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Abstract

This research explores the enhancement of single-slope solar still performance using phase change material (PCM), spe-
cifically paraffin, incorporating Al,O; nanoparticles. The application of paraffin, a PCM, improves energy storage density
and maintains a consistent temperature during the phase transition. Adding Al,O; nanoparticles to the PCM improves its
thermal properties, increasing production rates. Three scenarios were tested for comparison: (1) a standalone solar still, (2)
a solar still with PCM, and (3) a solar still with PCM containing Al,O5 nanoparticles. The productivity yields for these sys-
tems were 0.837 kg, 0.924 kg, and 1.145 kg, respectively. The results indicate a significant improvement in the solar still’s
performance upon adding PCM and Al,O; nanoparticles, yielding a 10.38% increase in daily output and a 36.77% increase
in daily distillate compared to the standalone solar still. Optimizing the temperature difference between the water and the
glass surface through ideal water spraying conditions also bolstered the distillate production rate. The outcomes from this
research suggest that solar distillation plants, which provide an efficient source of clean drinking water, can significantly
improve performance and productivity by leveraging the benefits of innovative materials such as nanoparticles.
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Introduction

The exponential growth of the population and the escalat-
ing energy demand have led to the depletion of fossil fuel
reserves, environmental contamination, and increased
expenses associated with production and consumption [1].
In light of these challenges, solar energy has emerged as a
promising alternative for various applications, including
wastewater treatment [2]. However, the intermittent solar
irradiation poses a substantial obstacle to the energy man-
agement of this technology. Moreover, in areas devoid of
contemporary technological advancements, the process of
distillation continues to be employed for the purpose of
generating drinkable water [3]. This process can benefit
from the use of phase change materials (PCMs), which are
substances capable of storing and releasing heat during
phase changes, such as the transition from solid to liquid.
The incorporation of PCMs in distillation systems holds
the potential for improving energy efficiency and water
purification processes [4]. Bo et al. [5] proposed a new
solar-driven PCMs that integrated an interfacial evapora-
tion system to achieve high energy-efficiency desalination.
Moreover, this technique proved to be very efficient in
utilizing intermittent solar energy. Additionally, PCMs,
such as paraffin, salt hydrates, and fatty acids, are fre-
quently employed in various technical applications. In a
different study, Liu et al. [6] aimed to improve the perfor-
mance of PCMs by integrating halloysite nanotubes
(HNTs) into organic PCM microcapsules. As a result, the
inclusion of HNTs in the PCM microcapsules led to
enhanced thermal storage, temperature regulation, flame
retardancy, and thermal conductivity of the composite.
Another experimental study conducted by Yousef and Has-
san et al. [7] focused on solar distillation systems that uti-
lized PCM and wool fibers to increase daytime freshwater
output. Through their research, they discovered that PCM
significantly improved the exergetic and energetic perfor-
mance of the distillation system. In the field of desalina-
tion processes, nanomaterials have become an increasingly
popular choice due to their ability to enhance solar thermal
performance [8]. In fact, solar stills, which play a critical
role in solar energy systems and offer eco-friendly solu-
tions for hard water or brine treatment, have leveraged the
use of nanomaterials to boost their efficiency [9]. Various
researchers have employed nanofluids to optimize the per-
formance of solar stills [10]. For instance, Kabeel et al.
[11] developed an experimental model of solar still that
effectively incorporated an oil heat exchanger and PCMs
to substantially increase the production of freshwater. In
addition, researchers such as Chaichan et al. [12] have
discovered that the addition of nanoparticles to a solar
distillation system enhances heat transfer and boosts
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distillation yield. It has been demonstrated that nanofluids,
which consist of nanoparticles dispersed within a base
fluid, have the potential to improve the performance and
thermophysical properties of heat exchanger fluids [10].
Overall, it is evident that nanomaterials and nanofluids
offer optimistic results in solar desalination and the treat-
ment of hard water or brine [10]. Additionally, it has been
observed that the incorporation of nanofluids increases the
rate of evaporation of nanoparticle/fluid-based solar stills,
particularly in regions with limited energy supplies; how-
ever, difficulties like long-term stability and life cycle
assessment still need to be resolved [13]. The productivity
of solar stills depends on efficiency parameters including
thermal conductivity, evaporation, and condensation rates,
which can be improved by incorporating nanofluids into
solar stills [9]. Various design and operational aspects,
such as still type, inclination angle, and energy storage,
must be taken into account to achieve optimal production
[14]. The efficiency and productivity of solar stills can be
significantly increased, making them more efficient at
addressing the freshwater shortage if correct optimal
design considerations are made with the usage of nanoflu-
ids [8]. This is corroborated by studies that demonstrate
water outputs from 4 kg m~2 to 15 kg m~2 per day may be
produced by active solar stills, which function by utilizing
solar energy [15]. Additionally, the use of nanofluids in
these distillation systems has shown a notable improve-
ment in both thermal conductivity and absorptivity, result-
ing in a general increase in system efficiency [15]. Overall,
the use of nanofluids in solar stills is a promising approach
to boosting productivity and efficiency, especially in
remote places with a lack of fresh water. Nevertheless,
solar stills continue to encounter constraints in terms of
their efficiency and the deposition of salt [16]. Numerous
studies have been undertaken with the aim of enhancing
the efficiency, productivity, and cost-effectiveness of solar
stills. A comparative study was conducted in Chennai,
India, to assess the energy efficiency of single-slope solar
stills utilizing cotton cloth energy storage [17]. The results
indicated that the solar still equipped with a 6-mm cotton
cloth exhibited the highest energy efficiency, measuring
23.8%. Furthermore, this configuration demonstrated the
highest exergy efficiency, reaching 2.6%. Consequently,
the implementation of the 6 mm cotton cloth solar still
resulted in a notable 24.1% increase in productivity [18].
The investigation determined that a solar still of moderate
size, equipped with reflectors and a glass cover for cool-
ing, exhibited superior performance in terms of freshwater
productivity and energy efficiency [19]. Pathak et al. inves-
tigated a hybrid system for the distillation and production
of hot water using a heat pipe-equipped vacuum tube col-
lector and a solar still. The system increased the productiv-
ity of distilled water by 152.9% at 40% depth and 162% at



Improving single-slope passive solar still efficiency through integration of phase change...

60% depth for variable flow rates. The energy and exergy
efficiencies increased by 40-22% and 0.7% to 4.1%,
respectively [20]. A comparative study was conducted to
evaluate three different configurations of solar stills. The
results indicated that the solar stills equipped with a
packed layer of glass balls as a thermal storage medium
exhibited the highest efficiency, reaching 14.96% [21].
Furthermore, these solar stills demonstrated the potential
for integration with parabolic trough collectors, which
enhances their viability for deployment in water-scarce
regions [21]. Furthermore, an examination was conducted
to assess the influence of nanoparticles on the thermal
efficiency of single-basin dual-slope solar stills [22]. The
findings of the study indicated that the utilization of cop-
per oxide nanoparticles yielded the highest degree of
enhancement in the thermal efficiency of solar stills [22].
Subsequent investigations have delved into the utilization
of phase change materials (PCMs), wherein passive stills
have exhibited enhancements of up to 120%, while active
stills have achieved a remarkable improvement of 700%
[4]. Moreover, in another investigation researchers sug-
gested that the incorporation of y-Al,0; nanoparticles in
a solar still can improve the thermal characteristics of
saline water and enhance the distillate yield. Specifically,
the addition of 0.3 mass% of y-Al,0; nanoparticles
resulted in a substantial increase in distillate yield [23].
Additionally, a separate study examined the utilization of
novel substances, such as phase change material and nano-
particles, in combination with water flow across a glass
cover, intending to improve the daily production rate of
distilled water in a solar thermal application involving
single-slope single-basin solar still [24]. A study con-
ducted in Algeria revealed that the incorporation of CuO
nanoparticles into solar stills resulted in enhanced produc-
tivity during the winter season [25]. The conventional
stills achieved productivity of 3.5 kg m~2 in summer and
2.2 kg m~2 in winter. However, the modified distillery
achieved a significantly improved outcome, approximately
1.4 times better, during the winter season [25]. Addition-
ally, this modification led to a notable increase in exergy
efficiency, with a 52.5% improvement observed during the
winter season [25]. Furthermore, a comparative study was
conducted utilizing CuO, Al,O5, Ag, Fe,0;, and SiC-water
nanofluids in passive single-slope solar stills. Al,O5-water
nanofluid generated 14.22% more thermal energy per day
than a simple solar still without nanofluid, followed by
CuO (10.82%), Ag (8.11%), Fe,05 (7.63%), and SiC
(7.61%). The outcomes were compared to experimental
and theoretical research [26]. Finally, a research study was
conducted to examine the influence of the number of baf-
fles on the efficiency of solar stills [27]. The findings of
the study indicate that there was a positive correlation
between the number of baffles and the increase in water

temperature, with a 26.37% rise observed [27]. Addition-
ally, freshwater productivity experienced a boost ranging
from 9.7% to 10.925%. These results suggest that increas-
ing the number of baffles can be considered as an effective
approach to enhance the efficiency of solar stills [27]. In
general, the aforementioned studies provide evidence that
the efficiency, productivity, and cost-effectiveness of solar
stills can be improved by integrating new materials and
inventive designs. This enhancement is particularly valu-
able in tackling the issues of water scarcity and energy
demand [28]. In summary, solar energy has demonstrated
its efficacy and cost-effectiveness as a viable alternative to
conventional energy sources. Significant advancements
have been achieved in enhancing the efficacy of water puri-
fication and desalination procedures through the utilization
of solar stills and the integration of nanofluids [29]. How-
ever, additional research and development efforts are
required to address current limitations and enhance the
efficiency of solar stills. By effectively tackling these chal-
lenges, solar energy has the potential to further contribute
to sustainable solutions for the pressing issues of water
scarcity and environmental concerns [30]. Despite the
extensive body of research on the utilization of PCMs and
nanomaterials to enhance solar distillation processes, there
is a notable gap in the existing literature regarding the
improvement of performance in single-slope solar stills.
Previous research has predominantly concentrated on
examining either PCMs or nanomaterials with the aim of
augmenting the efficiency of solar stills. However, there
has been limited research conducted on the utilization of
both combined composite materials in a singular inclined
solar energy system. The main aim of this study is to
enhance the efficiency of water distillation methods, spe-
cifically targeting the pressing need for improved access
to potable water in remote regions that heavily rely on
solar distillation techniques. In order to accomplish this
objective, PCM, specifically paraffin, is utilized along with
Al,O5 nanoparticles to improve the performance of the
single-slope solar still. Furthermore, a comparative analy-
sis is also conducted on standalone solar stills and solar
stills integrated with PCM. This distinctive approach effec-
tively assesses both thermal efficiency and distillation pro-
ductivity, thereby offering valuable insights for potential
advancements in this domain.

Experimental setup

The solar still’s base was constructed using a galvanized
iron (GI) painted sheet, whereas the basin was painted
black to increase its ability to absorb solar radiation. The
apparatus contained water, and as solar radiation perme-
ated the glass enclosure, the water’s temperature gradually
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Fig. 1 Installed solar still on the roof of DTU

rose until it reached a predetermined threshold, prompting
evaporation to occur within the distillation apparatus. In
order to ensure optimal performance, it is imperative that
the basin liner possesses impermeability to leak and exhib-
its a substantial absorption capacity. Figure 1 illustrates
the experimental arrangement, wherein the base was ther-
mally insulated using thermocol material and positioned
on a stand with a height of 0.75 m. A layer of black paint
was put on the basin’s surface to improve the absorption of
solar energy. The basin possessed a surface area measur-
ing 0.185 square meters and was equipped with insulation
in the form of a 17-mm thick layer of thermocol mate-
rial applied to its base. The glass cover was positioned
at an inclination of 30 degrees relative to the horizontal
plane and securely sealed using silicon sealant and tape.
A V-shaped channel comprising three sides was fabri-
cated, accompanied by a 4-cm drainage channel featuring
a nozzle with a diameter of 6 mm for water discharge.
The liquid measurement cylindrical jar, with an accuracy
of +0.1 mL, was connected to the outlet through a pipe to
collect the distilled water. A comprehensive examination
was conducted on the entire setup to ascertain the absence
of leaks and optimize heat dissipation. In order to address
concerns regarding fragility, a 4-mm glass cover with an
average transmissivity of 0.087 was employed as a substi-
tute for high transmissivity glass. The implementation of
adequate insulation played a crucial role in ensuring the
optimal functioning of the system. Moreover, thermocol
was employed on the lower surface to mitigate heat loss,
while the side wall was constructed using a GI sheet that
had been painted. To further reduce heat loss and enhance
the evaporation process, a sealant was employed. Further-
more, to gather the distilled water, a V-shaped channel
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was affixed to the GI sheet. The installation of a pyranom-
eter set up by the National Institute of Wind Energy was
undertaken to quantify wind energy and solar radiations.
The data utilized in this experiment were acquired from
a website specifically dedicated to global radiation inci-
dents [31]. Using a digital thermosensor manufactured by
ApTechDeals, the temperatures of various components of
the solar still, including the basin liner, inner glass, and
water vapor, were measured. The instrument’s sensitiv-
ity was taken into consideration for accurate temperature
readings. The thermal sensor exhibited a temperature
range spanning from — 50 “C to 110 °C, with an accuracy
level of + 1 °C. Moreover, two sensors were used to meas-
ure the properties of the inner and outer glass, as well as
four sensors for the sidewalls, one for the basin liner, one
for water temperature, and one for water vapor. Finally, the
outlet water was gathered utilizing a liquid measurement
cylindrical container with a precision of + 0.1 mL. Table 1
shows the geometric characteristics of the setup.

Materials selection

The basin of the solar still employed commercial-grade
paraffin (CAS NO.: 8002-74 —2) as the PCM. To sepa-
rate the paraffin from the water, a 0.5-mm-thick aluminum
sheet was utilized. Table 2 shows the thermophysical prop-
erties of paraffin wax.

Besides this aluminum oxide nanoparticle (Alpha),
CAS: 1334-28 — 1 was used as nanomaterials in this
experiment.

Table 1 Geometric properties of the setup

Parameters Values
Basin area/m’ 0.185
Glass thickness/mm 4
Number of glasses 1
Slope of glass/ 30
Effective absorption area/m> 0.165
Condensation aera/m> 0.207
Table 2 Thermophysical properties of paraffin wax [17]

Parameters Values
Melting temperature/°C 58-60
Latent heat of fusion/kJ kg™ 226
Thermal conductivity/W m~! K~! 0.24
Density solid/liquid/Kg m™> 818
Specific heat solid/liquid/kJ kg™! K~! 2.14
Application Solar still
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Experimental procedure

In June 2022, the experimental setup was installed on the
rooftop of DTU Delhi, India, to obtain precise and reli-
able results. The experiment was carried out under clear
weather conditions, with the solar still being oriented
north—south to measure its entire output accurately. Ther-
mosensors took hourly temperature measurements for the
basin liner, cover glass, and water vapor. The estimation
of distillate yields on an hourly and daily basis was con-
ducted by evaluating liquid containers. The analysis was
conducted between 9 AM and 8 PM. The experiment was
conducted in three distinct stages, with each stage focus-
ing on examining different cases. The solar still underwent
testing from June 10 to June 13 in the initial instance. The
solar still with PCM was tested from June 21 to June 25 in
the second case. Finally, the third case study entailed the
utilization of a solar still incorporating PCM-Al,0; from
June 26 to June 29. Figure 2 displays the hourly readings
that were obtained. Water was sprayed after 5 PM. The
aluminum oxide (Al,05) was uniformly distributed onto
the PCM with a mass percentage of 2% aluminum oxide.
The experimental procedure initially subjected the wax to
heat until it reached its melting point. Subsequently, an
approximate quantity of 5 g of aluminum particles was
evenly dispersed within the container, which was then
subjected to agitation for 60 min. Following the cessation
of the heat supply, an approximate quantity of 5 g of alu-
minum oxide was dispersed onto the molten wax, resulting
in its solidification. Subsequently, an additional quantity
of 10 g was evenly distributed onto the upper surface of
the solidified wax. The required amount of nanoparticles
can be calculated below the equation:
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Fig.2 Solar radiation for a different day (solar still alone)
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where ¢ represents the mass fraction of the nanoparticle,
mpcy denotes the mass of the PCM, and m,,_ Al,O; indicates
the mass of the nanoparticle that has been introduced to the
PCM. The consistent and enduring diffusion of nanoparticles
into paraffin wax poses significant challenges in preserving
the thermophysical characteristics of the mixture. Conse-
quently, even a small dispersion of nanoparticles can signifi-
cantly impact the properties of the mixture. This approach
entails preserving consistency within solutions containing
wax and nanoparticles.

The hourly efficiency calculated by the given formula

_p'hfs

"= @)

where, A is the area of solar still (m?), I is the intensity of
solar radiation (W m~2), P is the productivity (m~>), and g
is the latent heat of the distiller water.

Result and discussion

The experimental observation was carried out in Delhi (Lat-
itude: 28.7°N, 77.10°E) from June 10, 2022, to June 13,
2022, without PCM. In the second case, an experiment was
conducted with a layer of PCM on the basin bed from June
21 to June 25, 2022. In the third case, another experiment
was conducted using PCM—-AL,O5. An appropriate instru-
ment was used to measure all the temperatures. Figure 2
displays the global solar radiation variation for the solar still
alone. The values for June 10 and June 11 range from 700
to 900 W m~2 during the 9-AM to 2-PM interval. Figure 3
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Fig.3 Solar radiation for a different day (solar still with PCM)
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Fig.4 Variation of solar radiation for a particular date (solar-PCM—
Al O5)
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Fig.5 Solar radiation was observed for solar sill alone, with PCM,
with PCM-AI, 04

shows the global solar radiation variation for the solar still
with PCM. The values for June 21 and June 24 range from
550 to 750 W m~? in the 9-AM to 2-PM interval. Figure 4
provides an overview of the global solar radiation variation
for the solar still with PCM—Al,0O5. The values for June 27
and June 29 range from 650 to 900 W m~2 within the 9-AM
to 2-PM interval.

Figure 5 displays the estimated solar irradiation observed
for a solar still without PCM on June 11, a solar still with
PCM on June 21, and a solar still with PCM-Al,O5 on June
27. The solar radiation during this period was determined
to be approximately the same. Figure 5 shows the radiation
variation in different scenarios: which is still alone, one with
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Fig. 7 Variation of distilled water output with respect to solar radia-
tion

PCM, and one with PCM-Al,0O;. The figure demonstrates
that the solar radiation is nearly identical for the specific
date used in this analysis. This radiation data was utilized to
compare various parameters of the solar still.

Figure 6 displays the distilled output data for three dif-
ferent configurations: solar still alone, solar still with PCM,
and solar still-PCM-Al,0;. The findings suggest that pro-
ductivity is enhanced during off-peak periods, specifically
in the context of solar still- PCM-Al,O;. The results dem-
onstrate an overall increase in productivity during both on
and off-peak times. Figure 7 illustrates the fluctuations in
distilled water in response to solar radiation across vari-
ous scenarios, namely the use of a standalone still, a still
incorporating PCM, and a still incorporating PCM—-Al,05.
The graph indicates that the distilled water output of the
still with PCM—AI,O; is greater than that of both the still
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Fig.9 Variation of glass outside temperature with respect to time for
all three cases

alone and the still-PCM. Figure 8 illustrates the fluctuations
in basin water temperature for three different scenarios:
solar still alone, solar still with PCM, and solar still with
PCM-AI,O;. The graph illustrates that the rate of increase
in basin water temperature is significantly higher in solar
stills equipped with PCM and solar stills incorporating both
PCM and Al,O,, compared to solar stills operating without
these enhancements.

The comparison between the hourly solar still
performance with the incorporation of PCM and
PCM-Al,0;, and the performance of the solar still
alone, is shown in Fig. 9. The solar still’s yield was
measured at 837 mL m~2 day~!, 924 mL m~ day~', and
1145 mL m~ day~' for the solar still alone, solar still
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Fig. 10 Variation of glass inside temperature with time for three con-
ditions
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Fig. 11 Variation of water vapor of still for different cases with time

with PCM, and solar still with PCM and Al,Oj;, respec-
tively. The increase in yield was approximately 10.38%
and 36.77%, respectively. The solar still yielded the high-
est quantity of distilled water at noon due to the prevailing
hot weather conditions. The nocturnal condensed product
of the distillation process resulted in an augmentation of
solar energy production and an enhancement of the overall
distillation output. At 5 PM, water was sprayed onto the
glass in order to sustain the temperature differential and
optimize the distillation process. Figure 9 illustrates the
fluctuations in the external temperature of the glass for
three scenarios: the solar still alone, the solar still with
PCM, and the solar still with PCM and Al,O;. It is evident
from the graph that the outside glass temperature of the
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Fig. 12 Variation of still bottom surface temperature with hourly
period

solar still with Al,Oj; is higher compared to both the solar
still alone and the solar still with PCM.

Figure 10 shows the variation of the inside temperature of
the glass concerning the hourly time for different cases: solar
still alone, still-PCM, and still- PCM-Al,0O;. The results
indicate that the temperature inside the glass for the solar
still-PCM and still- PCM-Al,O; cases was slightly higher
than the other two cases. Figure 11 displays the hourly meas-
urement of water vapor for various cases. The graph indi-
cates that the variation of water vapor ranges from approxi-
mately 30 °C to 36 °C across different cases.

Figure 12 depicts the hourly measurements of the tem-
perature variation on the bottom surface of the still basin
for three different configurations: solar still alone, solar still
with PCM, and solar still with PCM and Al,O;. The graph
illustrates the range of temperature variations observed on
the lower surface, which spans from 45 °C to 68 C. It was
noted after careful observation that the basin’s temperature
experienced a slight decrease. This can be attributed to the
temperature reaching the melting point of the PCM, which
is within the range of 58 “C to 60 “C. Between the hours of
12:00 PM and 3:00 PM, the behavior of paraffin wax was
characterized by undercharging conditions. Upon comple-
tion of the charging process, the glass is covered using a
protective cover, and the PCM discharge is underway. Sub-
sequently, the stored energy is transferred to the activated
solar still during nighttime. A marginal decrease in yield was
observed during the day when comparing the use of still and
non-still PCM that is stored below the basin.

Figure 13 illustrates the relationship between the water
temperature in the basin and the temperature of the glass
placed inside. This suggests that it is important to maintain
a distinction to achieve high water distillation productivity
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Fig. 13 Variation of the inside of glass and water basin temperature
with time for three cases

for three different systems: solar still alone, solar still with
PCM and solar still with PCM and Al,O5. The process
of distillation conducted by the simple apparatus yields
a greater volume of purified water during the time period
spanning from 8 to 11 AM. However, the production of
other distillates is expected to increase after this hour.
This increase in production results in a portion of the heat
being transferred to the wax, causing the temperature of
the wax to rise gradually. Consequently, the temperature of
the water decreases due to the high capacity of the wax to
absorb heat. According to the findings, the temperature of
the bottom surface increased to a greater extent compared
to the temperatures of the PCM and nano-PCM during
the charging phase. This observation aligns with the well-
established understanding that metals have a higher heat
absorption rate than other materials. During the period
of discharge, there was a rapid decrease in temperature
observed on the bottom surface in comparison to the par-
affin wax. Although the majority of the temperature data
obtained from the plates and subsequently transferred
to the wax is typically stored as sensible heat and latent
heat. Incorporating a solar still involves the utilization of
Al,0;—PCM to achieve a slightly higher temperature than
the temperature observed when using PCM alone. The
incorporation of Al,O; in the PCM resulted in an enhance-
ment of thermal conductance. This improvement allows
the PCM to efficiently accumulate more heat energy within
a shorter duration, making it suitable for integration into
solar stills. Therefore, using Al,0;—PCM in solar stills
results in a higher distillation efficiency compared to solar
stills without PCM. Additionally, PCM’s presence impacts
the temperature of the water inside the solar still.
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Comparison with the previous study

The findings of this study build upon the work of Ramzy
et al. [32], who investigated the performance of solar stills
using various absorbing materials, including steel wool pads.
Ramzy et al. reported a thermal efficiency of 32.74% and a
yield of 4.384 1 m~2 using steel wool pads as the absorbing
material. In contrast, the current research improved solar
still performance by integrating PCM with Al,O; nanopar-
ticles. This method significantly increased thermal efficiency
to 36.77% and a maximum water yield of 1.245 kg using
the PCM-Al,0; composite. Therefore, the findings of this
study suggest that incorporating nanoparticles into PCM
can potentially enhance the efficiency of solar distillation
systems.

Conclusions

This study investigates solar distillation systems, focusing
on the integration of PCM and PCM-Al,O;. The results
show that adding PCM and Al,O; nanoparticles signifi-
cantly improved solar still performance. Adding Al,O,
significantly enhanced the thermal performance of paraffin
wax, boosting distilled water yield by 10.38%. The daily
distillate yield increased by 36.77% when Al,O; nanopar-
ticles were included in the PCM design. The PCM-Al, 0,
composite also showed lower charging and discharging peri-
ods, indicating improved thermal storage. Maintaining an
ideal water spray rate on the glass surface also increased
the output rate, allowing for a more favorable temperature
difference between the water and glass surface, boosting
the condensation rate. Future studies will explore potential
yield increases by swapping Al,O; for other materials like
titanium oxide and copper oxide. The urgent requirement to
enhance the efficiency of solar distillation facilities, which
hold the potential to provide uncontaminated potable water,
underscores the significance of ongoing investigations into
novel materials for solar-driven water purification systems.

Data availability No data associated with this study.
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