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Abstract: This communication discusses the energy, exergy, and economic feasibility of novel heat
storage based on a single-slope solar still coupled with a solar air heater (SAH). The analysis was
conducted on three different solar stills, i.e., a single-slope solar still (SSSS), single-slope solar still
with latent heat storage, and a single-slope solar still with latent heat storage coupled with a solar
air heater. The performance evaluation of all types of solar still has been compared to evaluate
the best-performing solar still. Paraffin wax as a phase change material (PCM) has been used at
the bottom of the solar still to provide proper thermal storage. The experiments were conducted
on different depths, i.e., 3 cm, 6 cm, 9 cm, 12 cm, and 15 cm. The efficiency of a single-slope solar
still with PCM and SAH was 65.58% higher than a conventional solar still. The average exergy
efficiency of a single-slope solar still with latent heat storage coupled with a solar air heater is 83.19%
higher than a traditional solar still. Additionally, the maximum hourly output was found to be
735 mL/m2 h for the solar still customized with PCM and solar heater for a depth of 3 cm. This
shows that the still (single-slope solar still with latent heat storage coupled with a solar air heater)
has higher thermal performance than the other two solar stills. Therefore, the proposed solar still is
very suitable for desalination.
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1. Introduction

The acute scarcity of freshwater is faced by mankind around the globe. However,
water bodies are there, but it is not drinkable. One such technique for purifying water
is by using solar stills. Solar still systems distill the water and then evaporate it using
solar energy [1]. The evaporated water is collected and purified in condensation traps,
which can be utilized for drinking and other purposes. The solar distillation method is
economical and pollution free compared to the other existing desalination methods [2].
Higher productivity is obtained in the case of the conventional methods of desalination,
which are energy intensive. Lower productivity was obtained by conventional solar stills
through the existing desalination methods, and research was carried out extensively for
improving the system by installing condensers, basins, reflectors, etc.

Single-slope single-basin solar stills are very easy to construct and operate [3]. The
principle on which solar still works is evaporation and condensation. The evaporated water
produces vapor in the basin, which is then allowed to condensate on a tilted glass cover.
This method is easy and environmentally friendly because the prime source of energy is
from the Sun.

Many investigations are being carried out across the world to increase the productivity
of solar stills by using various heat storage materials. Numerous methods are being
devised to understand the effect of heat storage materials on the productivity of solar
stills by examining various storage materials applied to different still designs. One such
promising material is a phase change material (PCM), which is latent heat storage (LHS),
and attracts the interest of researchers.
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Deshmukh and Thombre [4] analyzed the performance of a single-slope single-basin
solar still with sand and servotherm medium oil (heat transfer oil) as a passive storage
material beneath the basin liner. The performance of a single-slope solar still is compared
with the base unit, i.e., without storage. It has been observed that all the units with
passive storage, such as sand and SM oil, yield higher overnight productivity. Additionally,
with passive storage, overnight productivity was found to be enhanced, while daylight
productivity was lowered.

Yousef et al. [5] investigated the use of hollow cylindrical pin fins implanted in PCM to
increase the heat transfer properties of PCM storage units, which are suitable for solar still
systems. The findings showed that the addition of PCM significantly increases the still’s
overall freshwater output while having a detrimental impact on daytime freshwater pro-
ductivity. Additionally, solar stills, which combine PCM-based pin fins with conventional
stills and solar stills using solely PCM, achieve the best thermal performance.

Madiouli et al. [6] explored the performance of conventional single-slope solar stills
as well as the influence of incorporating a flat plate collector (FPC) as well as a parabolic
trough collector (PTC) backed by a packaged glass ball layer (PLGB), which works as a
thermal storage medium in the systems. The incident solar energy from the PTC–FPC is
collected in a still basin by two independent loops of finned pipes that operate as heat
exchangers. The results showed that the solar still integrated with PTC, FPC, and PLGB
has a greater freshwater production rate of 6.036 kg/m2/day during the summer and
2.775 kg/m2 during the winter. Furthermore, as compared to conventional solar, FPC–PTC–
PLGB solar boosted productivity by 172% in the winter and 203% in the summer. The
efficiency of the solar still with FPC–PTC–PLGB is found to be 16.24% in winter and 21.83%
in summer, which is greater than the efficiency of a traditional solar still, which is 8.1% in
winter and 12.15% in summer (summer).

Shanmugan et al. [7] studied the performance of single-slope solar stills under various
operating conditions, such as coating the basin liner with TiO2 nanoparticles mixed with
Cr2O3 and different combinations of hybrid bond adsorption. A copper sheet that was
used as the basin liner was employed to absorb energy both in the winter and the summer
(W and S). The results showed that throughout the winter and summer, respectively, the
solar still’s average daily productivity was 5.39 and 7.89 L. The system’s average daily
efficiency was 57.16% in the summer and 36.69% in the winter.

Modi et al. [8] evaluated the performance of a single-slope double-basin solar still with
and without Al2O3 nanoparticles at the coordinates of 20.61◦ N and 72.91◦ E. Two identical
single-slope double-basin solar stills with the same basin area were built for the experiment.
The yield of the solar stills, one without nanoparticles and one with Al2O3 nanoparticles,
was measured for various weight concentrations of Al2O3 nanoparticles, such as 0.01%,
0.05%, 0.10%, and 0.20%. In comparison to the solar still without nanoparticles, the results
reveal that using nanoparticles enhances the distilled output by 17.6%, 12.3%, 7.2%, and
2.6% for weight concentrations of 0.01%, 0.05%, 0.10%, and 0.20%, respectively.

Estahbanati et al. [9] evaluated the effect of an internal reflector (IR) on the productivity
of a single-slope solar still (during the summer and winter) experimentally and theoretically.
A mathematical model that examined the impact of the solar still’s north, south, west, and
east walls on the amount of solar radiation received by brine was provided. The model
was validated using experimental data. The model is able to determine the yield of the still
on varied walls both with and without IR. The findings reveal that applying IR to the front
and side walls at the same time increases the still’s efficiency by 18%. On the other hand,
mounting an IR on the back wall can boost annual efficiency by 22%. In comparison to a
still without IRs, installing IRs on all walls can boost distillate production by 65%, 22%, and
34% over the winter, summer, and entire year, respectively. Additionally, the impact of the
cloud factors on the installation of IRs on all walls was investigated. The findings show
that increasing the cloud factor reduces the impact of IRs considerably.
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Numerous studies have been conducted to improve solar still production throughout
the day and at night [10–14]. The literature survey made it evident that many researchers
had employed paraffin wax, pebbles, sand, and other heat-storing materials to raise the
temperature of the water in the basin and enhance the efficiency of a single-slope solar
still [15,16]. It has been observed from the above literature survey that no work has been
undertaken to enhance solar still performance using latent heat storage material with a
solar air heater. Hence, the primary goals of the current experimentation are to undertake
the comparative study of a single-slope solar still, a single-slope solar still with latent heat
storage, and a single-slope solar still with latent heat storage coupled with a solar air heater
(SAH); additionally, to analyze the performance of solar still at different depths, i.e., 3 cm,
5 cm, 9 cm, 12 cm, and 15 cm, respectively. Lastly, the exergy and economic analyses were
conducted to analyze the overall analysis of the system.

2. Experimental Work

An arrangement is made to compare and examine the effect on the yield of the phase
change material (PCM) when incorporated in a traditional solar still. The thermos-physical
properties of PCM is presented in Table 1. For a better understanding of the experiment, its
schematic view is depicted in Figure 1. The solar stills were fabricated, and the variation
of the parameters, such as incident radiation and ambient temperature, were analyzed.
The effective area of the absorber plates for each solar is 1 m2. The liner of the basin is
made using galvanized iron with a thickness of 4 mm and painted black to maximize the
capture of incident solar radiation. To prevent heat loss, insulation was fabricated using
Armaflex insulation sheets with a thickness of 3 cm. The lateral walls and the top of the
still were fabricated using commercial transparent glass with a thickness of 5 mm, and
it was used to fabricate the top cover of the solar still and walls. The glass used had the
specifications of a solar heat gain coefficient (SHGC) of 0.86 and a transparency of 0.82. To
prevent vapor leakage, a rubber gasket was used to seal off the edges and to make it airtight.
To absorb the maximum incident solar intensity, the stills were kept in the East–West axis
and fixed along the south direction. Additionally, the condensing glass’s slope is equivalent
to the latitude of the spot finalized for conducting the experiment. Two small channels
with 5 degrees of inclination in a downward direction are welded to the still’s inner walls.
This slope facilitates the collection of the condensate water that is guided down by the
above-mentioned channels. The condensate water was collected in a 5 L bottle, and a
calibrated flask was used to measure the condensed water. For this research work, five
different arrangements have been customized to conduct the experiments. As shown in
Figure 2, the still with PCM has a heat reservoir made of galvanized steel with a thickness
of 26 mm, which was placed under a basin line that was completely sealed off with paraffin
wax, and acted as a thermal storage unit. The PCM reservoir was fabricated with15 kg
of paraffin wax. Additionally, it was predicted that the paraffin wax would expand by
12% of its volume due to the absorption of the incident solar energy. Thus, to maintain
uninterrupted contact between the PCM and basin liner, 2 kg extra wax was deployed. This
also facilitated the heat exchange processes. So, the total amount of wax used was 17 kg.
The PCM tank was calibrated in such a way that effective contact was established between
the PCM and the basin liner’s bottom surface. To prevent leakages, a rubber gasket was
used to seal off the bottom surface of the absorber plate and the edges of the PCM reservoir.
All important experimental data were recorded in hourly basis with standard equipment.
Details of equipment are presented in Table 2.
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Table 1. Thermo-physical properties of paraffin wax and black gravel. 

Paraffin Wax 
Property Unit Value 

Thermal conductivity,  W/m °C 1.69 
Density (Liquid/Solid) kg/m3 760/818 
Specific heat capacity 

(Solid/Liquid) 
kJ/kg °C 2.95/2.51 

Latent heat kJ/kg 226 
Melting temperature °C 56 

Table 2. Technical specifications of instruments. 

Instruments & Description Accuracy 
Digital air flow meter—Wind speed 

Measurement ±3% 

Digital thermometer—Temperature 
Measurement ±0.05% 

Calibrated flask (0–2000 mL)—Local Water 
yield measurement 

±0.88% 

Solar power meter—Solar radiation 
Measurement 

±5% 

 
Figure 1. Schematic View of Latent Heat Storage Based Single-Slope Solar Still Assisted with Solar 
Air Heater. 

Figure 1. Schematic View of Latent Heat Storage Based Single-Slope Solar Still Assisted with Solar
Air Heater.
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Figure 2. Experimental View of Latent Heat Storage Based Single-Slope Solar Still Assisted with Solar
Air Heater.

Table 1. Thermo-physical properties of paraffin wax and black gravel.

Paraffin Wax

Property Unit Value

Thermal conductivity, W/m ◦C 1.69

Density (Liquid/Solid) kg/m3 760/818

Specific heat capacity (Solid/Liquid) kJ/kg ◦C 2.95/2.51

Latent heat kJ/kg 226

Melting temperature ◦C 56
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Table 2. Technical specifications of instruments.

Instruments & Description Accuracy

Digital air flow meter—Wind speed Measurement ±3%

Digital thermometer—Temperature Measurement ±0.05%

Calibrated flask (0–2000 mL)—Local Water yield measurement ±0.88%

Solar power meter—Solar radiation Measurement ±5%

3. Numerical Analysis
3.1. Uncertainty Analysis

The uncertainties introduced by the instruments during the experimental measure-
ments are investigated in this paper. Few values are considered from the datasheet for the
instrument, while others are acquired from the instrument’s supplier. The uncertainties and
errors of the experiment are calculated using Taylor’s methods [17–19]. The uncertainties
of variables such as temperature and productivity are directly measured to account for
both the random and systematic sources of inaccuracy. The uncertainty of δ value e, such as
still efficiency, determined from the experimental results, is calculated using the following
Equation [20].

δ =

√(
∂e
∂x

)2
δ2

x +

(
∂e
∂y

)2
δ2

y (1)

where, δ2 and δ1 = the measured values of uncertainty y and x, respectively.
The above equation may be utilized for more than two measured values. By referring

to this equation, the efficiency uncertainty is calculated to be 1.9%. Table 3 provides an
illustration of the measured values of uncertainty.

3.2. Theoretical Analysis

The various heat transfer coefficients are:
hwg = heat transfer coefficients for water surface and glass,
hge = heat transfer coefficient for glass and environment and
hwb = heat transfer coefficient for water-basin lining [20].
hew = heat loss coefficient by evaporation from the water surface
The saturated partial pressure of glass is denoted by Pg, whereas Pw represents the

saturated partial pressure of the water [6,7];

hew = 4
pwr − pgl

Twr − Tgl
(2)

Pgs = e
(25.3− 5144

Tgl
)

(3)

Pws = e(25.3− 5144
Twr ) (4)

The evaporative heat transfer coefficient can be evaluated as follows:

Qew = hew(Twr − Tgl) (5)

While the hourly output of the solar still can be evaluated as:

mew =
hew(Twr − Tgl)

L
× 3600 (6)
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The solar still’s overall thermal efficiency is the ratio between the evaporative
heat transfer to the solar irradiation on the absorber plate and is calculated by the
following equation.

ηe f f =
Qew

A.Ie f f
(7)

3.3. Exergy Analysis

The exergy analysis function is derived from the second law of thermodynamics
and acts as an indicator of the energy’s ability to convert into work. The exergy can be
explained as the maximum work a system can produce when it approaches thermodynamic
equilibrium in a particular environment. The general equation for the exergy balance is
given below [7]:

∑
.
Ex,i = ∑

.
Ex,o = ∑

.
Ex,d (8)

The solar irradiance exergy is used to estimate the exergy input to the solar still as
shown in below Equation (9):

∑
.
Ex,i = ∑

.
Ex,s = Ab It

[
1 − 4

3

(
Tambt + 273

TS

)
+

1
3

(
Tambt + 273

TS

)4
]

(9)

where, Ts = 6000 K temperature of the Sun, Ex,s = input of exergy to the solar still from solar
insulation, Ab = effective still basin area in m2, Additionally, the accumulated incident solar
irradiance on solar still is measured in W/m2. For the still used in this work, Equation (10)
shows the exergy output of the product, which here is distilled water.

.
Ex,o =

.
Ex,ev =

mewλlt
3600

[
1 −

(
Tambt + 273
Twr + 273

)]
(10)

where Ex,ev is the exergy due to evaporation, and λlt is the latent heat of evaporation.

λlt = 3.16
(

106 − 761.6 × Ti

)
, Ti > 70 (11)

λlt = 2.49
(

106 − 947.7 × Ti + 0.13 × Ti
2 − 0.0047 × Ti

3
)

, Ti < 70 (12)

where,

Ti =
Twr + Tgl

2
(13)

The exergy efficiency is calculated as the difference between the input and output
exergy, and it is written as [8].

ηex =

.
Ex,ev
.
Ex,in

(14)

4. Result and Discussion

During the experiment, parameters such as the temperature of the glass cover, ambient
temperature, the temperature of the basin, the PCM temperature, and solar radiation were
recorded on an hourly basis. Additionally, the quantity of desalinated water was recorded
hourly. On 7 April 2021, a comparison between three identical SSSS with latent heat storage
and without latent heat storage was undertaken. Then, a second experiment was conducted
between the optimum PCM percentage SSSS and a traditional solar still without PCM.

Solar radiation, ambient temperature, wind velocity, and relative humidity are plotted
as a function of time, and they are shown in Figure 3a–d. It can be observed from the
figure that the peak values of various dependent variables are 48 ◦C, 1.6 m/s, 68%, and
1350 W/m2, respectively.
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Figure 4a–e shows the variation in the water temperatures inside the still with
respect to experiment time at different depths. The peak temperature of the water in
the solar stills with 3 cm, 6 cm, 9 cm, 12 cm, and 15 cm depths are 65 ◦C, 57 ◦C, 55 ◦C,
56 ◦C, and 54 ◦C, respectively, for SSSS (LH) with SAH. It was observed that due to the
release of thermal energy from PCM, the temperature of the water in the solar still with
PCM remains constant, while the temperature in the solar still without PCM decreases
at off-sunshine hours.

Figure 5a–e shows the glass temperature with respect to time during the experi-
mentation. The peak temperatures can be recorded as 63 ◦C, 54 ◦C, 54 ◦C, 56 ◦C, and
55 ◦C for solar stills with depths of 3 cm, 6 cm, 9 cm, 12 cm, and 15 cm, respectively.
Figure 6 shows the dependence of PCM (Paraffin wax) and SAH on the temperature of
the proposed solar stills with respect to time. The SSSS (LH) with SAH between 9 a.m.
and 2 p.m. shows higher temperatures with PCM in comparison to other solar still.
Additionally, between 4 p.m. and 5 p.m., the temperature remains higher due to the
release of heat from PCM.

The hourly freshwater productivity per m2 for three SSSS is shown in Figure 7a–e. It
was observed that the hourly output of fresh water between 9 a.m. and 12 p.m. was higher
for solar still having PCM with SAH in comparison to solar still without SAH. Additionally,
the thermal energy stored in PCM provides higher output per hour between 12 p.m. and
5 p.m. in comparison to a solar still without PCM.



Energies 2022, 15, 8013 8 of 15

Energies 2022, 15, x FOR PEER REVIEW 8 of 16 
 

 

Figure 4a–e shows the variation in the water temperatures inside the still with respect 
to experiment time at different depths. The peak temperature of the water in the solar 
stills with 3 cm, 6 cm, 9 cm, 12 cm, and 15 cm depths are 65 °C, 57 °C, 55 °C, 56 °C, and 54 
°C, respectively, for SSSS (LH) with SAH. It was observed that due to the release of ther-
mal energy from PCM, the temperature of the water in the solar still with PCM remains 
constant, while the temperature in the solar still without PCM decreases at off-sunshine 
hours. 

 
Figure 4. (a–e) Variation of water temperature vs. time at the depth of 3 cm, 6 cm, 9 cm, 12 cm and 
15 cm, respectively. 

Figure 5a–e shows the glass temperature with respect to time during the experimen-
tation. The peak temperatures can be recorded as 63 °C, 54 °C, 54 °C, 56 °C, and 55 °C for 
solar stills with depths of 3 cm, 6 cm, 9 cm, 12 cm, and 15 cm, respectively. Figure 6 shows 
the dependence of PCM (Paraffin wax) and SAH on the temperature of the proposed solar 
stills with respect to time. The SSSS (LH) with SAH between 9 a.m. and 2 p.m. shows 
higher temperatures with PCM in comparison to other solar still. Additionally, between 4 
p.m. and 5 p.m., the temperature remains higher due to the release of heat from PCM. 

Figure 4. (a–e) Variation of water temperature vs. time at the depth of 3 cm, 6 cm, 9 cm, 12 cm and
15 cm, respectively.

Energies 2022, 15, x FOR PEER REVIEW 9 of 16 
 

 

 
Figure 5. (a–e) Variation of glass temperature vs. time at the depth of 3 cm, 6 cm, 9 cm, 12 cm, and 
15 cm, respectively. 

 
Figure 6. Variation of SAH and Paraffin wax temperature vs. time. 

The hourly freshwater productivity per m2 for three SSSS is shown in Figure 7a–e. It 
was observed that the hourly output of fresh water between 9 a.m. and 12 p.m. was higher 
for solar still having PCM with SAH in comparison to solar still without SAH. Addition-
ally, the thermal energy stored in PCM provides higher output per hour between 12 p.m. 
and 5 p.m. in comparison to a solar still without PCM. 

Figure 5. (a–e) Variation of glass temperature vs. time at the depth of 3 cm, 6 cm, 9 cm, 12 cm, and
15 cm, respectively.



Energies 2022, 15, 8013 9 of 15

Energies 2022, 15, x FOR PEER REVIEW 9 of 16 
 

 

 
Figure 5. (a–e) Variation of glass temperature vs. time at the depth of 3 cm, 6 cm, 9 cm, 12 cm, and 
15 cm, respectively. 

 
Figure 6. Variation of SAH and Paraffin wax temperature vs. time. 

The hourly freshwater productivity per m2 for three SSSS is shown in Figure 7a–e. It 
was observed that the hourly output of fresh water between 9 a.m. and 12 p.m. was higher 
for solar still having PCM with SAH in comparison to solar still without SAH. Addition-
ally, the thermal energy stored in PCM provides higher output per hour between 12 p.m. 
and 5 p.m. in comparison to a solar still without PCM. 

Figure 6. Variation of SAH and Paraffin wax temperature vs. time.

Energies 2022, 15, x FOR PEER REVIEW 10 of 16 
 

 

 
Figure 7. (a–e) Variation of hourly output vs. time at the depth of 3 cm, 6 cm, 9 cm, 12 cm, and 15 
cm, respectively. 

Figure 8a–e shows the variation in the basin temperature as a function of time. It can 
be observed from the graph that the productivity of the solar still equipped with PCM and 
SAH was more in comparison to a conventional solar still. It is also observed that solar 
still productivity equipped with PCM increases between 1 p.m. and 5 p.m. from 18.6% to 
27.7% due to the release of stored thermal energy by PCM, which increases the tempera-
ture difference between the distilled water and glass and ultimately attracts more vapor 
to condensate on the glass wall. Concluding from the above discussion, it is clear that the 
highest productive solar still is equipped with PCM and SAH. Another experiment is car-
ried out to compare the solar still with PCM and a traditional solar still. The variation in 
the hourly productivity of freshwater per m2 from 9 a.m. to 2 p.m. was similar in both 
traditional SSSS and the still equipped with PCM. However, as discussed, due to the re-
lease of stored thermal energy by PCM, the productivity of freshwater was higher in the 
solar still equipped with PCM than conventional SSSS. 
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Figure 8a–e shows the variation in the basin temperature as a function of time. It can
be observed from the graph that the productivity of the solar still equipped with PCM
and SAH was more in comparison to a conventional solar still. It is also observed that
solar still productivity equipped with PCM increases between 1 p.m. and 5 p.m. from
18.6% to 27.7% due to the release of stored thermal energy by PCM, which increases the
temperature difference between the distilled water and glass and ultimately attracts more
vapor to condensate on the glass wall. Concluding from the above discussion, it is clear
that the highest productive solar still is equipped with PCM and SAH. Another experiment
is carried out to compare the solar still with PCM and a traditional solar still. The variation
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in the hourly productivity of freshwater per m2 from 9 a.m. to 2 p.m. was similar in both
traditional SSSS and the still equipped with PCM. However, as discussed, due to the release
of stored thermal energy by PCM, the productivity of freshwater was higher in the solar
still equipped with PCM than conventional SSSS.
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The Average Daily efficiency of all three solar stills was analyzed. The efficiency of the
solar still with PCM and SAH is higher than the efficiency of the other two configured stills.
The efficiency of the solar still with PCM and SAH was higher at 65.58% than conventional
solar still efficiency. The efficiency for the solar still with PCM and SAH is 4.21% more
than a solar still with PCM only. The exergy efficiency and solar still efficiency increases
at higher water temperature. Additionally, few other parameters also affect exergy and
efficiency, such as the temperature of the glass surface and the atmospheric temperature.
The efficiency of all three solar stills at different depths is shown in Figure 9.

The impact of the modifications to the system’s design and operational parameters on
its exergy efficiency is covered in this section. The mass flow rate of the water, the quantity
of PV/T collectors, the mass of the water in the basin, and the mass of the PCM were the
design and operational parameters that were examined. In order to assess the irreversibility
of the various system components and the exergy fractions, the desirable values for the
design and operating parameters were established.



Energies 2022, 15, 8013 11 of 15

Energies 2022, 15, x FOR PEER REVIEW 12 of 16 
 

 

 
Figure 9. Variation of efficiency at different depth. 

The impact of the modifications to the system’s design and operational parameters 
on its exergy efficiency is covered in this section. The mass flow rate of the water, the 
quantity of PV/T collectors, the mass of the water in the basin, and the mass of the PCM 
were the design and operational parameters that were examined. In order to assess the 
irreversibility of the various system components and the exergy fractions, the desirable 
values for the design and operating parameters were established. 

Relatively high exergy is seen due to solar irradiation. However, the same is not true 
for the exergy efficiency of a solar collector. Moreover, exergy efficiency improved with 
increases in the temperature of the solar collector. The highest increase in exergy efficiency 
was achieved at the highest temperature. Therefore, considering the economic aspect and 
increased costs, heat storage-based materials were considered for the system to provide a 
constant temperature. Tables 3–7 depict the daily exergy output and exergy efficiency. 
Equation (14) provides the daily exergies according to varying depths, as shown in Tables 
3–7. 

Table 3 depicts the hourly variation of Exin, Exout, and ᶯ for all types of solar still at a 
depth of 03 cm. The variation in Exin is 606.22–1258.44, 0–10.37 for Exout, and 0–1.71% for ᶯ 
for SSSS. Exin is found to be highest (1258.44) at 13.00 due to the highest ambient temper-
ature during experimentation because Exin depends primarily on the ambient tempera-
ture. Exin was found to be lowest (606.22) at 17.00 p.m. due to the minimum ambient tem-
perature. Exout was found to be highest at 17.00 (10.37) due to the high water condensation 
process inside the solar still. Since exergy efficiency is the ratio of Exout and Exin, the ratio 
of these two parameters is the highest (1.71%) at 17.00 and the lowest (0) at 9.00 a.m. 

Similarly, the variation in Exin is 111.71–1139.6, 0–14.88 for Exout, and 0–13.33% for ᶯ 
SSSS (LH). Exin was found to be highest at 13.00 and lowest at 17.00. However, Exout was 
found to be highest at 17.00 (14.88) and lowest at 9.00 (0). Similarly, the exergy efficiency 
is highest at 17.00 (13.33%) and minimum at 9.00 (0%). 

The variation in SSSS (LH + SAH) for Exin is 92.58–1161.24; 0–16.05 for Exout, and 0–
17.33% for ᶯ. Exin was found to be the highest at 13.00 (1161.24) and lowest at 17.00 h 
(92.58). Exout was found to be highest at 17.00 h (16.05) and lowest at 9 a.m. (0). The exergy 
efficiency follows the same pattern as the exergy outlet. The exergy efficiency is highest at 
17 h (17.38%) and zero at 9 a.m. 

Figure 9. Variation of efficiency at different depth.

Relatively high exergy is seen due to solar irradiation. However, the same is not
true for the exergy efficiency of a solar collector. Moreover, exergy efficiency improved
with increases in the temperature of the solar collector. The highest increase in exergy
efficiency was achieved at the highest temperature. Therefore, considering the economic
aspect and increased costs, heat storage-based materials were considered for the system
to provide a constant temperature. Tables 3–7 depict the daily exergy output and exergy
efficiency. Equation (14) provides the daily exergies according to varying depths, as shown
in Tables 3–7.

Table 3 depicts the hourly variation of Exin, Exout, and
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for SSSS. Exin is found to be highest (1258.44) at 13.00 due to the highest ambient
temperature during experimentation because Exin depends primarily on the ambient
temperature. Exin was found to be lowest (606.22) at 17.00 p.m. due to the minimum
ambient temperature. Exout was found to be highest at 17.00 (10.37) due to the high water
condensation process inside the solar still. Since exergy efficiency is the ratio of Exout and
Exin, the ratio of these two parameters is the highest (1.71%) at 17.00 and the lowest (0) at
9.00 a.m.

Table 3. Exergy analysis of SSSS, SSSS (LH) and SSSS (LH + SAH) at the depth of 3 cm.

Time Depth
SSSS SSSS (LH) SSSS (LH + SAH)

Exin Exout neff Exin Exout neff Exin Exout neff

9

3 cm

915.75 0 0 764.82 0 0 820.54 0 0

10 1130 0.30 0.027 866.51 0.25 0.03 1042.26 0.73 0.07

11 1170.74 0.35 0.03 996.12 0.39 0.04 1112.09 2.58 0.23

12 1221.48 1.24 0.10 1126.51 1.59 0.14 1153.37 4.91 0.42

13 1258.44 3.31 0.26 1139.60 6.41 0.56 1161.24 11.68 1.006

14 1002.19 4.80 0.48 939.70 9.90 1.05 965.61 14.58 1.51

15 801.77 7.50 0.93 483.83 12.45 2.57 761.5 17.90 2.35

16 708.70 8.14 1.15 335 13.17 3.93 454.27 22.75 4.98

17 606.22 10.37 1.71 111.71 14.88 13.33 92.58 16.05 17.33
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Table 4. Exergy analysis of SSSS, SSSS (LH) and SSSS (LH + SAH) at the depth of 6 cm.

Time Depth
SSSS SSSS (LH) SSSS (LH + SAH)

Exin Exout neff Exin Exout neff Exin Exout neff

9

6 cm

915.62 0 0 699.17 0 0 810.95 0 0

10 726.53 0.17 0.024 1111.27 0.66 0.06 772.42 1.05 0.13

11 1086.76 0.42 0.039 758.73 0.47 0.06 1232.56 2.38 0.19

12 1132.07 1.43 0.12 1013.70 2.25 0.22 1237.05 3.49 0.28

13 1114.50 1.76 0.15 944.47 2.35 0.25 1249.42 5.05 0.40

14 946.44 3.50 0.37 898.12 3.57 0.39 988.44 5.16 0.52

15 828.39 4.96 0.60 797.85 5.70 0.71 764.84 5.55 0.72

16 726.18 6.24 0.86 634.27 6.83 1.07 583.73 12.10 2.07

17 558.91 6.59 1.18 485.09 7.67 1.58 511.03 13.33 2.60

Table 5. Exergy analysis of SSSS, SSSS (LH) and SSSS (LH + SAH) at the depth of 9 cm.

Time Depth
SSSS SSSS (LH) SSSS (LH + SAH)

Exin Exout neff Exin Exout neff Exin Exout neff

9

9 cm

905.22 0 0 475.54 0 0 642.88 0 0

10 874.89 0.09 0.01 1110.06 0.71 0.06 626.53 0.05 0.07

11 1004.70 0.21 0.02 680.41 0.03 0.05 1128.63 1.13 0.10

12 1050.73 0.35 0.03 912.70 0.67 0.07 1166.03 3.31 0.28

13 1142.27 1.14 0.09 977.55 2.08 0.21 1076.51 4.50 0.42

14 1022.63 1.81 0.17 772.91 3.02 0.39 908.81 4.25 0.46

15 741.37 3.46 0.46 721.87 4.10 0.57 708.32 4.32 0.61

16 652.16 4.38 0.67 558.17 4.23 0.75 615.16 5.35 0.87

17 539.84 5.20 0.96 587.27 6.25 1.06 512.91 7.51 1.46

Table 6. Exergy analysis of SSSS, SSSS (LH) and SSSS (LH + SAH) at the depth of 12 cm.

Time Depth
SSSS SSSS (LH) SSSS (LH + SAH)

Exin Exout neff Exin Exout neff Exin Exout neff

9

12 cm

822.00 0 0 690.05 0 0 279.80 0 0

10 875.93 0.10 0.011 966.63 0.20 0.02 996.64 0.28 0.02

11 1123.90 0.20 0.018 894.78 0.42 0.04 1036.16 0.77 0.07

12 1033.44 0.12 0.011 1165.32 0.78 0.06 1033.48 0.93 0.09

13 1097.02 1.70 0.15 1241.56 2.25 0.18 1051.65 2.18 0.20

14 1006.56 2.52 0.25 955.03 2.59 0.27 902.31 2.70 0.29

15 810.99 2.57 0.31 658.86 2.94 0.44 743.90 3.57 0.48

16 641.67 2.44 0.38 708.64 2.86 0.40 559.44 3.09 0.55

17 530.19 2.75 0.51 542.57 3.79 0.69 643.83 5.66 0.87
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Table 7. Exergy analysis of SSSS, SSSS (LH) and SSSS (LH + SAH) at the depth of 15 cm.

Time Depth
SSSS SSSS (LH) SSSS (LH + SAH)

Exin Exout neff Exin Exout neff Exin Exout neff

9

15 cm

830.79 0 0 718.10 0 0 894.94 0 0

10 1033.49 0.01 0.013 843.56 0.17 0.020 1031.0 0.04 0.03

11 1134.62 0.16 0.014 959.68 0.21 0.022 1161.26 0.87 0.07

12 1042.92 0.50 0.048 1170.91 0.57 0.048 1169.92 3.23 0.27

13 1280.53 1.00 0.078 1200.36 0.97 0.080 1197.35 8.54 0.71

14 939.93 0.81 0.086 1170.60 2.36 0.202 1113.75 13.24 1.19

15 726.66 1.31 0.181 751.84 3.93 0.523 936.65 15.40 1.64

16 605.15 1.99 0.329 734.66 4.02 0.548 671.0 12.48 1.86

17 582.19 2.70 0.464 586.46 3.30 0.562 634.13 14.28 2.25

Similarly, the variation in Exin is 111.71–1139.6, 0–14.88 for Exout, and 0–13.33% for
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. Exin was found to be the highest at 13.00 (1161.24) and lowest at 17.00 h
(92.58). Exout was found to be highest at 17.00 h (16.05) and lowest at 9 a.m. (0). The exergy
efficiency follows the same pattern as the exergy outlet. The exergy efficiency is highest at
17 h (17.38%) and zero at 9 a.m.

From a comparison of all three types of solar stills, it can be concluded that both Exout
and
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are found to be highest for SSSS (LH + SAH) due to the combined effect of LH and
SAH and the lowest SSSS due to no additional effect.

Table 4 presents the exergy analysis of SSSS, SSSS (LH), and SSSS (LH + SAH) at 6 cm
basin water depth. The variations in all parameters were found to be similar for the system
performance at a depth of 3 cm. The exergy efficiency is found to be highest for SSSS
(LH + SAH), i.e., 2.60%, and lowest for SSSS (1.18%).

Tables 5–7 represent the exergy analysis for all three systems at the basin water depth
of 9 cm, 12 cm, and 15 cm. It follows the same trend as Tables 3 and 4. The highest exergy
efficiency for SSSS (LH + SAH) at a depth of 9 cm, 12 cm, and 15 cm are 1.46, 0.87, and
2.25, respectively. Additionally, the minimum exergy efficiency for SSSS (LH + SAH) at the
depth of 9 cm, 12 cm, and 15 cm are 0.07, 0.02, and 0.03, respectively

From the above study, it is concluded that the highest
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was obtained for all three
systems at the 3 cm basin depth and lowest at 12 cm and 15 cm water depth, as the heat
obtained at a depth of 3 cm is higher due to the presence of a lower amount of water in
comparison to the depth of 12 cm and 15 cm.

The cost of the solar still was analyzed, as shown in Table 8. It was found that the
maximum percentage of the cost was utilized in paraffin wax for the fabrication of the
system, i.e., USD 50, while the minimum cost was utilized in the freshwater tank, i.e., USD
5. The total sum expended for fabricating the SSSS (SAH + LH) amounted to USD 224. The
fabrication cost of the solar still, when compared to the other article, is high in heat storage
based SSSS assisted with SAH because of the presence of solar air heater and paraffin wax
as a phase change material. However, the heat storage material and assisted solar air heater
provide constant heat throughout the desalination process.
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Table 8. Cost of Latent heat storage-based SS.

Item Cost of SSSS Cost of SSSS (LH) Cost of SSSS (LH + SAH)

Wooden box 0$ 0$ 15$

Metal supports 12$ 12$ 22$

Reflectors 10$ 10$ 10$

Glass cover 10$ 10$ 21$

Fresh water tank 5$ 5$ 5$

Water copper basin 19$ 19$ 19$

Insulation material 5$ 5$ 11$

Feed water tank 8$ 8$ 8$

Installation and testing 25$ 30$ 38$

Paraffin 0$ 50$ 50$

Galvanized steel box 11$ 11$ 11$

Valves and pipes 5$ 5$ 14$

TOTAL 110$ 165$ 224$

5. Conclusions

Two types of latent heat storage materials were used to increase the yield of SS.
For both, the stills energy, exergy, and yield were analyzed. Additionally, an economic
analysis was performed while concluding the investigation. After due investigation, it
may be concluded that heat storing material, which in this case was paraffin wax, had a
noticeable effect on the productivity and performance of SS. The important conclusions are
summarized below:

• The efficiency of still with PCM and SAH was higher at 65.58% than a conventional
still efficiency.

• The heat storage medium had sourced heat to the solar still in the absence of sunshine
and provided a supplementary source of heat throughout the daytime.

• The definite shape of latent heat storage material in the cubical section is identified as
one of the best techniques to augment production.

• The daily yield of the conventional still increased by 44% with respect to the conven-
tional solar still.

• The average exergy efficiency of a single-slope solar still with latent heat storage
coupled with a solar air heater is 83.19% higher than a traditional solar still.

• Since melting is a lengthier process than solidification, this allows the warm water
to flow approximately at a constant temperature that is close to the melting point of
PCM for a longer period.

• A slope of 23.34◦ was found optimum for the collector, as the yield collected at this
slope was found to be maximum.

• As we know, for solar applications tilt angle is fixed. A better option is to keep the
slope of the still at an angle close to the site’s latitude.

• The incident solar radiation on the still comprises much of the irreversibility caused
due to the basin, water, and the absorbing plate of the solar collector.

Hence, from the above inferences, it is concluded that the utilization of a solar still
with SAH and PCM as energy storage is a sustainable and viable choice for potable
water production.
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