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Abstract
The present study presents an enhancement in wick solar stills performance depending on using different aspect ratios with 
the same project area and wick materials, glass cover cooling, and external reflectors after practical knowledge of the best 
wick material type and dimensions. The proposed three stills (A), (B), and (C) have evaporation area dimensions of 1 × 0.85, 
1.5 × 0.57, and 2 × 0.425  m2, with an aspect ratio of 1.18, 2.63, and 4.71, respectively. The results revealed that the solar still 
with medium dimensions set has the best performance. Also, adding a top and bottom reflector to type (B) solar still with 
cotton cloth wicks increased the freshwater productivity and energy efficiency by 37.99 and 39.96%, respectively, compared 
to type (A) solar still with cotton cloth wicks. Moreover, the cost of one liter of freshwater distillate was decreased by 1.82%. 
Applying glass cover cooling on type (B) solar still with cotton cloth wicks increased the freshwater productivity and energy 
efficiency by 30.59 and 33.13%, respectively, compared to type (A) solar still with cotton cloth wicks. Furthermore, we have 
a decrement in the cost of one liter of freshwater distillate by 7.69%. Moreover, adding reflectors and cover cooling together 
to wick solar still increased the freshwater productivity and energy efficiency by 52.36 and 58.5%, respectively. On the other 
hand, the cost per liter of freshwater was reduced by 9.8%.

Keywords Solar desalination · Wick solar still · Different configuration · Wicks · Cover cooling · Reflectors

Introduction

The rapid worldwide industry and population growth lead 
to a massive increment in freshwater demand [1]. On the 
other hand, water which covers two-thirds of the earth’s area 
is not sufficient to supply this required freshwater. In many 
countries, fresh water shortage is a serious problem so much 
so that two million people lose their lives yearly due to this 
problem [2]. Water desalination is the right solution for the 
freshter shortage problem, but it depends on fossil fuels and 

requires high expenses [3]. To overcome the dependence of 
the desalination process on a non-renewable fuel source and 
reduce the process cost, solar stills are a perfect alternative. 
The solar still consists of a water basin that stagnates the 
brackish water, tilted glass cover over the basin, and insula-
tion around the still body [4]. When the still is exposed to 
the solar radiation, the water evaporates and condenses over 
the tilted glass cover. Then, the condensate is collected as 
the produced freshwater from the still. Solar stills are an 
inexpensive, simple, and reliable method to convert brackish 
water to potable water, especially in arid and semiarid areas. 
The most remarkable limitation associated with solar stills is 
their low freshwater productivity, so research presents a lot 
of studies and attempts to increase freshwater productivity.

Ongoing to the studies carried out to enhance solar still 
freshwater productivity, Sharshir et al. [5] concluded that 
freshwater output from solar stills depends on some un-
controlled metrological and some other controlled param-
eters. Solar radiation intensity, wind speed, and ambient 
temperature are metrological parameters which are posi-
tively proportional to the freshwater yield from the solar 
still. Increasing the temperature difference between water 
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and glass cover, decreasing water thickness, and improving 
insulation thickness are controlled actions that can enhance 
solar still freshwater yield. The glass cover inclination angle 
is a controllable parameter that affects the solar still freshwa-
ter yield. The best results are obtained by using a glass cover 
inclination angle equal to the latitude angle of the experi-
ment location [6]. As attempts to enhance the performance 
of the solar still, a lot of design changes were presented and 
investigated, such as tubular solar stills [7, 8], double-slope 
solar stills [9, 10], pyramid solar still coated with  TiO2 nano 
black paint [11], pyramid solar still with evacuated tubes 
[12], pyramid solar still with nanofluid [13], adding inter-
nal or external condensers [14], adding internal or exter-
nal reflectors, applying to cool on glass cover[15], fumed 
silica nanoparticle in black paint [16], activated carbon as 
a porous absorber [17], using wick materials[18], using 
hydrogel materials[19], using nanofluids/nanoparticles [20, 
21], using gravels or phase change materials [22], solar still 
with humidification–dehumidification [23, 24], ultrasound 
waves atomizer [25], thin film evaporation [26, 27], using 
airing multi-functional textile [28], wick-metal chips [29], 
and graphene oxide-based absorber [30].

Literature review

The present study presents an enhancement in solar stills 
performance depending on using different wick materials, 
glass cover cooling, and external reflectors after practical 
knowledge of the best wick material type and dimensions. 
So, the literature review will include a summary of some 
previous studies which apply wick materials, glass cover 
cooling, and reflectors techniques to improve solar stills 
performance. Every technique of the mentioned techniques 
will be individually discussed in the following subsections.

Improving solar still performance by wick materials

Applying wick materials in solar stills is a very simple and 
effective modification that directly enhances the freshwater 
productivity as it increases the solar radiation absorption and 
evaporation areas. The core idea of using these materials is 
to transport a little quantity of brackish water from its basin 
to the evaporation area by capillary action. So, it is easy to 
evaporate this small quantity of water. After evaporation, 
new brackish water comes again to the evaporation area. 
Many investigations depended on using wick materials to 
enhance solar stills performance, and they are reviewed and 
discussed in [31].

Ongoing to studies that applied different wick materi-
als configurations on solar stills, Alaian et al. [32] installed 
vertical finned wicks with pin shape on the basin of con-
ventional solar still by aid of steel wires. An experimental 

comparison between the modified and traditional solar still 
was carried out. The results revealed that using this pro-
posed wick material configuration can increase freshwater 
productivity of conventional solar still by 23%. On the other 
way, Abdullah et al. [33] experimentally investigated the 
performance of the conventional solar still with vertically 
and horizontally rotating jute wick belt under different oper-
ating conditions. A 300% augmentation in freshwater pro-
ductivity compared with traditional solar still was recorded 
by applying continuous turning the rotating wick on and off 
for 5 and 30 min, respectively. Kabeel [34] carried out an 
experimental study on pyramid solar still after changing its 
basin surface to a concave geometry and adding wick mate-
rials on it. The results showed an increment in freshwater 
productivity of 95.24% compared to conventional solar still 
reported in [35].

Improving solar still performance by reflectors

Adding reflectors to solar stills is a simple, cheap, and effec-
tive modification that increases the solar radiation directed 
to the basin water leading to enhancement in solar still fresh-
water productivity and energy efficiency. Omara et al. [36] 
presented a survey and discussion about studies associated 
with solar stills integrated into diverse designs of reflectors.

Tanaka [37] utilized internal and external reflectors to 
enhance conventional solar still performance. An experi-
mental study was carried out under outdoor winter condi-
tions in Kurume, Japan. The results illustrated that using 
reflectors in traditional solar stills leads to an increment in 
freshter productivity by 70–100%. Omara et al. [38] carried 
out a comprehensive study between conventional solar still 
and stepped single-slope solar still integrated with top and 
bottom reflectors. The stepped still with reflectors produced 
freshwater higher than conventional still by 125%. Further-
more, El-Samadony et al. [39] experimentally investigated 
the modified stepped single-slope solar still with top and 
bottom reflectors and external condenser. The comparison 
between the modified solar still and the conventional solar 
still revealed that the modified one has higher freshter pro-
ductivity by 165%.

Improving solar still performance by cover cooling

The higher the difference between evaporating and condens-
ing areas in the solar still, the greater the distillate output 
will be collected. So, the researchers presented various glass 
cover cooling techniques to enhance the performance of the 
solar still. Also, glass cover cooling gives another advantage 
of cleaning the cover from dirt and filth which inversely 
affects the still energy efficiency. Omara et al. [40] presented 
a detailed review of various cooling methods of solar still 
covers.
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Depending on enhancing the solar still performance by 
increasing the temperature difference between the glass 
cover and the basin, Somwanshi and Tiwari [41] applied 
water flow on the glass cover of the conventional solar still, 
collected this water, refresh it through a desert cooler and 
reapply it on the cover. The effect of this closed-loop cooling 
system on the still was studied under climatic conditions of 
different four locations in India. The results showed that the 
annual freshter productivity of conventional solar still can be 
augmented by 41.3–56.5% by adding this proposed cooling 
system. Also, Abdullah [42] cooled the glass cover of the 
single-slope stepped solar still by water flow and heated the 
stepped basin by a hot air obtained by a solar air heater. This 
combination of modification maximizes the temperature dif-
ference between the water basin and the glass cover, accel-
erating water evaporation and condensation processes. The 
comparison between the modified still and the conventional 
solar still highlighted a 112% increment in freshwater pro-
ductivity for the proposed modification. Moreover, Dhiman 
and Tiwari [43] theoretically investigated a multi-wick solar 
still with cooling water flow on its cover. The freshwater 
output was increased by 10%.

Researchers still search for successful ways to enhance 
the performance of solar still at a low cost and eco-friendly. 
From the literature review above, various types and shapes 
of solar stills are available: for example, single slope, dou-
ble slope, pyramid, stepped, inclined wick, and so on. All 
these types have various output freshwater productions and 
different thermal efficiencies. Additionally, to improve the 

performance of a solar still, some designs need external 
areas such as condensers, collectors, and so on to improve 
productivity and efficiency. But unfortunately, their invest-
ment needs a power source, and the cost of freshwater will 
be high as well as the thermal efficiency will be low.

This work innovatively proposed the combination of dif-
ferent various wick materials to get the best performance of 
the wick solar still, and using different aspect ratios (ARs) 
(1.18, 2.63, and 4.71 at the same projected area 1  m2) to get 
the best performance of the wick solar still. Furthermore, 
after we select the best wick material with the best aspect 
ratio a combination between reflectors and glass cooling is 
utilized to increase the thermal performance. Top and bot-
tom reflectors are utilized to increase the amount of solar 
radiation to the wick solar still. Also, using glass cover 
cooling decreases glass temperature and increases the tem-
perature difference between the glass and the wick surface, 
which improves water evaporation and water productivity. 
In addition, a cost analysis of the modified wick solar still 
is determined.

Test‑rig and measurement devices

All experiments were carried out in Shebin ElKom, Egypt 
(latitude 30.55° N, longitude 31.01° E) during August and 
September 2019. The experiment day starts at 7:00 am and 
ends at 5:00 pm (lasts for 10 h). Figure 1 shows a schematic 
illustration for the test-rig and its details and Fig. 2 illustrates 

Fig. 1  Schematic illustration for the test-rig
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pictorial photographs for the test-rig during experiments. 
Also, the experimental setup contains three-wick solar stills 
with back saline water basins. The three stills have the same 
evaporation area and water basin volume of 0.85  m2 and 0.03 
 m3, respectively.

On the other hand, they vary in dimensions. Types (A), 
(B), and (C) have evaporation area dimensions of 1 × 0.85, 
1.5 × 0.57, and 2 × 0.425  m2, respectively, while their water 
basin dimensions are 1 × 0.15, 1.5 × 0.1, and 2 × 0.075  m2, 
respectively, with a common height dimension of 0.2 m for 
all of them. All stills were fabricated from 1-mm-thickness 
galvanized steel, painted to prevent rust, insulated well with 
5 cm thermal insulation, and covered with 4 mm transparent 
glass. The interior of the stills was painted in black to absorb 
the maximum possible solar radiation. Glass cover area of 
stills (A), (B), and (C) is 1 × 1.02, 1.5 × 0.685, and 2 × 0.51 
 m2, respectively, with absorptivity 0.05, emissivity 0.88, and 
specific heat 800 J/m °C [44]. All glass covers are installed 
and sealed by using silicon sealant at an inclination angle 
of ~ 30° which approximately equals the latitude angle of 
the location of the experiment. In some conducted experi-
ments, we utilized top and bottom reflectors to increase the 
amount of solar radiation to the wick solar still, also using 
glass cover cooling to decrease the glass temperature and 
increase the temperature difference between the glass and 
wick surface which improve water evaporation and water 
productivity.

Experimental procedure

To the best of our knowledge, no one has studied the effect 
of changing the dimensional set off a constant evaporation 
area on the performance of solar stills integrated with wick 
materials. This study was carried out to study the effect of 

this parameter by using three types of solar stills with the 
same evaporation area but with different area dimensions. 
After that, the experiments were carried out to study the 
effects of adding reflectors, glass cover cooling, and both 
of them on the best dimensional set of solar stills integrated 
with the best wick material out of cotton cloth, cotton towel, 
and jute cloth.

Herein, the sequence of experiments will explain in 
detail. Firstly, the three solar stills were examined with the 
use of cotton cloth wicks. This experiment was carried out 
to know the best dimensional set for the solar still with wick 
materials. Secondly, the best solar still in the first experiment 
was tested under three different wick materials: cotton cloth, 
cotton towel, and jute wicks. After that, the top and bottom 
reflectors were integrated to the first best solar still type with 
the best wick material and compared with the second-best 
solar still type with the same wick material. Then, the previ-
ous experiment was repeated but with water flow for cooling 
of glass cover of the first best solar still, type in the state 
of integrating reflectors. Finally, the last experiment was 
repeated with both reflectors and cooling water flow with 
the first best solar still.

The top and bottom reflectors were installed at inclination 
angles recommended by [38]. The top and bottom reflec-
tors inclination angles were 15° and 50° in the clockwise 
direction according to the vertical and horizontal directions, 
respectively. Water flow for glass cover cooling was carried 
out by using nozzles connected to the saline water feed tank, 
flowing 6 L of water on the cover per hour. The wick materi-
als used in the experiments are cotton cloth, cotton towel, 
and jute cloth. To compare the capillary effect of the wick 
materials, specimens of them are sub-immersed in water 
mixed with red dye for 15 min. As shown in Fig. 3, the liquid 
reached heights of 21, 15, and 11 cm for cotton cloth, cotton 
towel, an1d jute cloth wicks, respectively.

Fig. 2  Photograph for the different designs of tested single-slope 
solar stills

Fig. 3  Illustration for capillary action effect of the used wick materi-
als
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The test-rig was suitably equipped with measuring 
devices to record the continuous variations of the different 
parameters in the tested solar stills. All measuring instru-
ments were calibrated before utilization. K-type thermocou-
ples were utilized to measure the temperature with an oper-
ating range of − 50 to 180 °C and accuracy of ± 1 °C. Solar 
radiation intensity was measured by TES-1333R solar meter 
with an operating range of 0 to 2000 W/m2 and accuracy 
of ± 10 W/m2. Wind speed was measured by GM816 digital 
vane-type anemometer with an operating range of 0.1 to 
30 m/s and an accuracy of ± 0.1 m/s. All dimensional meas-
urements were conducted with an accuracy of ± 0.5 mm. The 
freshwater distillate was measured by a cylindrical gradu-
ated tube with an accuracy of ± 2 ml. The following equation 
was used to calculate the uncertainty of an estimated value 
obtained from the measured parameters uncertainties such 
as calculation of energy efficiency uncertainty [45]:

where Ux is the uncertainty propagation of value X and Un 
are uncertainties values of independent variables xn.

Thermal performance calculation

Energy efficiency

The energy efficiency of every solar still was calculated to 
evaluate, analyze, and assess the performance of each still. 
Solar still efficiency can be calculated by dividing the latent 
heat of the freshwater distillate (FWD) on the harvested 
solar energy. The following equation has been used to cal-
culate the daily energy efficiencies of the tested solar stills 
during the experiment time (ET) [20]:

 where � is daily energy efficiency, ṁt,FWD is mass of fresh-
water distillate per hour (kg/h), hfg is the latent heat of 
vaporization (J/kg) which may be calculated by using Eq. (3) 
according to [46], I(t) is solar radiation intensity (W/m2), 
and AG is glass cover area  (m2).
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 where Tw is the average water temperature (°C).

Exergy efficiency calculation

Exergy analysis can be performed by applying the second 
law of thermodynamics, as exergy efficiency ( �EX ) repre-
sents the ratio of harvested exergy of evaporated water to 
input solar exergy. And that can be achieved by applying the 
following expressions [47].

In an MSSS and CSS, harvested exergy is an outcome 
of water evaporation, and therefore, the condensation of 
freshwater.

where Ta is the temperature of air (K) and Tw is the tempera-
ture of water (K).

The exergy input to SS ( Exsun
 ) can be estimated as coming 

from the sun through the solar radiation as follows:

where Ts is the temperature of the sun (6000 K).

Observation and results

Effect of different dimension on wick solar still 
performance with cotton cloth wicks

Variations in ambient parameters such as solar radiation 
intensity, ambient temperature, and wind speed accord-
ing to time were recorded and are plotted in Fig. 4a. Solar 
radiation intensity and ambient temperatures were 185 W/
m2 and 25 °C, respectively, at the beginning of the experi-
ment day (at 7:00 am). Then, solar radiation intensity and 
ambient temperature were continuously increasing until their 
maximum values at 12:30 pm. After that, these values were 
continuously decreasing until the end of the experiment day 
(at 5:00 pm). The maximum and last recorded solar radiation 
intensity values were 850 and 280 W/m2, while the maxi-
mum and last recorded ambient temperature values were 
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33 and 30 °C. The wind speed was varying during all the 
experiment days within the range of 0.1–1.5 m/s. Wicks and 
glass cover temperature variations of all tested solar stills 
types were recorded and are plotted in Fig. 4b and c. All 
temperature variation curves look like an inverted bell with 
a maximum value at 12:30 pm. The maximum wicks tem-
perature for type (B) was 73 °C, which was higher than type 
(C) by 2.82% and lower than type (A) by 2.74%, while type 
(B) maximum glass cover temperature was 58 °C, which 
was higher than type (C) by 1.75% and lower than type (A) 
by 3.45%.

Hourly freshwater distillate of studied different solar 
stills is illustrated in Fig. 5a. Type (B) solar still has the 
highest productivity as its dimensional set maintains the 
water existence at the right amount in the wick materials 
without dry spots or excess water. At the beginning of the 
experiment day (at 7:00 am), the freshwater distillate of 

all stills was still zero, but it was increasing till its maxi-
mum value at 12:30 a.m., and then, it was decreasing till 
the end of the experiment day. The maximum value of type 
(B) freshwater distillate was higher than types (A) and (C) 
by 13.92 and 16.88%, respectively. As shown in Fig. 5b, 
the accumulated freshwater distillate of type (B) solar still 
was higher than types (A) and (C) by 16.31 and 22.41%, 
respectively. Moreover, energy efficiency calculations 
revealed that types (A), (B), and (C) solar stills with cotton 
cloth wicks have an efficiency of 39.81, 47.38, and 38.14%, 
respectively.

Effect of different wick materials on wick solar still 
performance

Hitherto, the dimensional combination of type (B) solar 
still showed the best results, so it was tested under different 

Fig. 4  Plot for some measured parameters during testing of all solar stills types with cotton cloth wicks (a) ambient conditions during the experi-
ment day, (b) wicks temperature of all tested solar stills, and (c) glass cover temperature of all tested solar stills.
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capillary materials: black cotton cloth, black cotton towel, 
and black jute cloth wicks. In this section, the results of test-
ing these materials with type (B) solar still will be presented. 
The hourly and accumulated freshwater distillate is shown in 
Fig. 6a and b, respectively. Using black cotton cloth gave the 

highest reshwater distillate, which led the distillate obtained 
from using a black cotton towel and black jute cloth by 19.17 
and 24.14%, respectively.

Fig. 5  Productivity of all solar 
still types with cotton cloth 
wicks (a) hourly and (b) accu-
mulated freshwater distillate
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Effect of cotton cloth and reflectors on the wick 
solar still performance

Figure 7a shows the variations of metrological conditions 
during the experiment day. At the beginning of the experi-
ment (at 7:00 am), the solar radiation intensity and ambi-
ent temperatures were 195 W/m2 and 28 °C, respectively. 
At 12.30 pm, the solar radiation and ambient temperature 
reached their maximum values which were 890  W/m2 
and 34 °C, respectively. At the end of the experiment day 
(at 5:00 pm), the solar radiation intensity was 270 W/m2, 
while the ambient temperature was 31 °C. Wind speed was 

randomly changing during all the experiment day within the 
range of 0.78 and 1.5 m/s. Figure 7b shows the variations 
of wicks and glass cover temperatures concerning time for 
types (A) and (B) solar stills. Adding reflectors to type (B) 
solar still led to a maximum wick temperature of 78 °C at 
12:30 pm which was higher than type (A) solar still by 4% at 
this time. The beginning, maximum, and end recorded val-
ues for the type (B) glass cover temperature were 27, 61, and 
38.5 °C, respectively, while these values for type (A) glass 
cover changed to 26, 58, and 37 °C, respectively. Depending 
on hourly and accumulated freshwater distillate shown in 
Fig. 7c and d, respectively, adding a top and bottom reflector 
to type (B) solar still with cotton cloth wicks increases the 

Fig. 6  Illustration of type (B) 
solar still productivity with 
different capillary materials 
(a) hourly and (b) accumulated 
freshwater distillate
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productivity by 37.99% compared to type (A) solar still with 
cotton cloth wicks. According to energy efficiency calcula-
tions, the efficiency of type (B) solar still with cotton cloth 
wicks and reflectors was 55.72% which was higher than type 
(A) solar still with cotton cloth wicks by 39.96%.

Effect of cotton cloth and cover cooling on the wick 
solar still performance

The beginning values of solar radiation intensity and ambi-
ent temperature at 7:00 am were 175 W/m2 and 26 oC, 
respectively, thereafter these values were increasing till 
reaching their maximum values; 885 W /m2 and 34 °C, 
respectively, at 12:30 pm. After that, they were decreasing 
until the end of the experiment day at 5:00 PM. At that time, 
solar radiation intensity and ambient temperature recorded 
265 W/m2 and 29 °C, respectively. Wind speed was chang-
ing randomly within a range of 0.2–1.5 m/s. Figure 8a shows 
variations in measured metrological parameters with respect 
to time during the experiment day. Variations in wicks, glass 
cover, and cooling water temperatures were measured and 
recorded in Fig. 8b. The cooling water temperature ranged 
between 25 and 33 °C. At noon (12:00 pm), the temperature 
difference between wicks and glass cover for type (B) solar 

still with cotton cloth wicks and glass cover cooling was 
25 °C, while type (A) solar still with cotton cloth wicks 
recorded only 11 °C. So, the freshwater productivity of type 
(B) solar still was higher than type (A) solar still as shown 
in Fig. 9c and d. For example, type (B) solar still was higher 
than type (A) solar still by 20.78% in hourly freshter distil-
late at 12:30 PM. Moreover, the accumulated freshter dis-
tillate of type (B) solar still was higher than type (A) solar 
still by 30.59%. Energy efficiency calculations showed that 
type (B) solar still with cotton cloth wicks and glass cover 
cooling has an energy efficiency of 53% which was higher 
than type (A) solar still with cotton cloth wicks by 33.13%. 

Effect of cotton cloth wicks, reflectors, and cover 
cooling on the wick solar still performance

At 7:00 am, the solar radiation intensity was 200 W/m2, 
while the ambient temperature was 26 °C. Then, they were 
increasing to their maximum values at 12:30 pm. The maxi-
mum values of solar radiation intensity and ambient tem-
perature were 900 W/m2 and 34 °C, respectively. At the 
end of the experiment day (at 5:00 pm), the solar radiation 
intensity recorded 250 W/m2. At the same time, the ambient 
temperature was 31 °C. Wind speed was changing randomly 

Fig. 7  Effect of adding reflectors to type (B) solar still with cotton cloth wicks compared to type (A) solar still with cotton cloth wicks (a) metro-
logical conditions, (b) wicks and glass cover temperatures, (c) hourly freshwater distillate, and (d) accumulated freshwater distillate



526 International Journal of Energy and Environmental Engineering (2021) 12:517–530

1 3

between maximum and minimum levels of 0.8 and 2.2 m/s. 
Figure 9a illustrates variations in ambient conditions during 
the experiment day. Variations in wicks, glass cover, and 
cooling water temperatures were recorded and are plotted in 
Fig. 9b. The cooling water temperature ranged between 24 
and 33 °C. In the afternoon (at 1:00 PM), the temperature 
difference between wicks and glass cover for type (B) solar 
still with cotton cloth wicks, reflectors, and glass cover cool-
ing was 26.5 °C. In contrast, type (A) solar still with cotton 
cloth wicks recorded only 14 °C. This increment in tempera-
ture difference between evaporation and condensation areas 
in type (B) solar still is a result of using reflectors and glass 
cover cooling and led to an increment in freshwater produc-
tivity as shown in Fig. 9 (c) and (d). For example, type (B) 
solar still freshter distillate was higher than type (A) solar 
still by 66.67 and 77.78% at 10:00 am and 3:00 pm, respec-
tively. Furthermore, accumulated freshter distillate of type 
(B) solar still was higher than type (A) solar still by 52.36%. 
According to energy efficiency calculations, type (B) solar 

still with cotton cloth wicks, reflectors, and glass cover cool-
ing had an efficiency of 63.1% which was higher than type 
(A) solar still with only cotton cloth wicks by 58.5%.

Finally, the average daily exergy efficiency of type A, 
type B, and type C wick solar still with different aspect ratio 
was 3.65%, 4.05%, and 3.11%, respectively, as illustrated in 
Fig. 10. Furthermore, the average daily exergy efficiency 
of type B with cooling, type B with reflectors, and type B 
wick solar still with cooling and reflectors was found to be 
4.55%, 4.9%, and 5.36%, respectively. The combined effect 
of type B with cooling and reflectors coating increased the 
exergy efficiency of wick solar still by 46.84%, compared to 
conventional wick solar still type A, and 32.34% compared 
to conventional wick solar still type B without any modifi-
cations, respectively. This was due to cooling and reflectors 
activated carbon with high energy storage capacity, which 
leads to significantly augmented exergy.

Fig. 8  Performance of type (B) solar still with cotton cloth wicks and glass cover cooling and type (A) solar still with cotton cloth wicks (a) met-
rological variations, (b) measured temperatures variations, (c) hourly freshter distillate, and (d) accumulated freshter distillate
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Comparison between present work and previous 
literature

Herein, a comparison between the present work and previ-
ous literature depending on the cost of produced freshter 
and augmentation in freshwater productivity was carried out. 
Table 1 summarizes this comparison.

Cost analysis

To assess the proposed solar stills from a financial point 
of view, a cost analysis was carried out as illustrated in 
Table 2. In this section, the accomplished cost analysis was 
described. The total number of configurations in all experi-
ments is eight. These eight configurations are type (A) with 
cotton cloth wicks, type (B) with cotton cloth wicks, cotton 
towel wicks, jute cloth wicks, cotton cloth wicks and reflec-
tors, cotton cloth wicks and glass cover cooling, cotton cloth 
wicks, and both of reflectors and glass cover cooling, and 

Fig. 9  Performance of type (B) solar still with cotton cloth wicks, 
reflectors, and glass cover cooling and type (A) solar still with cot-
ton cloth wicks (a) ambient conditions variations, (b) measured tem-

peratures variations, (c) hourly freshter distillate, and (d) accumulated 
freshwater distillate

Fig. 10  Average daily exergy efficiency for different cases
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type (C) with cotton cloth wicks. To get the annual freshwa-
ter output from the accumulated daily freshwater distillate, 
multiply it by only 270 days. However, the sun rises almost 
all days of the year in Egypt so that the obtained results are 
reliable and true although the experiments were not carried 
out over all the year [48]. By the aid of the following equa-
tions which were described by [10], Table 2 is established 
to evaluate the total cost of one liter of produced freshwater 
for every configuration.

 
where LTC is the total cost of one liter of freshwater, CTA 

is a total annual cost which can be calculated by Eq. (8), and 
FWDTA is total annual freshter distillate.

(7)LTC =
CTA

FWDTA

(8)CTA = CAF + CAOM − VAS

Table 1  Comparison between present work and previous literature

Reference, location Modifications Increment in 
productiv-
ity, %

Cost per fresh 
water liter, $/L

Present work, Shebeen El-Kom, Egypt Changing dimensions of the same evaporation area for 
single-slope solar still with cotton cloth wicks

22.41 0.0111

Adding top and bottom reflectors to single-slope solar 
still with cotton cloth wicks

37.99 0.011

Adding glass cover cooling to single-slope solar still 
with cotton cloth wicks

30.59 0.0104

Adding top and bottom reflectors and glass cover cool-
ing to single-slope solar still with cotton cloth wicks

52.36 0.0102

Alaian et al. [32], Mechanical Power Department, Fac-
ulty of Engineering, Mansoura University, Egypt

Vertical pin-finned wick materials supported by steel 
wire in conventional solar still

23 Not given

Abdullah et al. [33], University of Prince Sattam bin 
Abdulaziz, Al Kharj, KSA

Vertically and horizontally rotating jute cloth belt in 
conventional solar still

300 0.027

Kabeel [34], Tanta University, Egypt Concave basin geometry with wicks in pyramid solar 
still

95.24 0.065

Tanaka [37], Kurume, Japan Internal and external reflectors in conventional solar 
still

70–100 Not given

Omara et al. [38], Faculty of Engineering, Kaf-
relsheikh University, Kafrelsheikh, Egypt

Stepped single-slope solar still with top and bottom 
reflectors

125 0.031

El-Samadony et al. [39], Kafrelsheikh, Egypt Stepped single-slope solar still with top and bottom 
reflectors and external condenser

165 0.036

Somwanshi and Tiwari [41], India Closed-loop water cooling system for the cover glass 
of a conventional solar still

41.3–56.5 0.01–0.013

Abdullah [42], Faculty of Engineering, Tanta Univer-
sity, Egypt

Water cooling for the single-slope glass cover and 
heating the stepped basin by hot air obtained by solar 
air heater

112 Not given

Dhiman and Tiwari [43], theoretical study Water cooling for the cover of a multi-wick solar still 10 Not given

Table 2  Detailed cost analysis

Item Type 
(A) + cot-
ton cloth

Type 
(B) + cot-
ton cloth

Type 
(B) + cotton 
towel

Type 
(B) + jute 
cloth

Type (B) + cotton 
cloth + reflectors

Type (B) + cot-
ton cloth + cover 
cooling

Type (B) + cot-
ton cloth + reflec-
tors + cover cooling

Type 
(c) + cotton 
cloth

C
F
 , $ 51 59 62 58 69 61 71 60

C
AF

 , $ 9.03 10.44 10.97 10.27 12.21 10.8 13.98 10.62
C
AOM

 , $ 2.71 3.13 3.29 3.08 3.66 3.24 4.19 3.19
C
TA

 , $ 11.15 12.9 13.56 12.68 15.09 13.34 17.28 13.12
FWD

TA
 , L/year 995.96 1166.4 978.75 939.6 1372.95 1285.2 1528.21 951.75

L
TC

 , $/L 0.0112 0.0111 0.0139 0.0135 0.011 0.0104 0.0102 0.0138
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 where CAF is an annual fixed cost, CAOM is annual operating 
and maintenance cost, and VAS is annual salvage value. All 
of these values were calculated by Eq. (9).

 where CF is fixed cost and FR is a recovery factor which is 
calculated by knowing annual interest value ( i = 12% ) and 
life years of the system ( n = 10).

 where S is salvage value and equal to 20%CF and FSF can be 
calculated as follows:

Conclusions

In this paper, three-wick solar stills with different aspect 
ratios but with the same evaporation and condensation areas 
were experimentally investigated. The first best solar still 
was type (B), and it was tested with three different wick 
materials: cotton cloth, cotton towel, and jute cloth. Cotton 
cloth wicks showed the best results as it has the best cap-
illary action out of all these wicks. Then, top and bottom 
reflectors were added to type (B) solar still with cotton cloth 
wicks and compared with type (A) solar still with cotton 
cloth wicks. The previous experiment was repeated twice 
but one time was with glass cover cooling in state of reflec-
tors and the other time was with both reflectors and glass 
cover cooling. On the light of the discussed results and cost 
analysis, we can conclude as follows:

Type (B) solar still with its medium dimensions showed 
higher freshwater productivity than type (A) and type (C) 
solar stills by 16.31 and 22.41%, respectively.
Using cotton cloth wicks with type (B) solar still gave 
higher freshter productivity than using a cotton towel and 
jute cloth wicks by 19.17 and 24.14%, respectively.
Adding top and bottom reflectors to type (B) solar still 
with cotton cloth wicks increased the freshter productiv-
ity and energy efficiency by 37.99 and 39.96%, respec-
tively, compared to type (A) solar still with cotton cloth 
wicks. Moreover, the cost of one liter of fresh water distil-
late was decreased by 1.82%.

(9)CAF = CF × FR

(10)FR =
i(1 + i)n

(1 + i)n − 1

(11)CAOM = 0.3 × CAF

(12)VAS = S × FSF

(13)FSF =
i

(i + 1)n − 1

Applying glass cover cooling on type (B) solar still with 
cotton cloth wicks increased the freshwater productivity 
and energy efficiency by 30.59 and 33.13%, respectively, 
compared to type (A) solar still with cotton cloth wicks. 
Furthermore, the cost of one liter of freshwater distillate 
was reduced by 7.69%.
Adding reflectors and glass cover cooling for type (B) 
solar still with cotton cloth wicks increased the freshwater 
productivity and energy efficiency by 52.36 and 58.5%, 
respectively. On the other hand, the cost per liter of fresh-
water was reduced by 9.8%.
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