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Abstract
Conversion of saline water into freshwater by the use of solar thermal energy is known as solar desalination and the 
devices used for carrying out solar desalination are known as solar stills. The major problem faced by the solar stills is 
that they have low productivity and therefore unable to meet the high demand for freshwater. Over the years, several 
researchers have worked on improving the productivity of solar stills. Preheating of feed water, forced convection and 
energy storage are some of the methods used to increase their efficiencies. Some of these methods are discussed in the 
present review. The main aim of the current review is to provide the researchers with an idea to select the appropriate 
method for the improvement in the performance of currently available solar stills.
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1 Introduction

Almost 75% of the earth’s surface is covered by water. Only 
0.014% of this water is fit for human consumption. Most 
of the water present is in the form of brackish sea water 
which cannot be used directly [1]. The scarcity of clean 
freshwater is at a critical stage today in several countries. 
This type of crisis adversely affects agricultural and indus-
trial sectors which are essential for human survival and 
development. Therefore, there is an extensive need for 
utilization and development of water distillation systems. 
Electrodialysis and reverse osmosis are two common tech-
niques used for water distillation. In electrodialysis, a num-
ber of cells are connected in parallel between two elec-
trodes. These cells have various cation and anion exchange 
membranes that form dilute solution and concentrated 
solution compartments. When an electric field is applied, 
the salt ions are transported from one solution to another 
through these membranes [2]. The schematic of one cell 
pair electrodialysis is shown in Fig. 1.

Reverse osmosis process has a semi-permeable mem-
brane that provides a tortuous pathway to the water flow 
onto the permeate side. To overcome the osmotic pres-
sure, another pressure has to be applied. These mem-
branes can reject monovalent ions, molecules and other 
contaminants [3]. The schematic of reverse osmosis is 
shown in Fig. 2. However, these methods are expensive, 
complex and require skilled manpower for their opera-
tion and maintenance. Also, they are not portable which 
restricts their usage in remote areas. Solar distillation is a 
cheap and promising methodology for desalination appli-
cations. Solar radiation transmits through the glass cover 
of the still and is absorbed by the dark-colored insulator 
basin. This heat energy is then transferred to the water. 
Water also receives thermal energy through convection 
and radiation and evaporates. The water vapors condense 
on the inner surface of the sloped glass cover and trickle 
down towards the distillate container, while the impurities 
remain at the bottom of the basin [4]. The schematic of a 
conventional solar distillation unit is shown in Fig. 3. 
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There are several extensive studies on the testing of 
solar still for water desalination. These studies took into 
consideration the effect of factors such as ambient tem-
perature, solar radiation intensity, wind velocity, water 
depth, glass cover temperature and other parameters. 

The reported efficiency of single slope solar water distilla-
tion was in the range of 35–45% and productivity was less 
than 5L/m2 per day. Many types of design modifications 
have been applied by the researchers to overcome the low 
efficiency [5].

Modification of solar stills to make it compatible with 
small scale applications makes it imperative to have a 
clear understanding of the factors which affect the perfor-
mance and productivity of a solar still. Intensity of sunlight 
[6], depth of basin water [7], thickness of glass cover [8], 
slope of glass cover [9], wind velocity [10], temperature 
difference between water and glass plate [11], free sur-
face area of water [12] selective surface coatings [13] and 
insulation [14] are some of the factors which influence the 
working of a solar still. Meteorological parameters such as 
sunlight intensity and wind velocity cannot be controlled, 
but regulation of other controllable parameters has been 
used to study the effect on the productivity of solar stills. 
The present review aims to provide concise data for the 
researchers, involved in the design of a solar still, to gain 
quick insight into how different parameters affect the per-
formance of solar stills.

2  Classification of solar stills

Active and passive solar stills are two major classification 
of solar stills. The stills in which sunlight is used directly 
to evaporate the water comes under the category of pas-
sive solar stills. They do not rely on any external devices 
and operate on the Zeroth law of thermodynamics. In 
the active solar stills, some additional setup is used to 
enhance the heat transfer to accelerate evaporation. It can 
be done through some design modification, integration 
of an additional device or the combination of both. The 
solar stills can be further sub-classified into the following 
three categories.

2.1  Basin still

It is the most simple or conventional type of solar still. It 
is depicted in Fig. 3 and its mechanism has already been 
discussed above.

2.2  Wick still

The design of a wick type solar still is presented in Fig. 4. 
The wick is a porous material or cloth which is kept at the 
bottom of the container. The sunlight falling on it trans-
mits through the glass and absorbed by the wick’s sur-
face. Due to capillary action, the water flowing through the 
wick rises to its surface and gets heated by the absorbed 
thermal energy. The heated water evaporates and gets 

Fig. 1  Schematic diagram of one cell pair electrodialysis [2]

Fig. 2  Schematic diagram of reverse osmosis process

Fig. 3  Conventional solar distillation unit [4]
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condensed on the inner side of the glass plate by losing 
its latent heat of evaporation. These condensed droplets 
trickle down on the sloped glass surface and get collected 
in a container through the drainage provided for it.

2.3  Diffusion still

In this type of still, two surfaces which are maintained at 
hot and cold temperatures are held parallel to each other. 
The schematic of diffusion still is presented in Fig. 5. The 

gap thickness between these surfaces is kept very small to 
suppress convective heat transfer. The hot surface acts as 
a membrane between the cold side and the glass cover. 
Thermal energy from the sun is absorbed by the front side 
of this membrane. As water flows through the membrane, 
it evaporates and diffuses through the gap and gets con-
densed on the cold side. This water then gets collected 
into a container due to gravity. There have been many 
design modifications in the solar still since its conception. 
These modifications incorporated regulation of param-
eters affecting the solar still performance, the coupling of 
two or more distillation processes or the addition of a sep-
arate mechanism to enhance the productivity of the stills.

3  Parameters affecting the productivity 
of solar stills

3.1  Climatic conditions

The increase in the intensity of solar radiation improves 
the efficiency and productivity of the solar still. Particu-
larly, solar stills achieve their highest efficiency during 
the afternoon as during that time maximum solar radia-
tion intensity reaches the earth which increases the tem-
perature of the water and facilitates a faster evaporation 
rate. The speed of wind flowing over the glass plate also 
has a significant effect on the performance of solar still. As 
the wind speed increases, convective heat transfer from 
the top of the glass surface reduces its temperature. Due 
to this, more distillate condenses on the inner surface of 
the glass plate, increasing the productivity of the still.

3.2  Basin water depth

Several researchers have focused on the effect of water 
depth in increasing the productivity of a solar still. It is 
found to be an important factor and the rate of evapo-
ration in a still is found to be inversely proportional to 
basin water depth [16]. Tiwari, Sumegha and Yadav [17] 
investigated the effect of seven different depths of basin 
water (0.02 m, 0.04 m, 0.06 m, 0.08 m, 0.10 m, 0.12 m 
and 0.14 m) as shown in Fig. 6. The daily distillate out-
put was found to be above 3 kg/m2 at 0.02 m of water 
depth while it reduced continuously on increasing the 
depth and at a depth of 0.14 m, output decreased to 
only around 1.2 kg/m2. Elango and Murugavel [18] con-
ducted experiments on the single and double basin, 
double slope solar stills with varying basin depth. In 
both cases, the productivity of the units was found to 
decrease with increasing water depth. Rajamanickam 
and Ragupathy [19] investigated the influence of water 
depth on solar stills and obtained similar results. Khalifa 

Fig. 4  Wick-type solar still [15]

Fig. 5  Schematic diagram of diffusion still
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and Mahmood [20] tested the productivity of a solar still 
by varying the basin water depth by 1, 4, 6, 8 and 10 cm. 
The productivity was found to decrease by increasing 
the water depth as shown in Fig. 7. However, nocturnal 
productivity was found to increase with the increase 
in water depth. Experiments were also conducted by 
researchers on solar stills with deep basins [21]. As the 
depth of basin water is increased, there was a continu-
ous decrease in the daily productivity of the still, while 
the overnight productivity followed a reverse trend. The 
results of the experiment are depicted in Fig. 8. In a solar 
still, as the depth of the basin water increases the vol-
ume and volumetric heat capacity of water increases. 
Due to the increase in volumetric heat capacity, the tem-
perature of water reduces for the same solar intensity. 
This consequently leads to a low evaporation rate. Dur-
ing the night, the heat energy absorbed by the water 
is released and desalination continues to take place. As 
more volume of water absorbs more energy, the evapo-
ration for the shallow basin is less compared to a deep 
basin at night [22]. The basin water depth in the range 
of 2–6 cm has been recommended in most of the studies 

[23]. The effect of basin water depth on the productivity 
of solar stills in some of the studies has been presented 
in Table 1.   

3.3  Slope of the cover

It is observed that the slope of the cover of solar still 
directly affects its productivity [24]. A suitable inclination 
maximizes the absorption of sunlight and increases the 
flow of condensed droplets into the condensate container. 
The angle of slope should be such that it minimizes the 
reflection of sunlight from the cover and also that a suf-
ficient amount of condensed droplets trickles down to the 
collector instead of falling in the basin water [25]. As the 
change in slope brings about a number of changes in the 
still, its effect on the productivity of the still is the resultant 
of, but not limited to, following parameters:

Fig. 6  Variation in a distillate 
output and b efficiency with 
basin water depth [17]

Fig. 7  Daily and nocturnal productivity with basin water depth [20]

Fig. 8  Effect of change in basin water depth on efficiency and daily, 
daylight and overnight productivity [21]



Vol.:(0123456789)

SN Applied Sciences (2020) 2:511 | https://doi.org/10.1007/s42452-020-2291-5 Review Paper

1. The volume of air between the water surface and con-
densing cover. The increasing slope will increase the 
volume of air to be saturated. This will reduce the pro-
ductivity of the still.

2. An  increase in the slope increases the amount of 
reflected radiations by the cover which reduces the 
yield of the still.

3. If the slope is too low, the speed of the droplets flow-
ing on the inner surface of the cover will reduce. This 
will increase the chances of droplets falling in the 
basin instead of the condensate collector.

4. An increase in the slope will increase the surface area 
of the cover which means an increase in thermal 
losses.

Singh and Tiwari [26] investigated the annual yield of 
active and passive solar stills with varying climatic condi-
tions at different locations and found that maximum yield 
is achieved when the slope of the cover is same as the 
latitude of the place. The results for these locations are 
shown in Fig. 9. Khalifa and Mahmood [20] discovered that 
by varying the slope of glass cover alone could alter the 
productivity of a still by approximately 63%. Bilal et al. [27] 
investigated five different tilt angles of condensing cover 
of a solar still (15°, 25°, 35°, 45° and 55°) at Jordan (latitude 
30′58°) and found out that highest yield occurred at 35°. 

Velmurugan et al. [28] conducted experiments by inclining 
the cover plate at 10° at Madurai (latitude 9′92) and found 
promising results. Some of the researchers kept a different 
slope than the latitude. Al-hassan and Algarni [29] carried 
out experiments on a single basin solar still with an inclina-
tion of 45° at Syria (latitude 34′80). Ehssan et al. [30] kept 
the inclination at 30° in Egypt (latitude 26′82). Thus, the 
slope of the glass cover in the range of latitude angle ± 10° 
was deemed permissible by many researchers. For places 
with higher latitude than 20°, only single slope stills are 
preferable since in double slope still, one side will remain 
shaded for most of the time [31, 32]. Based on the review, 
the glass cover inclination close to the latitude of the loca-
tion would be optimum to absorb maximum radiation.

3.4  Thickness of the cover

The selective transmissivity of glass to transmit high fre-
quency (high energy) radiation while blocking low fre-
quency radiations makes it an excellent cover material for 
a solar still [33]. Ghoneyem and Ileri [6] experimented on 
a solar still by varying the glass cover thickness by 3, 5 
and 6 mm and found that using a 3 mm thick glass cover, 
the highest yield is obtained. As glass is a heat insulator, 
more thickness of glass will reduce the heat transfer from 
the top surface of the glass to the inside of the still; hence 
there will be a limit to the temperature achieved by the 
water present inside. However, a very thin layer will reduce 
the condensation rate at the glass cover. The glass cover 
thickness in the range of 3–5 mm has been found as opti-
mal by many researchers [34–36].

3.5  Material of the cover

The transmissivity of the cover material is an important 
parameter as discussed in the previous section. Other than 
that, the thermal conductivity of the cover also influences 
the yield of the solar still. Dimri et al. [37] investigated the 
yield of a solar still with three different condensing cov-
ers, namely copper, glass and plastic. The maximum yield 
was observed in the case of copper and minimum yield 
in the case of plastic as shown in Fig. 10. But, due to the 

Table 1  Summary of works on solar still related to brine depth

S. no. Type of still Location latitude Tilt angle Season/month Brine depth range (cm) Productivity 
enhancement (%)

References

1 Double slope 11′39° N 11° Winter 1, 2.5, 5 and 7.5 11 [19]
2 Single slope 28′37° N 10° November 2,4,6 and 8 34 [92]
3 Single slope 28′37° N 28′37° Winter 5,10 and 15 8 [93]
4 Double slope 30′58° N 5° – 0.5, 2, 3 and 4 23 [94]
5 Plastic 18′15° N 20° Winter 2, 4, 6, 8, 10 and 12 34 [95]

Fig. 9  Performance of solar still at different cover angles [26]
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vast cost difference between glass and copper, for a more 
cost-effective solar still, glass condensing cover is justi-
fied. However, there is very limited literature available on 
the effect of material cover and this area could be further 
explored.

3.6  Water–glass cover temperature difference

As the heat transfer between two surfaces is directly pro-
portional to the temperature difference between them, 
the water–glass cover temperature difference is a major 
driving force for the mechanism of a solar still. Abu-
Hijleh [38] cooled the top of the glass cover with water 
and observed a 6% increase in the efficiency of the still. 
Mousa [39] also observed a 20% increase in the efficiency 
of solar still by the use of water cooling film on the glass 
cover. Al-Garni [40] increased the temperature of the water 
by using a heater and observed a 370% enhancement in 
the productivity of the still due to the increased tempera-
ture difference between water and glass cover. Murugavel 
et al. [41] also used an electric resistance heater to heat 
the water and found an increase in productivity as the 
temperature difference is increased. Increased tempera-
ture of the water will increase the evaporation rate and 
the reduced temperature of glass cover will increase the 
condensation rate on its inner surface. Therefore, higher 
the water–glass cover temperature difference, more will 
be the productivity of the still.

3.7  Insulation material and thickness

During sunlight absorption, excess heat energy is 
absorbed by the basin water of a solar still. Unless there 
is proper insulation, this excess energy will be lost from 
the sides of the basin as waste heat. Hashim et al. [42] 

fabricated five different types of solar stills, one without 
insulation and other four with plywood, glasswool-ply-
wood, hay-plywood and 5 mm thick air gap as insulation. 
The productivities of solar stills were found to increase 
by 82%, 130%, 126% and 74%, respectively for stills with 
insulation compared to uninsulated solar still. Karag-
houli and Alnaser [43] reported an increase of 15% in the 
monthly average daily output of a solar still by the use of 
insulation. Sahoo et al. [14] observed that thermocol as an 
insulation material increases the efficiency by 11%. Styro-
foam, Polyurethane, wooden box with saw dust [21, 27, 
44] have also been used as insulation materials by many 
researchers. Khalifa and Hamood [45] reported that proper 
insulation thickness can increase the efficiency of a still 
by 80%. The effect of insulation on productivity and brine 
temperature is depicted in Fig. 11. Abdallah and Badran 
[46] investigated different insulation thickness in a solar 
still and found that the productivity of still with 6 cm thick 
insulation increased by 80% in comparison to 3 cm thick 
insulation. This is because the increased thickness of the 
insulation reduces the heat loss to the surroundings and 
the heat is supplied back to the water. In view of these 
findings, proper insulating materials should be used for 
the reduction of thermal losses from the sides and the 
base of the solar still.

3.8  Surface area of evaporation

Alaudeen et al. [12] reported that the productivity of solar 
still is directly proportional to the free surface area of the 
water as it increases the evaporation rate. More surface 
area means more absorber area that is exposed to direct 
sunlight, hence more increase in temperature of the water. 
Velumurugan et al. [47] integrated fins with solar stills to 

Fig. 10  Effect of various cover material on the yield of solar still [37]
Fig. 11  Effect of insulation on productivity and brine temperature 
[45]
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enlarge the surface area and reported an improvement of 
30% in the average daily production. Other studies have 
also confirmed this conclusion [48]. Kwatra [49] intro-
duced multiple basins in a greenhouse type solar still to 
increase the area of evaporation and observed an increase 
of 19.6% in the productivity of solar cells. Different meth-
ods to increase the evaporation area have been discussed 
further in the review.

4  Design modifications in solar stills 
to enhance the effect of design 
parameters

The performance of the solar stills can be enhanced by 
varying some operational parameters like increasing the 
inlet water temperature or by modification in the design of 
the still, the use of external and internal reflectors, stepped 
basin, use of wicks or coupling of external heating source.

4.1  Use of energy storage materials

The intermittent nature of solar energy makes it impera-
tive that energy storage methods should be employed to 
increase the productivity of the still when there is no sun-
light, especially at nights. Nocturnal productivity in a solar 
still can be enhanced by the usage of energy storage mate-
rials at the base like sand, gravel, rock pebbles. Ward [50] 
used black polycarbonate as an energy absorbing material 
at the bottom of the still and observed high productivity. 
Naim and El Kawi [51] found that charcoal bed at the basin 
enhanced the productivity by 15%. Naim and El Kawi [52] 
also performed experiments using phase change materi-
als as energy absorbing material and found a significant 
increase in productivity. Tabrizi et al. [53] investigated the 
use of paraffin wax as an energy storage material in a weir- 
type cascade solar still. While the daily productivity of the 
still with paraffin was lesser than that without paraffin, 
the nocturnal productivity of the former still was found 
to be higher. Shalaby et al. [54] also reported that the use 
of paraffin in a still with v-corrugated absorber increases 
the nocturnal productivity by 72.7%. The modified still is 
presented in Fig. 12. Velmurugan et al. [55] found that the 
pebbles are suitable energy storage materials in a solar 
still as they are a good absorber of energy during sunlight 
and release it at night. Hitesh [56] reported a 65% increase 
in the distillate output by the use of black granite gravel. 
The  use of black gravel and rubber as energy storage 
materials have been reported by Nafey [57] to increase 
the productivity by 19% and 20% respectively. Omara and 
Kabeel [58] investigated different types of sands as energy 
storage materials and found 42% enhancement by the use 
of black sand beds.

4.2  Use of porous materials

Usage of porous materials as absorber surfaces in solar 
still makes its top surface wet due to capillary effect due 
to which a thin layer of water is formed on the top. A thin 
layer of water means higher surface to volume ratio which 
helps in raising the water temperature quickly, conse-
quently resulting in more productivity. Most of the solar 
still employing porous materials are known as wick-type 
still. Arunkumar et al. [59] introduced carbon impregnated 
foam in a still and found a 35% increase in the productivity. 
Nafey et al. [60] reported a productivity increase of 15% 
and 40% at a brine depth of 3 cm and 6 cm, respectively by 
the use of a floating black perforated plate of aluminum. 
Rashidi et al. [61] observed the use of a reticular porous 
layer in the still which increases hourly productivity and 
efficiency. Abdallah et al. [62] investigated three different 
porous materials, namely coated metallic, uncoated metal-
lic wiry sponge and black rocks and found nocturnal yield 
enhancement by 28%, 43% and 60% respectively. Mina-
sian and Al-Karaghouli [63] found that use of a blackened 
jute cloth increases the productivity by 85%. Sengar et al. 
[64] also obtained a higher yield by using jute cloth. Some 
studies have also reported black light cotton cloth as an 
effective productivity enhancer for solar stills [65–67]. 
Omara et al. [68] reported about a 90% increase in pro-
ductivity by the use of a corrugated wick.

4.3  Use of reflectors

Reflectors are inexpensive and beneficial in increasing the 
distillate yield of a solar still. They are used to concentrate 
the solar radiation on the desired area which increases the 
heat flux received by that area. Waste heat energy from 

Fig. 12  Corrugated absorber single-basin solar still using PCM [54]
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the still is also reduced by the use of reflectors [69]. Many 
types of external and internal reflectors have been used 
by the researchers for increasing the efficiency of the stills 
[36]. Tamini [70] reported that the efficiency of a still can 
be increased by installing mirrors on its side walls. The effi-
ciency curve of a solar still with reflectors is presented in 
Fig. 13. Abdallah et al. [71] found that by using mirrors on 
the internal walls, the thermal performance of the still was 

improved by 30%. Karimi et al. [72] performed numerical 
modelling of a still with internal reflectors on front and 
side walls and observed an 18% increase in the efficiency. 
The efficiency of a stepped solar still of 53% was increased 
to 56% by the use of internal reflectors [73]. Tanaka and 
Nakatake [74] investigated the effect of a vertical flat plate 
external reflector on a tilted wick solar still and found a 
9% enhancement in the productivity. In another analysis 
by Tanaka and Nakatake [75], it is reported that a simple 
modification of adding a reflector with one-step azimuth 
tracking could increase the productivity of tilted wick solar 
still by 41%. Shanmugan et al. [76] used an external acrylic 
mirror to boost the performance of a solar still. The setup is 
depicted in Fig. 14. The mirror can be adjusted to the sun 
angle and it reflects the excess radiation to the water. The 
still efficiency was found to increase by 45%. El-Samodany 
[77] conducted an experimental study on a stepped solar 
still with internal and external reflectors and found a 165% 
increase in distillate production in comparison to conven-
tional still. Khalifa and Ibrahim [78] reported that the use of 
an internal reflector and a combination of the internal and 
external reflectors can boost the productivity of a solar still 
by 19.9% and 35.5%, respectively. 

4.4  Use of fins

The utilization of fins in the solar stills has been found to 
cause a significant improvement in their performance. Pre-
heating time for the brine reduces due to the extended 
evaporation surface area and an increase in the absorber 
area. Velmurugan et al. [28] observed a 45% increase in the 
productivity of the stills by the use of fins. Alaian et al. [79] 
investigated the use of pin fins in a solar still and reported Fig. 13  Effect of reflectors on the efficiency of solar still [70]

Fig. 14  Solar still with internal 
and external reflectors [76]
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a productivity rise of 23%. Ayuthaya et al. found use of 
fins increases the productivity of the still by 15.5% com-
pared to the conventional still [80]. Srivastava and Agrawal 
[81] reported that winter and summer yield of solar stills 
with the fin is 15% and 48% higher respectively than the 
conventional solar stills. The effect of fins on the compo-
nent temperature during winter and summer is shown in 
Fig. 15.

4.5  Use of integrated structures

Researchers have coupled a number of external devices 
and processes with the solar still to increase their thermal 
performance which leads to an increase in productivity. 
The integration of various improvement technologies has 
been done to increase the yield of a solar still. Tiris et al. 
[82] conducted an experimental analysis on a solar still by 
using a flat plate collector and found that the yield was 
increased by about 100%. Rai and Tiwari [83] combined 
a flat plate collector with a solar still and observed a 24% 
enhancement in the daily productivity. The schematic of 
a solar distillation unit with a flat plate collector is shown 
in Fig. 16. Another design of a parabolic shaped concen-
trator integrated with solar stills has also been found to 
increase its performance [84]. The schematic of this design 
is presented in Fig. 17. Abdel-Rehim et al. [85] modified 

the design of a solar still by integrating a parabolic trough 
collector, a simple heat exchanger and a focal pipe. A 
productivity enhancement of 18% is observed over the 
conventional still. Shafii et al. [86] coupled a conventional 
solar still with evacuated tube collectors (ETC) and ther-
moelectric modules. The use of ETC increased the yield of 
the system by 5%. Kumar et al. [87] developed a thermal 
model of a solar still integrated with ETC and predicted 
an improved performance. Figure 18 shows the sche-
matic of this model. The integration of heat pipes to the 
solar still is used to transfer the heat to it, which increases 
evaporation and hence productivity [88]. Abad et al. [89] 
integrated pulsating heat pipes as a  high performing 
thermal device to a solar still and observed remarkable 
production rate. Figure 19 shows the setup with pulsat-
ing heat pipes. El-Sebaii et al. [90] coupled a conventional 
solar still to a shallow solar pond in Tanta (latitude 30′47). 
Numerical and experimental analysis was carried out with 

Fig. 15  Effect of fin on the yield of solar stills in a winter and b sum-
mer [81]

Fig. 16  Schematic of a solar still with flat plate collector [26]

Fig. 17  Solar stills integrated with parabolic concentrator [84]
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a good agreement. The daily productivity was found to 
be enhanced by 52.36%. Velmurugan and Srithar [91] 
also integrated a solar pond to the conventional still and 
the productivity increased by 27.6%. The schematic of 
the setup and the results obtained are shown in Fig. 20. 
Integration with solar pond increases the temperature dif-
ference between the glass cover and basin water which 
results in a higher rate of heat transfer.    

Fig. 18  Solar still integrated 
with evacuated tube collector 
[87]

Fig. 19  Pulsating heat pipe coupled with solar still [89]

Fig. 20  a Solar pond integrated solar still and b Effect on productivity [91]
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Table 2  Literature on the modifications in solar stills and their effects on the productivity/efficiency of solar stills

S. no. Type of solar still Location/latitude Tilt angle Temperature (°C) Integration/modified 
parameter

Effect

1 Single slope single 
basin [37]

New Delhi (28°35′ N) 28.35° 19 Flat plate collector, 
condensing cover

Daily yield increases by 
6%

2 Single slope single 
basin [38]

Irbid (32°55′ N) _ 30 Cooling of glass cover 6% increase in efficiency

3 Single slope single 
basin [39]

Irbid (32°55′ N) _ 30 Cooling of glass cover 20% increase in efficiency

4 Double slope single 
basin [40]

Dhahran (26° N) 35° 25 Heater in the basin 370% increase in produc-
tivity

5 Single slope single 
basin/double basin 
[43]

Isa Town (26°16′ N) 36° 26 Styrobore Insulation 15% increase in monthly 
daily output

6 Single slope single 
basin [46]

Amman (31°95′ N) 32° 30 Sun tracking system 22% productivity 
enhancement

7 Greenhouse multi basin 
[49]

Chennai (13°08′ N) – 38 Evaporation area 19.6% gain in yield

8 Single slope single 
basin [59]

Chennai (13°08′ N) 13° 38 carbon impregnated 
foam

35% productivity 
enhancement

9 Single slope single 
basin [70]

Irbid (32°55′ N) 45° 30 Mirrors on side walls 
and black dye

Increase in hourly pro-
ductivity

10 single slope stepped 
basin [77]

Kafr El-Sheikh (31°11′ N) 30° 18 Reflectors and con-
denser

165% higher productivity

11 Single slope single 
basin [79]

Mansoura (31°04′ N) 17° – Pin-finned wick 23% increase in produc-
tivity

12 single slope single 
basin [91]

Madurai (9°92′ N) 10° 30 Solar pond integration 7.8% productivity 
enhancement

13 Single Slope Single 
Basin [92]

Jordan (30°58′ N) 35° 20 Flat plate collector Productivity increases 
by 36%

14 Single SLOPE SINGLE 
BASIN [93]

Baghdad (33°31′ N) 30° 28 Double pass internal 
condenser

Productivity increases 
by 7%

15 Passive double slope 
single basin [94]

New Delhi (28°35′ N) 30° 25 Addition of nanopar-
ticles

Daily yield increases by 
12.2%

16 Hemishpherical single 
basin [95]

Coimbatore (11° N) _ 32 Hemispherical top 
cover

Efficiency enhanced to 
42%

17 Single slope single 
basin [96]

11° N 25° – Energy storage material 20% increase in yield

18 Single slope single 
basin [97]

23°12′ 30° – Glass cover Thickness Lower glass cover thick-
ness increases yield

19 Double slope single 
basin [98]

Jordan (30°58′ N) 35° 25 Absorber material 
(black dye)

Productivity enhance-
ment of 60%

20 Double slope single 
basin [99]

Wadi El-dwaser (21°5′ 
N)

30° – Vibratory harmonic 
effect

Productivity increases 
by 70%

21 Single slope single 
basin [100]

Irbid (32°55′ N) 23° 21 °C Sponge cubes 273% increase in still 
production

22 Single slope single 
basin [101]

Tanta (30°78′ N) 15° – Finned basin liner 13.7% higher productiv-
ity

23 Single slope single 
basin [102]

Amman (31°95′ N) 32° 30 Asphalt basin and 
sprinkler

51% productivity 
increase

24 Double slope single 
basin [103]

Sohag (26°33′ N) 26.5° – Parabolic trough col-
lector

89% increase in summer 
productivity

25 Single slope single 
basin [104]

35° – PCM absorber and flat 
plate collector

Nocturnal productivity 
increased

26 Single slope single 
basin [105]

(30°78′ N) 30.47° – Graphite absorbing 
material

80.05% increase in daily 
productivity



Vol:.(1234567890)

Review Paper SN Applied Sciences (2020) 2:511 | https://doi.org/10.1007/s42452-020-2291-5

5  Conclusions

A review of research works dealing with different modi-
fications in solar stills for the improvement of their pro-
ductivity is carried out. A summary of the works stud-
ied for this review with modifications and their effects 
are presented in Table 2. The major conclusions of this 
review are as follows:

• The reduction of basin water depth increases the rate 
of evaporation, consequently increasing productivity.

• The cover tilt angle and direction also play important 
roles. The cover inclination angle equal to the latitude 
angle of location receives maximum solar radiation. 
It helps in getting maximum yield from the still.

• The optimum thickness of insulation according to the 
design of the still reduces the heat loss and increase 
the thermal efficiency of the still.

• Porous absorber materials in the basins increase the 
yield by as much as 273%.

• Sun tracking system is efficient in improving the per-
formance of the system.

• The integration of solar still with heat exchangers or 
collectors increases the thermal efficiency and pro-
ductivity of the system.

• 165% increase in productivity can be obtained by 
using reflectors and condensers.
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