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Abstract
People around the world are facing water scarcity, and the demand for freshwater is continuously increasing. The purification
of water is the only way to satisfy the need for water. Purification can be done in many ways by purifying seawater or by stor-
ing rainwater and letting it to the ground. Different types of solar still are there, which are used to increase the output of water
produced. Among others, inclined solar still (ISS) is an outstanding solution as it has a wide exterior area of water, having
less depth of water to complement the regular potable water production, even the effectiveness of the inclined solar still. A
lot of research had been done by increasing the surface area of water. The day to day collection of water from the ISS was
found to be 1–8 kg m−2. In this review, an analysis was made on the current status of different ISS designs to make advance
modifications and research to improve the productivity of the ISS to satisfy the increasing demand for potable water. From
this investigation, it is identified that active ISS and hybrid ISS are the most effective as compared to other ISS techniques.

Keywords Renewable energy · Desalination · Inclined solar still · Potable water · active

Nomenclature
mf .w - mass flow rate of water (kg s−1)
mw - water mass (kg)
dw - water depth (m)
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Introduction

As a result of the crisis in the water, a few techniques
on the desalination process based on renewable energy
methods paved the way for getting pure and fresh drinking
water. In recent years, many solar still with enhanced fresh-
water production were developed (Thakur et al. 2021a, b;
Arani et al. 2021; Prasad et al. 2021; Chandrika et al. 2021;
Balachandran et al. 2021; Chamkha et al. 2020; Pansal
et al. 2020). The conventional solar still (CSS) is cheap
in production and low in maintenance cost which makes
it more economical. This type of solar still can be made
using locally available material. The basin is coated with
black paint as the black surface absorbs more heat. Heat loss
from the basin is prevented using insulating materials like
wood and sawdust are used. Brackish water is placed inside
the still basin for quick evaporation. Due to partial pressure
created, the water gets evaporated and formed in the form
of water droplets in the inner surface of glass due to con-
densation. The glass remained tilted as the water droplets
accumulated on the inside surface of the glass due to evapo-
ration and condensation, which fall down to the bottom and
are stored as freshwater in a separate tank. A different modi-
fication has been already carried out in solar still to increase
productivity. Among various modifications in conventional
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solar still, improvements were also made in inclined solar
still to improve the freshwater yield (Singh et al. 2018;
Ghaffour et al. 2013, 2015; Manokar et al. 2019a; Singh
and Tiwari 2017; Murugavel et al. 2013). Some changes
were added to the ISS in design by increasing the area, the
length of the flow of water, etc. The performance of ISS
was improved as compared to CSS, by these additional fea-
tures (Kaviti et al. 2016). Many researchers made several
modifications to increase the potable water production rate,
among which the wick-type solar still is the most effective
(Manikandan et al. 2013). Humidification and dehumidifi-
cation are done to improve the yield of freshwater (Srithar
and Rajaseenivasan 2018). Pyramid solar still (PSS) was
recently developed by Nayi and Modi (2018). The produc-
tion rate of stepped solar still (SSS) was reported by Kabeel
et al. (2015). Solar still with reflectors were reviewed by
Omara et al. (2017). Thermal and exergy investigation of
solar still was done by Sharshir et al. (2017). The enhance-
ment of solar still efficiency was published by Sivakumar
and Sundaram (2013). A review on the assessment of vari-
ous thermal models on solar still was carried out by Elango
et al. (2015). Improvement in the design of multi-effect solar
still was reported by Rajaseenivasan et al. (2013). Reviews
on energy, exergy, and thermo-economic of solar still were
made by Ranjan and Kaushik (2013). Various modifications
on solar still were reviewed by Durkaieswaran and Muru-
gavel (2015), El-Sebaii and El-Bialy (2015), Panchal and
Patel (2017), Samee et al. (2007), and Kumar et al. (2015). A

different factor affecting the solar still production has been
published by Manokar et al. (2014), Muftah et al. (2014), and
Velmurugan and Srithar (2011). Active solar still distilla-
tion system was reported by Sathyamurthy et al. (2017),
Sampathkumar et al. (2010), M and Yadav (2017), Muthu
Manokar et al. (2018), and Manokar et al. (2018a). Muru-
gavel et al. (2013) reviewed different methods used to
increase the effectiveness of the ISS and compared their per-
formance of the work done by the researchers until 2013.
Kaviti et al. (2016) reviewed the development in the design
of the ISS which enhanced the productivity of the ISS and
explains the work done until 2015. This review work exp-
lains the development and recent advancement and techno-
logies implied in inclined solar still until 2019. The objec-
tive of this review is to comprehensively discuss the devel-
opments and modifications done in the ISS. This review
helps future researchers in the solar still desalination domain
to get a clear view about the advancements done in the ISS.

Classification of ISS

The best method to improve the rate of output other than
conventional methods can be achieved by using ISS. It is
classified into different techniques such as WISS, external
and internal reflectors, weir type. Water stagnant improved
by the gravity method for the free flow of water. The water
flow can be controlled naturally by its depth. ISS was

Fig. 1 Classifications of ISS
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designed by Egelioglu et al. (2013). El-Agouz et al. (2015)
reported the effect of solar intensity by doing some experi-
mentation and investigation by keeping the wick on the
plate and the incline the solar still for the day to day yield
of freshwater. The problem aroused in the system was the
higher glazing temperature because as this evaporation rate
increases, it has to be reduced. Figure 1 shows the classi-
fication of ISS. Based on the design and the modification,
ISS is categorized as follows:

Basin-type ISS

The CSS is capable of producing less freshwater because
it does not maintain the water depth (dw) and enlarged
surface area of water. ISS has been used instead of CSS as
the best alternative method to enhance the contact area of
water by tilting the absorber surface of the ISS to certain
angles, and ISS has the ability to maintain the dw. The
ISS provides high yield and efficiency than the CSS due to
its property of maintaining a thin layer of water over the
absorber plate of still by positioning the solar still in an
inclined position, which results in increased evaporation and
enhanced condensation. The ability to maintain a thin layer
of water surface over the absorber surface in the ISS and
capable of producing both fresh and warm water at the same
moment is the important feature of ISS, which is lacking on
the CSS.

Single-basin ISS

El-Agouz et al. (2015) performed experiments on contin-
uous flow ISS. Figure 2 shows the ISS with and without
makeup water. In this study, El-Agouz et al. (2015) analyzed
the performance of ISS desalination by presenting a mathe-
matical model. Experiments were conducted by flowing the
continuously over the ISS with a different configuration and
compared the yield analysis of this continuous water flow–
type ISS with CSS. The three different structures of ISS
are an open loop ISS (model 1), a closed-loop ISS without
(model 2), and with makeup water (model 3). The effects of
the water mass (mw), water film thickness, water film veloc-
ity, and air wind velocity on the performance of 3 models are
calculated. From the mathematical model, it has been sum-
marized that the results of these experiments show that as
the film of water thickness and velocity increased, the per-
formance of the system model 1 is decreased, that of model
2 is increased, and that of model 3 is increased. Decreas-
ing mw and increasing the speed of air lead to augmented
efficiency and productivity of all models. The ISS with the
makeup water increases the yield rate of about 57.2% when

Fig. 2 ISS a without makeup water and b with makeup water (El-
Agouz et al. 2015)

compared with the CB-SS. Model 1 gives the lowest perfor-
mance; model 3, having the ISS with makeup water, gives
the highest performance. The use of ISS with an open water
loop was suggested for certain desalination systems because
of their high temperature of wateroutput.

Double-basin ISS

Aybar et al. (2016) investigated the performance of single-
and double-basin ISS (SB-ISS and DB-ISS) by using the
bare plate and black fleece through an experimental inves-
tigation under Northern Cyprus environmental conditions.
Unlike CSS, this model has the capability of yielding both
potable water and hot water simultaneously. Water from the
tank was fed through the pipe into SB-ISS and DB-ISS.
The feed water is made to gradually flow over the bare
plate of SB-ISS still and also in the two sections of DB-
ISS (the lower section has bare plate, and the upper section
has glass). Figure 3 shows the schematic view of the SB-
ISWD and the DB-ISWD. Then, the sun radiates on both of
the systems, which makes the water start to evaporate and
droplet formation in the inner glass surface, which the inter-
action with ambient gradually reduces the temperature of
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Fig. 3 Schematic view of the SB-ISWD and the DB-ISWD (Aybar et al. 2016)

glass for condensation. Finally, the condensed water from
the glass surface collected by the channel is freshwater from
a solar still. The unevaporated feed water is heated by solar
radiation and is collected as hot water from the ISS. This
experimental study has two variants, namely bare plate and
the surface of the bottom plates, covered with the black
fleece conducted in two solar still distillation systems which
are then named as the first and second tests, respectively.
As a result of the first test with a bare plate on both solar
stills, the DB-ISS is better than the SB-ISS in yielding high
freshwater and improved efficiency. From the experimental
results of the second test with black fleece wick, the dis-
tillate yield and the productivity of DB-ISS are better than
those of SB-ISS. Thus, the production of freshwater rate and
efficiency of both stills are greater with black fleece wick
when compared with solar stills with a bare plate.

ISS with baffles

Sathyamurthy et al. (2016) and PK et al. (2017) conducted
experiments to study and compare the productivity of
ISS with and without baffles. Figure 4 projects the
representation of an ISS with baffles. Both theoretical and
experimental analyses were carried out on the experimental
model. From the study, it came to knowledge that the evapo-
ration of water inside the ISS and the yield of freshwater
are fully reliant on the retention moment of water with the
solar radiance. By using baffles in the ISS, the contact time
of water with solar radiance was augmented.

The experimental model was set up in a way that the
saline water from the tank enters the basin having square
trays of area 0.65 ×0.65 m2 through a flow control valve.
Then, the water is evaporated by the baffles to increase

Fig. 4 Representation of
an in ISS with baffles yield
(PK et al. 2017)
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the contact time of water with solar radiation. There is a
distillate collector positioned at the end of the glass cover
to collect the fresh condensate from the glass cover. The
consecutive space involving all baffles was maintained at
0.1 m. The baffle plates not only reflect the passageway of
water but also store some of the heat energy in it. From the
analysis, it was found that under minimum mf .w (0.083 kg
min−1), the maximum hourly yields were 0.32 and 0.23 kg
from the ISS with and without baffles, respectively.

Stepped type ISS

Alaudeen et al. (2014) had conducted experiments on the
SSS type with tray basin in a slanted flat plate collector
(FPC) and a CSS to study the productivity of this SSS with
certain variables. This SSS model is analyzed with diffe-
rent packing materials in the inclined flat plate absorber and
maintaining different dw at 20, 30, and 40 mm in the CSS.
The performance of the SSS is enhanced by adding some
heat storage materials, and the free water surface area is
increased by using capillary effect sponges. The heat stora-
ge material and sponges having wicking ability are used in
both stepped trays and CSS. The input saltwater is provi-
ded by the tank is made to flow to the SSS, then the over-
flowing water from the tray is diverted to the consequent
trays in the wick material–covered collector of the ISS. At
last, the excess saline water is accumulated at the bottom
of CSS. Rocks and pebbles were used as heat storage
material in both the tray basin and in the conventional basin.
A theoretical study was conducted on the experimental
model, and a cost analysis was prepared for the experiment.
Figure 5 shows the effect of various alterations on daily
efficiency. From the results of this experiment, it has been
concluded that the experimental setup is capable of achie-

ving maximum productivity at a dw of 2 cm in conventional
of about 1468 kg m−2, and it produces the minimum
productivity of about 1150 kg m−2 at a dw of 4 cm in a
traditional basin. Among the different packing materials,
1745 kg m−2 was achieved by combining sponge, wick,
and rock materials, and the least productivity of about 1200
kg m−2 is obtained in the sand and wick combination. An
increase in efficiency of about 3% over the CS is attained
using the wick and coconut coir combination. From the
comparison of the theoretical and experimental analyses, a
deviation of about 10% was obtained. The cost analysis of
this study shows that the cost of distilled water produced
per day by CSS is Rs.20 and SSS is Rs.25 and also the
payback period of CSS is 80 days higher than SSS. From the
previous analysis, it is evident that about 20% of the days
in payback period is saved in the SSS compared to the CSS.
Using the capillary effect, sponges and wick combination at
2 cm dw produced the highest output of 1305 kg m−2, and
at dw of 4 cm with the same sponge combination produced
a freshwater of about 1280 kg m−2. Thus, the efficiency
of the still in this experiment is augmented by providing
packing materials which helps in the capillary effect and
the addition of heat storing elements like pebbles and rocks
helps in increasing exposure area.

El-Agouz (2014) developed a new SSS. Figure 6 shows
a schematic of the SSS with constant water passage using
a storage tank for salt and seawater. The performance
increased using a strategy of maintaining continuous water
circulation and also to keep the even supply of water on the
surface of the absorber with the help of using black cotton
absorber over the still for better performance is implied.
This detailed study focused on the factor affecting the yield
of the desalination system, such as the intensity of solar
radiation, type of saline water flow, and the proportion

Fig. 5 Effect of various
alterations on daily efficiency
(Alaudeen et al. 2014)
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Fig. 6 Schematic of the SSS
(El-Agouz 2014)

and temperature of the saline water in the inlet tank. The
experimental model was set so that the saltwater from the
tank is through a control valve and pump directed to the
solar evaporator. After that, the saline water is flowing with
film thickness on the stepped absorber. Finally, the water
was evaporated by the solar radiation and condensed on
the glass cover gets collected by the water vessel. From
the study, it has been clear that the yield of SSS is higher
than the CSS, approximately by 48% for saltwater, with the
black absorber, while 53% for seawater, with cotton. The

modified solar still enhances the productivity of distillate
water by increasing the distribution of water on the absorber
surface with continuous water circulation with the help of
storage tank and the cotton absorber.There is about 20%
higher daily efficiency for SSS than the CSS. The economic
analysis of this experimental study shows that the cost of
distilled water per liter is $0.035 for SSS and for the CSS is
$0.042. The experimental value of the total dissolved solids
of collected distilled water after desalination is 27 mg L−1

which is 14 mg L−1 higher than that of seawater.

Fig. 7 Schematic diagram
of the CSS and SSS (Omara
et al. 2013)
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Fig. 8 Diagram of trays and mirrors on the steps of modified SSS
(Omara et al. 2013)

Omara et al. (2013) carried out a theoretical investigation
as well as an experimental investigation on the SSS with
internal reflectors and CSS. Figure 7 shows the diagram
of trays and mirrors on the steps of a modified solar still.
The saline water from the tank is fed into the CSS and SSS
having reflectors on the vertical side of the steps of SSS.
The basin area of CSS is about 1 m2, and the absorber plate
of SSS has 5 trays (each of size 0.1 m × 2 m) with an
absorber area of 1.16 m2. During the experiment, the depth
of the saline water is maintained at 5 mm. The theoretical
analysis is also studied for this experimental model. From
the conclusions of their study, it was clear that the yield from
SSS enhances the thermal performance of an SSS using
the proposed modification. The productivities of the SSS
without and with reflectors are about 57 and 75% higher
than the CSS, respectively (Fig. 8).

Omara et al. (2014) also carried out experiments on the
SSS. The schematic diagram of the SSS is shown in Fig. 9.

The thermal performance was improved using internal and
external reflectors and compared it with CSS. In this SSS
model, the reflectors are used as the heat sources to augment
the productivity of the previously published SSS (Omara
et al. 2014). The internal mirrors were installed on the side
of the stepped trays. The angles of the outer and inner ref-
lectors are changed according to the seasons because the
altitude angle of the sun reduces in winter and increases in
summer, which does not make the reflected radiation from
the vertical reflector hit the SSS surface. In this study, the
top and bottom reflector angles were predicted over the
seasons. A cost analysis is also prepared for this experimen-
tal study. From the experimentation, it has been clear that
this improved performance and lesser cost for the produc-
tion of distillate from modified SSS is due to the reflectors
used in the modified SSS which helps as a heat source. The
alteration made an impact of about 125higher daily produc-
tivity for modified SSS compared with the CSS. The results
of the cost report denote that the estimated cost for CSSs
and SSS with reflectors is about $0.049 and $0.031 for 1 L
of freshwater from the still, respectively.

Muftah et al. (2018) proposed and fabricated a new
design of SSS with certain modifications in it. The mod-
ifications made on the SSS are namely adding reflectors,
absorber material, and external condensers. Figure 10 shows
the schematic of SSS (before modification) and basin-type
SSS. This experimental study also analyzes the theoretical
studies of the new SSS using the energy balance model. The
experimental model consists of the single-basin SSS hav-
ing 5 steps in the absorber plate with a dimension of each
step as 2 m × 0.1 m. The absorber plate is equipped with
the external and internal reflectors to get better absorptiv-
ity. The saline water from the tank is fed to the stepped
trays of the absorber plate and irradiated by the sun to get
condensed and evaporated on the glass cover. So, the distil-
late water is collected from the glass cover of the SSS. This

Fig. 9 Schematic of the
SSS (Omara et al. 2014)
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Fig. 10 Schematic of SSS (before modification) (Omara et al. 2013); basin-type SSS (Muftah et al. 2018)

study involves the energy-balance analysis for both the SSS
without and with modification. From the experiment results,
it has been concluded that the daily productivity of the SSS
increased from 6.9 to 8.9 kg m−2.

Velmurugan et al. (2009) fabricated an effluent setting
tank and SSS for making freshwater from the textile
effluent. Figure 11 shows the schematic diagram of the
experimental setup. The effluent settling tank contains five
layers that are pebble layer, activated charcoal layer, and
sand layer with a mesh interface between the layers to
filter the textile effluent effectively. Raw effluents enter
the settling tank, get filtered by the filtering layers on that
tank, and enter the storage tank through the valve. Then,
the filtered effluent is fed into the trays of SSS through

another valve. During the effluent feeding process, once the
trays are overflowing, the excess effluent water overflows
through the overflow tube provided in the rear bottom of
the SSS. Finally, the overload of water was re-circulated to
the storage tank. For augmenting the evaporation process
in the SSS, an absorber plate and matte black–painted
trays have two different depths that are 5 mm and 10 mm.
The performance analysis on enhancing the productivity of
SSS was tested by using still with fins at the basin. Stills
with productivity-enhancing material (fins, sponges, and
pebbles) are used. Both thermal analysis and experimental
analysis are assessed in their study. The cost analysis of
this experimental study includes the payback period which
depends on the overall cost of fabrication, maintenance cost,
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Fig. 11 Schematic diagram of the experimental setup (Velmurugan et al. 2009)

operating cost, and cost of feed water. From the conclusion
of the analysis, it has been reported that the net earnings
from this SSS model is approximately about Rs 11 ($ 0.26)
and the payback period of this SSS model is 727 days
where the payback period of the conventional solar still is
2580 days. From the results of their experiments, it was
extrapolated using the fins on the basin of the SSS. The
yield is augmented by 53.3%. The productivity of the SSS
is increased to 68 and 65% by using sponges and pebbles,
respectively. During the experiments, an attempt was made
to implement the fins, sponges, and pebbles in the still,
which improved productivity by 98% than the CSS.

Weir-type ISS

Sadineni et al. (2008) made an experimental investigation
of weir-type ISS. Figure 12 represents the schematic of the
weir-type ISS. This experiment was designed and construc-
ted under the Las Vegas weather conditions. A 20-gauge
galvanized steel sheet was used as an absorber plate. This
experiment was conducted using both single and double
pane tempered glass as a collector cover. The insulation was
made of glass fiber with a thickness of 15.24 mm (R-30).
Mathematical modeling was done for both the single and
double pane glass cover. In conclusion, the single pane glass
performed better than the double-pane glass cover. There is
a 20% improvement in productivity when compared with
the CSS. Sadineni et al. (2008) conducted some preliminary
tests on the quality of potable water which has proved that
solar still can be used in solar hydrogen project to increase

more yield to an electrolyte system. In this experimental stu-
dy, a unique method of water quality analysis is undertaken
in order to verify whether the application of solar stills in
the hydrogen projects is possible or not under the measured
value of total dissolved solids (TDS) of 0.6 mg L−1. From
the results of this preliminary quality analysis, it has been
proved that the usage of solar still in the hydrogen projects
to render more yield to an electrolyze system is possible.

Weir-type cascade ISS

Tabrizi et al. (2010b) made the experiment on weir-type
cascade ISS. Figure 13 shows the schematic of cascade
ISS to increase productivity; also, Tabrizi et al. (2010b)
investigated the internal heat and mass transfer by varying
the rate of flow. In this experimental work for the creation
of the solar still, the aluminum sheet was used, and the
absorber was fabricated of 15 steps; each step is 5 mm in
height and 59 cm in length. Through this experiment, it is
found that increasing the mf w decreases daily output and
thermal efficiency. The maximum and minimum outputs of
7.4 and 4.3 kg m−2 day−1 have been obtained from the
minimum and maximum flows of water, respectively. The
minimum and maximum flow rate efficiencies of 36.6 and
63.3% were obtained, respectively.

Zoori et al. (2013) and Dashtban and Tabrizi (2011)
conducted experiments on the weir-type cascade ISS with
latent heat storage material (LHSM) for augmenting the
distillate production rate, especially at night and cloudy
time. Figure 14 shows the schematic of cascade ISS. Here,

35354 Environ Sci Pollut Res  (2021) 28:35346–35375



Fig. 12 Schematic of the
weir-type ISS (Tabrizi et al.
2010b)

the paraffin wax is used as the phase change material
(PCM) acts as LHSM. The experimental model has stepped
type absorber plate having 15 steps, and a weir is placed,
which helps in increasing the time spent on the absorber,
and the channelization effect was also minimized on the
evaporation surface. From the conclusion of the study, it has
been revealed that the theoretical yields of the cascade ISS
inclusive and exclusive of PCM were 6.7 and 5.1 kg m−2

day−1, respectively, which are 31% higher than that of still
without PCM. The residence time is increased by using the
weir on each step edge of the system to maintain the water
evenly distributed over the evaporation surface. From the
experimental data obtained for different still configurations
such as operating conditions and geometries, one of the
essential parameters in the still was energy storage.

Tabrizi et al. (2010a) and Sarhaddi et al. (2017) studied
the effect of a weir-type cascade ISS with incorporated

Fig. 13 Schematic diagram of cascade ISS (Tabrizi et al. 2010b)

LHSM. In this study, two cascades ISS were constructed
with and without LHSM. The experimental setup is made
up of a still with stepped absorber plate having 15 steps,
and a weir is used on every step to direct the flowing
water through the absorber plate, which minimizes the
effect of channelization because of maintaining. The water
surface was evenly over the absorber plate. Paraffin wax
(PCM) was used as a heat reservoir that acts as an LHSM.
From the experiments conducted, it is clear that using weir
on the steps increases the residence time, and it helps
to maintain the water film as deep as possible even by
avoiding dry spots and with low heat capacity. The overall
production rate is inversely proportional to the mf .w. The
still with and without LHSM achieves the highest total
productivities at the lowest possible mf .w (0.055 kg min−1)
which are about 4.58 kg m−2 and 5.14 kg m−2, respectively.

Fig. 14 Schematic of cascade ISS with PCM (Dashtban and Tabrizi
2011)
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Fig. 15 Hourly productivity for WCSS with and without LHSM for (a) summer and (b) winter conditions (Tabrizi et al. 2010a)

Figure 15 explains the hourly productivity for WCSS with
and without LHSM for luminous (A) and darkened days
(B). The quality of the input water and the distilled water
samples is analyzed in this study. The analysis report clearly
shows that the distilled water is suitable for domestic usages
and it might be used as drinking water after mixing with
a little amount of free water. The desalination system
without LHSM was recommended for the hot climatic
conditions, and still with LHSM is preferred for partly
cloudy conditions. Due to the low-temperature flow of feed
water on the evaporative surface, the distillation process
from the still with LHSM during the nocturnal period is
not recommendable in continuous mode and leads to the
acceleration of the discharge process.

WISS

Single-slopeWISS

Sharon et al. (2017) conducted experiments on basin-type
ISS and WISS to find out the distillate quality, environmen-
tal benefit, performance, and economic feasibility. Figure 16

shows the schematic figure of the tilted solar still with the
wick material. The maximum productivities are 4.99 kg
day−1 and 4.54 kg day−1 for ISS with basin and the WISS
for the month of April, and 2.73 kg day−1 and 1.85 kg
day−1 for the month of November, respectively. The basin
type showed yearly averages of 41.06% and 3.06% of ther-
mal and exergy efficiency, and 33.83% of thermal efficiency
and 2.88% of exergy efficiency on a yearly average were
found out. The distillate yield of ISS with basin was higher
than that of WISS by 19.76% on a yearly average. A study
about the economic feasibility of this tilted solar still is
also conducted in this experimental work. The conclusion
of the study shows that the energy payback times in clear
days of the unit with basin and wick were around 2.80 and
2.60 years respectively. It has been also reported that the
distillate production cost was around $0.046/L for SS with
basin and $0.051/L for SS with wick.

Aybar et al. (2005) and Aybar (2006) conducted a study
on ISS in which both potable water and hot water were
produced through this experimental method. Figure 17
shows the schematic of the ISS. Figure 18 shows the ISS
lacking glass cover and black wick. A porous medium was
used in the basin to augment the rate of evaporation. In this

Fig. 16 Schematic figure of the
tilted solar still with wick
(Sharon et al. 2017)
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Fig. 17 Schematic of the ISS (Aybar et al. 2005)

experiment, a matte black–painted absorber plate was made
up of galvanized steel which is covered using glass material.
Due to the occurrence of high temperature in the absorber
plate, the plate gets deformed. In order to overcome the
deformation issue, a black cloth and black fleece were used
as a wick in this experimental setup. From the results, it
has been clear that the yield is higher in the black fleece
and black cloth than the bare plate because of the filmy
distribution of the saline water over the absorber plate.

Deniz (2013)studied the ISS by using four different cases
such as bare-plate, shaded bare plate (SBP), black cloth
wick, and shaded black cloth wick (SBCW) to find out
which of these has a better distillation system. Among these,
SBCW has produced more distilled water. From the results,
SBCW has minimum and maximum efficiencies of 2.4%
and 37%, respectively.

Hansen et al. (2015) made an experimental investigation
using different wick materials on different absorber plates
to find the performance of an ISS. Figure 19 shows the

Fig. 18 ISS lacking glass cover and black wick (Aybar et al. 2005)

schematic diagram of the ISS. Hansen et al. (2015) made
a study on characteristics of different wick materials like
cotton, nylon, waste cotton, jute cotton, coir mate, charcoal
cloth, wood pulp paper, polystyrene, and water coral
fleece, and the wick characteristics are absorbency, porosity,
capillary rise, repellent, and heat transfer coefficient.
Among these materials, water coral fleece has a higher
porosity of 69.67%, and with the use of water coral fleece
with stepped wire mesh absorber, the yield increased by
71.2% from 45.4% when a flat plate absorber was used.

Janarthanan et al. (2006) made a performance study on a
new type of still having floating combined with the tilted-
wick type. Figure 20 shows the sectional view of the still
with water flowing over the glass cover. The effect of the
cooling water made to flow over the glass surface still is
analyzed in this study. The regenerative effect is applied
to the system to increase the distillate output. The mf .w

is about 1.5 m s−1. The transient analysis was made with
water flowing above the collector cover. Both theoretical
and experimental analyses were done on the system.

Mahdi et al. (2011) made an experimental WISS system
with a minor change in the design by using charcoal cloth
as evaporator material, and the system was composed of
the still, main tank, even head device, distillate container,
and brine tank. Figure 21 explains the schematic diagram of
the flow rate system and cross-sectional view of the solar
still. From the experiment, it is concluded that efficiency
decreases with the increase in NaCl salinity. Therefore,
increasing the salinity to 2.5%, the efficiency to 39%, and
increasing the salinity to 5% leads to a decrease in efficiency
to 33.70%; and all the testing processes were done in indoor
testing conditions. Finally, from this experimental study
results, it was concluded that the system is more productive
in outdoor than in indoor processes.

Double-effect WISS

Yeh and Ma (1990) conducted experiments on upward-type,
double-effect WISS. The theoretical performance of the ope-
ration and the design conditions were discussed in this
paper. Figure 22 shows the schematic of an upward-type,
double-effect WISS. Yeh and Ma (1990) derived the ener-
gy balances for upward-type, double-effect WISS. In the
upward-type, the water vapor is supersaturated, while in the
downward-type, the vapors are unsaturated. The cost of pro-
ducing the upward-type WISS is cheaper when compared to
downward-type WISS. Based on an energy balance equation
for the double-effect WISS, It was concluded that it was bet-
ter to use upward-type WISS than a downward-type WISS.

Yeh and Chen (1992b) and Yeh and Chen (1992a) derived
the energy equilibrium equation through the second effect
unit for double-effect WISS with air flow. Figure 23 shows
the schematic drawing of the double-effect WISS and the
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Fig. 19 Schematic diagram of
the stepped absorber ISS
(Hansen et al. 2015)

Fig. 20 A sectional view of the
still with water flowing over
the glass cover (Janarthanan
et al. 2006)
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Fig. 21 Schematic diagram of the flow rate system and cross-sectional view of the solar still (Mahdi et al. 2011)

Fig. 22 Schematic of an
upward-type, double-effect
WISS (Yeh and Ma 1990)

Fig. 23 Schematic of double-
effect WISS and the non-natural
simulator (Yeh and Chen 1992b)
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Fig. 24 Cross-sectional view of
a double slope FRP multi- WISS
(Tiwari and Yadav 1987)

non-natural simulator. In this experiment, the productivity
was increased by flowing the air directly to water vapor.
They derived the equations of energy balance for the cover,
absorber plate 1, and absorber plate 2 and plate 3, and also
derived the equation for the evaporation rate in the second
effect, thus using those equations the production rate of
distillate water under different climatic, design, and working
environments may be obtained.

Multi-WISS

Tiwari and Yadav (1987) and Yadav and Tiwari (1989)
tested the long-term performance of different designs of
solar stills. Figure 24 explains the cross-sectional view of
a double-slope FRP multi-WISS. In this experiment, all
the stills are made of fiber-reinforced plastic (FRP). The
performance of single-slope FRP still, double-slope FRP
solar still, and concrete solar still were compared. From the
comparison, it is found that distillate water for lab use must
be obtained from FRP solar still for the improved quality of
water. The distillate obtained from concrete solar still can be

used for drinking purposes. A conventional FRP solar still
gave an output of about 10–50 L day−1.

Singh and Tiwari (1992b) made an experimental study
of dual-effect distillation in a multi-WISS. Figure 25
represents the sectional view of double-slope, double-
effect multi-WISS. According to the climatic parameters of
the design, thermal analysis of the experiment was done.
Theoretical analysis was done for the upper glass cover,
lower glass cover, upper water, and lower water, and derived
an expression. It was found that the higher mf .w leads
to maximizing the heat transfer carried by the flowing
water.

Singh and Tiwari (1992a) made a thermal evaluation
of the multi-effect distillation system. Figure 26 clearly
explains the sectional view of double-slope triple-effect
WISS. A thermal analysis was done on the multi-effect
distillation system with respect to climatic and system
parameters. It was found that the multi-effect system is
useful for the lowest mf .w. Numerical analysis was done by
comparing the results with the model done while the overall
accuracy was increased by 3%.

Fig. 25 Sectional view of
double-slope, double-effect
multi-WISS (Singh and Tiwari
1992b)
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Fig. 26 A sectional view of
double-slope, triple-effect
multi-WISS (Singh and Tiwari
1992b)

Dhiman and Tiwari (1990) reported the effect of water
flowing over the collector of a multi-WISS. Figure 27 shows
the schematic sketch of the multi-WISS. They studied the
heat transfer coefficient between the upper glass surface and
water flow in it. Dhiman et al. derived an expression to
find the distillate. Dhiman et al. derived three expressions
for calculating the heat transfer coefficients. The distillate
output was increased by 10% when the water was made to
flow over the collector in a thin layer.

WISS with VFPR

Tanaka and Nakatake (2007) and Tanaka (2011) numeri-
cally analyzed the potable water production by investigating
the effect of a WISS integrated with the VFPR. The energy
balance for the glass cover and the evaporating wick is
expressed in equations with the still having an external
reflector and a still without an external reflector. Figure 28
shows the schematic diagram of WISS with VFPR.

The distillate of the WISS with the reflector is 9% produc-
tivity than the WISS without VFPR. The VFPR works better
in CSS than a WISS.

ISS with bottom reflector

Tanaka (2013) made a theoretical analysis on a WISS.
Figure 29 explains the schematic diagram of a WISS with
a bottom reflector. The geometrical model was done to
calculate the solar radiation reflected from the bottom
reflector and the absorber. Numerical analysis was also done
for the heat and mass transfer of the still. The solar still was
fixed at an angle of 30◦, while the lower edge of the solar
still was inclined upward at 30◦ N. This experiment was
conducted during spring, summer, autumn, and winter, and
the angle of the reflector is positioned about at 30◦, 50◦, 30◦,
and 20◦, respectively. From the data, it has been found that
the best angle for the better daily amount of distillate was
35◦, which was 13% higher than that of conventional WISS.

Fig. 27 Schematic sketch of the
multi-WISS (Sodha et al. 1981)
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Fig. 28 Schematic diagram of WISS with VFPR (Tanaka and
Nakatake 2007)

Azimuth trackingWISS with VFPR

Tanaka and Nakatake (2009) made a one-step azimuth
tracking WISS with a VFPR. Figure 30 shows the schematic
of one-step azimuth tracking WISS with VFPR. The yield
was measured for 4 different days. Using a VFPR, the output
was increased. A hypothetical investigation was done to get
the optimal tilt angle. In comparison with the conventional,
WISS achieved daily yield amount productivity by this still
was about 27, 57, 40, and 40% during the winter, summer,
spring, and fall seasons, respectively.

Semi-circular trough-absorber ISS with
baffles

Sathyamurthy et al. (2015) studied the semi-circular trough-
absorber ISS with baffles due to its increased contact time
of water in the basin for the enhanced yield of potable water.

This study consists of experimental as well as hypothetical
investigation. Figure 31 shows the cross-sectional diagram
and principal mechanism of the solar still. The experimental
model was set up in a way in which the saline water has
been feed into the semicircular absorber ISS, having baffles
in the absorber plate that are located at a consecutive space
of 0.1 m, and the trough was enclosed with a clear glass of
3-mm thickness. The mfw to the absorber is regulated by
hand using a control valve, and it was maintained at 8 kg h−1

with a salinity of 40 g kg−1. The results of the experimental
investigation show that the daily production of the still with
baffles achieved was 3 kg m−2, which was 66.7% higher
than the CSS.

Integrated wick and basin still with other
types of solar still

Minasian and Al-Karaghouli (1995) researched the inte-
grated solar still system consisting of WISS and the small
CSS. This research was based on the idea of using the hot
waste brine water for further distillation processes to aug-
ment the production of the wick-basin type ISS. Figure 32
shows the diagram of the experimental stills. This experi-
ment was set in a way that the hot waste brine water leaving
from the WISS was fed into the inlet of CSS. This experi-
ment has been done over a period of 1 year. This experimen-
tal study has also included an economic analysis of the
whole experiment. As a result of the experiment, the overall
efficiency of this wick-basin integrated still was higher than
the overall efficiency of WISS and also the CSS. According
to the experimental records, the total yearly distillate yield
of wick-basin integrated solar still was 43% more than the
CSS.

Eltawil and Zhengming (2009) designed a new hybrid
desalination system consisting of a wind turbine, ISS, and
CSS, which was named the main solar still (MSS). To

Fig. 29 Schematic diagram of a
WISS with bottom reflector
(Tanaka 2013)
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Fig. 30 Schematic of one-step
azimuth tracking WISS with
VFPR (Tanaka and Nakatake
2009)

augment the water vaporization and condensation rate in the
single basin solar still, the boundary layer of the basin water
surface has to be broken with the help of impellers driven by
the wind turbine. This model has the capability of producing
hot water and the fresh distillate water from the solar stills.
The ISWD system constitutes of the incline flat plate solar
absorber in which a black wick medium was used at the
exit of MSS. The evaporation of the water film takes place
on both MSS and ISWD, and condensation took place to
provide freshwater and hot water. The purpose of the water
tank headed to feed the water dripping on the absorber plate
on MSS, which was heated by the sun radiation, helps to
make fresh condensate water. The remaining unevaporated

water on the MSS has been directed to the ISWD through
the distribution pipe controlled by a control valve. Then at
the ISWD, the inlet water from the MSS falls on the black
absorber plates, which evaporates and condenses the inlet
water to provide fresh distillate water, and the remaining
unevaporated hot water is stored in a separate hot water tank.

The experiments were conducted by maintaining dw at
different heights, which are 0.01, 0.02, and 0.03 m. Then,
the mf w from the MSS to ISS of 25.0, 41.7, and 58.3 mL
min−1 are also used as a factor for experiments. The hybrid
system position, which is due south, and tracking the sun
are used as the factors for this experimental test. From
the results of the experiments, it has been clear that the

Fig. 31 Cross-sectional diagram
and principal mechanism of
the solar still (Sathyamurthy
et al. 2015)
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Fig. 32 Experimental stills
(Minasian and Al-Karaghouli
1995)

decreased rate of productivity was due to increasing dw at
the same mf w. The usage of wind turbines increased pro-
ductivity and made a small vibration, which also helped to
make the condensate water run faster downwards towards
the outlets.

Kumar et al. (2017b) presented the hypothetical investi-
gation on a triangular PSS (TPSS) integrated into an ISS
with baffles. Figure 33 shows the schematic diagram of
TPSS incorporated into ISS with baffles. In this study, the
effect of different mw from 20 to 100 kg on the TPSS was
incorporated to ISS with and without baffles by the varying
mw for both models, and the mw from 20 to 50 kg in the
TPSS is analyzed. From the results, a comparative study was
presented. From the comparative analysis, it shows that the
standalone TPSS yields a maximum of about 2.8 kg m−2 in
the daytime and a maximum of about 0.5 kg m−2 at night-
time at an mf w of 20 kg. The results of this comparative

study also show that the maximum yield was obtained at
20 kg m−2 of about 7.2 kg m−2, and it can be seen that
the increasing mw from 20 to 100 kg decreases the yield
percentage from 6.24 to 46.36%. The comparative analysis
of this experimental study shows that decreasing mw leads
to the total yield of the still to increase. From the detailed
experimental study, it has been assessed that, by lowering
the mw in the solar still, the system’s yield of freshwater
gets increased. Due to the absorption of thermal energy by
mw during daytime shows decreased freshwater yield and it
shows increased yield during evening and nighttime because
of the rejection of thermal energy from the mw at that time.
From the results of the record of this study, the maximum
daily production obtained on the incorporation of stills was
7 kg m−2 for a mw of 20 kg.

Kumar et al. (2017a) and Panchal et al. (2019) performed
the experiment on the TPSS integrated with ISS to study the

Fig. 33 Schematic diagram of TPSS integrated to ISS with baffles (Kumar et al. 2017b)
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effect of mwin the integrated still. The integrated solar still
was based on the concept of utilizing the hot water from
the ISS for enhancing the performance of the TPSS. These
experiments are performed in TPSS with variations in water
depth inside the basin (0.02, 0.04, and 0.06 m), and constant
flow rate inside ISS (8.33 kg h−1). The results of the
experiment showed that freshwater productivity increases
with a decrease in dw. The result also showed that the
process of feeding the preheated water to the basin enhances
the efficiency of the solar stills by the help of ISS as a solar
energy collector. It was published that the yield of TPSS
integrated with ISS was about 79.05% higher than that of
CSS, which produces freshwater yield of 7.52 kg m−2. From
the economic analysis, increase in water depth increases the
average selling price of water, i.e., from 5.6 to 11.4 with an
increase in the water depth the selling price will increase by
5 Rs kg−1.

Hansen and Murugavel (2017) developed and studied the
new hybrid solar desalination system so as to achieve highly
efficient solar still through an experimental approach.
Figure 34 shows the schematic drawing of the integrated
type solar still experimental setup. By integrating the ISS
with an SB-SS and a hot storage tank which has been manu-
factured and tested in various absorber plate configurations,
a new hybrid solar still is developed. The factors like resi-
dence time of water for evaporation, hot outlet water usage,
and augmenting the system by integrating it with other
energy systems, which determines the production of the
solar desalination system, paves the way for developing
this kind of hybrid solar desalination system. The reason
behind the usage of different absorbers in this experiment
was to augment the availability of water on the surface of
still for the evaporation in the ISS, and the idea behind
integrating the stills is to use waste hot unevaporated water
from the ISS. According to the results from the experiment

of new hybrid solar still with different absorber plate conf-
igurations, the highest distillate output was yielded by the
fin-shaped absorbers in the ISS, which was 25.7% greater
than that of the basic flat absorber material.

On the detailed study on the performance of the CSS
and new hybrid integrated still with and without hot water
storage tank, the developed experimental still has more
important benefits over the CSS, which are pointed out as
follows: The fin-shaped absorber used on the integrated still
increases the freshwater production over the CSS which
is about 74.25%. The new hybrid integrated solar still
produced about 5.21 L day−1 for 1.3-m2 collecting area
as the daily distillate productivity. The fin-shaped absorber
used on the integrated still produced higher efficiency than
the CSS, which is about 34.1%. The overall efficiency of the
new hybrid integrated solar still with fin-shaped absorber
was 40.9%. Fin-shaped absorber on the integrated solar
still and thermal storage tank for hot water had a daily hot
distillate production of 9.721 kg.

Active ISS

Abdullah (2013) comparatively studied the performance of
SSS and CSS. Figure 35 shows the schematic of CSS and
SSS. The efficiency and production of SSS were enhanced
by using aluminum fillings as thermal storage material
beneath the absorber plate, a cooling firm over the collector
cover, and a solar air heater for hot air blow below the base
of SSS used to increase the saline feed water temperature in
this model. At the time of the experimental investigation, it
seems like the temperature of the elements of the SSS was
higher than the CSS. The reason for the higher temperature
of elements in the SSS was due to smaller volume air trap
inside the SSS chamber than the CSS and due to the higher

Fig. 34 Schematic drawing of
the integrated-type solar still
experimental setup (Hansen and
Murugavel 2017)
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Fig. 35 Schematic of CSS and SSS (Abdullah 2013)

heat and mass transfer surface area provided by the SSS than
by CSS.

The results of the analysis indicated that the productivity
of SSS at a tray depth of 5 mm and not including any
modification in the system is 30.4% higher than that of
the CSS. The yield of the SSS is increased by 85% when
compared with the CSS due to the heating of saline water
in the still chamber by using a solar air heater for hot air
blow below the stepped tray in the SSS. The glass cooling
technique by continuous water flow above the collector
surface increased the yield of the SSS by 65% as compared
to the CSS. The aluminum filling used as a thermal storage
material in the SSS increased productivity by 53% over
the CSS. Using both the glass cover cooling and blowing
hot air increased the freshwater productivity by 112% than
the CSS. The estimated costs of 1 L of distillate water for

stepped is about $0.039 and for conventional still $0.049
respectively.

Kabeel et al. (2012) experimented with CSS and the SSS
with certain modifications for enhancing the performance
and increasing the efficiency of SSS. Figure 36 shows the
schematic diagram for the experimental setup configuration
of the CSS and SSS. These experiments on solar stills
were used to study the performance of SSS with varying
depths and widths of trays. The modifications implied on
the still by changing the tray width by using trays having
widths of 100, 110, 120, and 130 mm, and changing the
dw on the trays by using 5, 10, and 20 mm, using wick
on the trays with vertical steps and supplying preheated
feed saline water using the vacuum tube solar collector.
The theoretical study on the solar stills was investigated
with the experimental parametric study in the modified SSS.

Fig. 36 Schematic diagram for
the experimental setup
configuration of the CSS and
SSS (Kabeel et al. 2012)
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These modified parameters on the SSS are discussed clearly
and separately for each modification in this study. From
the theoretical and experimental approaches made on the
modified SSS and CSS without any modification, it has
been clear that the productivity of the CSS and SSS is
inversely proportional to the dw. As the dw decreased, the
yield of SSS gets increased. In these parametric studies on
the SSS, the higher productivity was achieved on the dw of
5 mm and tray width of 120 mm. The productivity of SSS
was about 57.3% higher over the CSS. Usage of vertical
wick on the side of trays increases the productivity from 3
to 5%. The preheated feed water supply to the SSS has a
minor effect on the productivity on the still, but it decreases
the efficiency of still around to the half. The daily efficiency
and the expected cost per liter of freshwater on CSS and SSS
are approximately 33.5% and 0.049$, and 53% and 0.039$,
respectively, at a dw of 5 mm and a tray width of 120 mm.

ISS integrated with external condenser

Morad et al. (2017) developed a new solar-powered desali-
nation system consisting of FPC with a condenser and vac-
uum pump to study the performance of this new solar desali-
nation system with and without the vacuum pump under
different operating conditions. Figure 37 shows the exper-
imental setup diagram of ISS with an external condenser.
The experiments were performed in two types of solar-
powered desalination models, one with a vacuum pump and
another one without a vacuum pump. The newly developed
solar-powered desalination system with a vacuum pump
works by receiving the saline water from the water tank and
converted it to water vapor by utilizing the solar radiation

in the FPC, and the vacuum pump was turned on when
the saline water temperature reached 50 ◦C then the sucked
hot water vapor get ejected into the copper coils in the
condenser. Finally, the vapor gets condensed, and potable
water is accumulated in the freshwater tank. The vacuum
pump works in a way that makes the vacuum pump off when
the saline water temperature inside the FPC becomes lower
than 50 ◦C by opening the solenoid valve. The ordinary
solar desalination system works the same as the previous
model but without the use of a vacuum pump. They also
studied the cost analysis of this experimental research. The
results showed that this system has more productivity than
the ordinary solar desalination system without a vacuum
pump.

According to the experimental results, the following
conclusions were made: By raising the range of salinity
level of water, the potable water productivity was decreased.
The productivity was enhanced by augmenting the vacuum
pump with the system reducing the boiling point of water. At
a groundwater tank mf w of 0.80 and 0.40 L/h, the maximum
freshwater produced was 10.97 and 7.27 L day−1; their cost
values are 0.031 and 0.030 US $ L−1.

Photovoltaic/thermal (PV/T) integrated ISS

Passive photovoltaic ISS

Manokar et al. (2018b, 2019b, 2020) conducted experiments
on the photovoltaic panel embedded with ISS for the
increase in performance for a better solar still production
and thermal efficiency and the photovoltaic panel electrical
power production capacity and efficiency. Figure 38 shows

Fig. 37 Experimental setup
diagram of ISS with external
condenser (Morad et al. 2017)
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Fig. 38 Schematic figure of the PV-ISS with and without insulation (Manokar et al. 2018b)

the schematic figure of the PV-ISS with and without
insulation. The whole experimental model consists of a
saline water storage tank from where the feed water
has been fed into photovoltaic (PV) ISS in a different
configuration setup. The different configurations of ISS
with PV are one with no insulation (test 1) and another
with bottom and sidewall insulation (test 2), and another
one having sidewall insulation (test 3). The results of the
experiment showed that the maximum performance of ISS
with PV is achieved at a fully insulated condition, but due to
lower temperature the performance is better in test 1. Thus,
the insulation enhanced the performance of solar still, and

there is no significant improvement in the performance of
the panel.

Sasikumar et al. (2020) presented the experimental study
on passive ISS with varied mf w. Figure 39 shows the photo
of the passive PV/T integrated ISS. The experimental setup
consists of a photovoltaic (PV) panel that has been used
as the still basin in which the cotton thread was used as a
wicking material in the absorber plate is fixed in between
the space between the solar cells to enhance the evaporation
rate. The input supply water that varied at different mf w

are 4.68, 7.56, and 10.08 kg h−1. The hot water collected
from the basin was re-circulated to the storage tank for

Fig. 39 Photo of the passive
PV/T integrated ISS (Sasikumar
et al. 2020)
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an hour every time. From the experimental results of this
experiment, it has been concluded that the increase in mf w

resulted in fewer production of freshwater and increased
panel performance.

Active PV/T integrated ISS

Manokar et al. (2018c, 2020) and Manokar (2020) conduc-
ted experiments to study the augmentation of the distillate
yield from the active inclined solar panel basin solar still
(AISPBSS). The augmentation of the freshwater produc-
tivity was provided by integrating the flat-plate absorber
with the AISPBSS. Figure 39 shows the photo of the active
PV/T integrated ISS. The experimental model had been set
up in a way that the saline water from the tank fed into the
FPC gets heated and was again fed into the AISPBSS. This
experimental model has been capable of producing both the
unevaporated hot water and condensed hot water.

From their experimental study, it has been clear that the
power generation of the panel depends on solar radiation
intensity and temperature. The productivity of solar panels
was improved due to increasing the mf w, but it reduces
the performance of AISPBSS. By varying the mf w to 3.2
from 1.8 kg h−1, the system’s overall thermal efficiency
was decreased about 6.43%, and the thermal exergy of the
system was reduced about 17.3%, and the daily productivity
was reduced to 20% and the thermal efficiency of the
system is about 12.45%. The PV panel has an exergy

efficiency of about 18.2%, and the system’s overall exergy
efficiency had enhanced about 3.23%, and the PV panel
power production efficiency had increased to 11.4%, and
the electrical efficiency was about 12%.

Kabeel et al. (2019) studied the effect of PCM, varying
mf w, and glass cooling of an ISPBSS. Figure 40 shows
the schematic diagram of the PV/T integrated ISS. The
experimental setup consists of an inclined photovoltaic (PV)
panel in an ISS, and the glass cover on the top of the solar
still was cooled by the continuous constant water circulation
for the collector cover cooling to augment the productivity
of solar still. For further increase in distillate productivity,
PCM was provided at the bottom of the basin. Two storage
tanks are provided to store the evaporated water from the
glass cover and another for hot water from the ISS. From
the experimental study, it has been revealed that the PV
performance and the ISPBSS productivity depend on the
solar panel surface, glass, and water temperature. Increasing
the mf w increased the PV performance but negatively
affected the ISPBSS productivity. Under minimum mf w,
the freshwater yield with fully opened cover cooling was
higher than the partially opened cover cooling. The water
quality analysis revealed that the pH value of potable
water produced during the trials was in the range of
6.5 to 7.2 and it is within the drinking water standards.
Economic analysis: The tracking system implemented in the
solar requires higher initial investment to produce marginal
output(Fig 41).

Fig. 40 Photo of the active PV/T integrated ISS (Manokar et al. 2018c)
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Fig. 41 Schematic diagram of
the PV/T integrated ISS (Kabeel
et al. 2019)

Conclusion

Freshwater crisis is one of the major problems nowadays
around the world. In order to tackle this crisis, solar desa-
lination is considered as one of the best options because of
its ability to utilize solar energy which is renewable, clean,
and cost free. Researchers used this inclined solar still with
modified designs to increase freshwater productivity when
compared with the conventional solar still.

Through this review is a better understanding of design
modification and researches which were done on the diffe-
rent types of solar still such as basin-type, weir-type, semi-
circular trough-absorber ISS with baffles, ISS made inte-
grated into different possible solar still, and ISS embedded
with an external condenser and with the active solar still.
Through this paper, the yield obtained by some important
ISS is clearly given in Table 1. From the figure, it has been
clear that ISS with baffles has the maximum productivity of
freshwater of about 3.5 kg m−2. MWSS with blackened wet
jute cloth as a wick has a yield of about 2.5 kg m−2 day−1.
SSS produced maximum daily productivity of about 5.63 kg
m−2 day−1. Solar desalination system having a condenser
integrated with FPC and vacuum pump for enhancing the
productivity of freshwater, and this system has a maximum
yield of about 10.94 kg day−1. ISPBSS with PCM has a
maximum total freshwater yield of about 14.17 kg m−2.

The following section summarizes and presents the
abstracts of the experimental works done on ISS:

• Phase changing material is one of the good methods to
increase still efficiency by storing the heat provided by
the solar energy.

• Use of external reflectors in the inclined solar still
enhanced the productivity of distilled water.

• Integration of different types of solar still is also
considered as the best method to improve freshwater
productivity.

• Use of wicking materials increases daily freshwater
yield by increasing the residence tie of water in the still
and also helps in maintaining the minimum water depth
in basin of still.

• The overall efficiency of the still is also augmented
by the provision of latent heat thermal storage and
recirculating the hot water from the hot water tank again
into the inlet feed water pipe which will help in the
desalination process.

• Design dimensions and operation conditions have the
notable impact on ISS performance which is to be
optimized in a careful way to get higher efficiency and
improved performance.

• The condensation rate is improved by the glass cover
cooling method. The higher condensation rate is achie-
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ved when a thin layer of water is allowed to flow over
the glass cover of still than the thick layer of water.

Suggestion for the scope of future research
work in ISS

Using nanotechnology, the evaporation rate of ISS can be
further improved:

– MXene Aerogel–based phase-changing materials can
be used.

– An external condenser can be attached to an active ISS
to improve efficiency

– A solar tracking system can be embedded to the solar
still to receive constant heat from the sun

– Peltier effect can be implied to increase the condensa-
tion rate to an ISS

– Sensible materials, composite materials, and nano-
particles can be used as heat storage material in the
ISS

– Future studies are also required to more focusing on the
effects of nanoparticle-enhanced latent heat materials;
ISS design optimization and different basin material
in order to determine the best designs that achieve the
highest performance and lower cost.

– Electric heater, Peltier element with Audrino-based
controller can be incorporated with the ISS.

Abbreviations SBCW, shaded black cloth wick; CSS, conventional
solar still; FPC, flat plate collector; FRP, fiber-reinforced plastic; ISS,
inclined solar still; WISS, wick-type inclined solar still; LHSM, latent
heat storage material; MSS, main solar still; PCM, phase change
material; PV/T, photovoltaic/thermal; SSS, stepped solar still; PSS,
pyramid solar still; TPSS, triangular pyramid solar still; VFPR, vertical
flat plate reflector; AISPBSS, active inclined solar panel basin solar
still.
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