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Abstract

This current, comprehensive study of the literature
provides a full review of recent developments in a variety
of various kinds of solar stills. This review looks at studies
on double-slope, hybrid solar stills, single-slope, with a
condenser unit, and other particular types of solar stills.
Along with a general review of the many types of solar stills,
the writers also present a complete summary of the most
recent research publications in the field to make the work
more relevant to readers. This review study offers an
overview of the various desalination techniques. The
running expenses of desalination systems have not
decreased over time, despite significant developments in
the field. The cost of manufacturing desalinated water has
been attempted to be lowered by the application of
advanced technologies. The cost of producing desalinated
water is significantly reduced when solar stills are used for
desalination. In this review paper that follows, innovative
designs and methods for solar still desalination are being

used to increase daily productivity while lowering
production costs. Numerous changes were tried to extend
the residence time and surface area of water that could
evaporate, but these changes did not cause the feed water
to remain in the still's basin for an extended period.

Keywords: Solar still, desalination, active, passive, water
surface, operational cost and time

1. Introduction

Water is a basic human requirement, and both
industrialized and developing nations are struggling to
maintain a year-round supply of high-quality drinking
water. Industrial waste and sewage dumped into water
bodies contaminate the water's cleanliness and cause fatal
diseases in the underprivileged in developing nations.
Therefore, it is imperative to take action to obtain pure
water utilizing renewable energy. Only 1% of the water in
natural sources is fresh and drinkable, 79% of it is salty, and
20% of it is brackish, according to a survey done on the
issue. Many nations entrust the task of providing clean
water to their residents to the rural areas. The brackish
water is tried to distill. For this, many conventional
techniques are popular. These include reverse osmosis,
electroanalysis, thin-film distribution, multistage fresh
evaporation, and multi-effect evaporation. However, these
methods need a lot of energy and are not practical for
collecting fresh water on a wide scale.

As part of the hydrologic cycle, the sun warms water from
rivers, lakes, seas, and other big bodies of water, turning
seawater into potable water. The solar energy is converted
into short electromagnetic waves that move through
transparent surfaces like glass during the solar distillation
process. The basin still contains almost all toxins. The vapor
cools and condenses into water droplets or a sheet of water
on the underside of the colder glazing. The use of a
thermocouple and a wooden box as insulation boosts
freshwater output by reducing heat loss. There are both
active and passive varieties of solar stills. The most popular
kind of solar stills are passive solar stills, which only use sun
energy to make distillate. Thermal energy collectors are
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one example of mechanical equipment used by an active
solar system to supply hot water.

Photovoltaic (PV) technology is a fast-emerging field with
rapidly falling costs. Furthermore, over the past few
decades, a great deal more research has been done on
combining this technology with desalination techniques.
Additionally, using this method is a great way to supply
small towns on isolated islands with access to the sea or
brackish water with desalinated water. These communities
are located in distant, dry areas. The solar system's
extended lifespan, low noise level, simple maintenance,
modular design, and lack of greenhouse gas emissions are
among its many advantages. Typical electricity-dependent
desalination techniques that might work well with this
technology are reverse osmosis (RO) and electrodialysis
(ED). In water-scarce areas, combining these techniques
with solar PV systems shows a lot of promise for expanding
water supplies.

2. Desalination process

The term "desalination" refers to the process of treating
water that removes salts from brackish or seawater to
create fresh drinkable water or water with a low total
dissolved solids (TDS) content. Several methods can be
used to desalinate water. Lee, Sangho, et al. (2019) the
technologies for wastewater treatment that are most often
used today are described in this section. Qasim,
Muhammad et al. (2019) there are many different methods
for purifying water, and both electric power and natural
forces can be employed to accomplish the same thing.
Thermal energy sources are used to heat the seawater
during the phase shift or thermal process, which causes
evaporation to produce condensed vapor and pure distilled
water. Lin, Shihong (2019) the saline water is desalinated
using the membrane method, which involves passing the
water through a membrane with specific properties, such
as porosity, selectivity, and electric charge, which allow the
removal of ions from the saline water Darawsheh et al
(2019). Figure 1 displays the various thermal and
membrane-based desalination techniques.
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Figure 1. Methods of desalination process

An age-old technique for removing impurities and making
saltwater potable is solar distillation. The procedure was
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described by Aristotle in the fourth century BC. In the
1960s, Dunkle et al. (1961) proposed and discussed the
links between heat and mass transfer and showed how
temperature and pressure affected the efficiency of a
straightforward basin solar still. A summary of the theory
underlying the many kinds of solar stills used in the 1970s
was presented by Talbert et al. in 1970. Elsaid, Khaled, et
al. (2020) the history of solar distillation in the 1980s was
examined by Malik et al. (1982), who also discussed the
improvements in the efficiency of several solar still types
during that time. Desalination and renewable energy
history have also been covered by Delyannis et al. (2003).
Despite being utilized sparingly, solar still has been studied
since the nineteenth century. When exploiting solar
energy, two ways have traditionally been used. Koutsou, C.
P., et al. (2020) one method involves directly absorbing
energy from salt water, and the other involves heating
water indirectly and letting it evaporate in a centralized
facility.

The base water, which is seawater or brackish water, is
heated to boiling during a phase transition or thermal
process. When water is heated to a boil, salts, minerals, and
contaminants are removed from and separated from the
steam that results, and they are left with the base water.
The condensed droplets of the steam's cooling and
condensation melt to become drinkable water. Lower
energy consumption is required for salt separation in
membrane or single-phase processes because there is no
phase transition (no heating to boiling). The three primary
thermal desalination procedures are (i) MSF; (ii) MEF; and
(iii) VCD, which may involve either MVC or TVC. The two
primary membrane processes are ED and RO. Honarparvar,
Soraya et al. (2020) for reverse osmosis to work, a pump
that increases the saline solution's pressure to the required
amount must be powered by electricity or shaft power.
This water is desalinated by using the appropriate
membranes at two electrodes with opposite charges,
which is similar to electrodialysis, which also employs
electricity to ionise water. All processes—thermal and
membrane—require a chemical pre-treatment of raw
seawater to avoid/prevent sealing, foaming, and fouling.
They also requires a chemical post-treatment.

Apart from the thermal and membrane desalination
procedures, there are two fundamental associative
desalination techniques: freezing and ion exchange. In
the 1950s and 1960s, these two desalination techniques
piqued the curiosity of researchers. When ice crystals
form during the freezing process, salts get separated, and
cooling causes them to become desalinated. Cleanse the
water once it has cooled but before the entire body of
water freezes. Regenerative heat transfer, which has
exceptional energy efficiency, occurs when something
freezes then melts. Cations and anions are exchanged
between organic and inorganic compounds during the
ion exchange process. Demineralization is the result of
this interaction. Since the year 2000, this procedure has
been used in the industrial sector. Renewable and
conventional energy sources are both compatible with
the desalination plants.
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3. Infrared technologies

As the name suggests, thermal technologies entail heating
salt water and gathering condensed vapor to create clean
water. Jadhav et al. (2021) due to the high expense, the
thermal method is not wused for brackish water
desalination. Researchers assert that they have
nevertheless been used to desalinate seawater. Feria-Daz,
Jhon Jairo, et al. (2021) claim that they are frequently
divided into the three groups of MSF, MED, and VCD.
ZhiHong Zhang et al. (2019) the MSF, MED, and VCD
distillation processes heat saline water to create water
vapor, which is then condensed to create fresh water,
starting the natural water cycle.

3.1. Multi-stage distillation (MSF)

The pressure at which each stage of the plant operates
decreases over time. Ghazy, Mohamed, et al.(2022) the
flashing of heated water into the pressure-reduced
chamber produces a vapor that is known as the tubes run,
which is cooled by the cooler feed water going in and falls
into the trays as a hot freshwater product.

For more than a century, this technique has been used. This
idea was discovered in the 1950s by Scottish inventor Weirs
of Cathcart, who used it to create the MSF. Due to its
economic scale and ability to run on low-grade steam, this
had a significant impact on development and application
during the 1960s. Rezk, Hegazy, et al.(2022) and Tayefeh,
Mohammad (2022) currently, 64% of the world's
desalinated water is produced by the MSF. The MSF is a
reliable method, but the process is energy-intensive
because it uses both heat and mechanical energy.

3.2. Multi-effect distillation (MED)

The multi-effect distillation process is the first type of
desalination and, thermodynamically speaking, produces
the most fresh water from seawater. The MED utilizes the
notion of minimizing the ambient pressure with the effects
ordered serially and operates in a sequence of evaporators
referred to as effects. Assad, Mamdouh El Haj, et al. (2022)
this enables seawater used as feed to boil multiple times
without requiring additional heating after the initial effect.
The saltwater is heated to the point of evaporation in the
first effect after preheating.

Xu, Shiming, et al. (2022) the first effect's vapor is supplied
into a network of tubes, where it condenses and warms the
surface of the tubes. The heat from the condensation of the
steam in the tube provides the energy needed to cause the
saline water to evaporate. The next lower pressure stage
(effect) receives the evaporated salty water with a smaller
percentage of saline water, where it condenses to produce
fresh water. Paixdo, D. F. S., et al (2023) it uses some of the
heat it produces in this process to evaporate some of the
remaining seawater feed. This indicates that the seawater
injected into the tubes in the first action is only partially
evaporated. Hadavi, Hamed, et al. (2023) the residual feed
water is fed to the second effect when it is applied to a tube
bundle once more. Do Thi et al. (2023) the vapor is
condensed to generate fresh water after heat is released to
evaporate some of the remaining feed water. Shahzada,

Aly, et al. (2023) this goes on for multiple effects up to 21
effects with a performance ratio of 10 to 18.

The top brine temperature (TBT) in a few plants has been
designed to function at 70°C in the first effect, which
decreases the risk of seawater scaling while increasing the
additional heat transfer area in the form of tubes. Parsa,
Seyed Masoud, et al. (2021) an MSF Plant uses more energy
than a MED Plant, which uses less. Chen, Qian, et al. (2021)
the MED plant has a greater performance ratio than the
MSF plant. In terms of thermodynamics and heat transport,
the MED is thought to be more effective than the MSF.

3.3. Vapour compression distillation (VCD)

The vapor compression distillation technique works in
conjunction with other procedures including single-effect
vapor compression and evaporation and multi-effect
distillation (MED). The idea of vapor compression facilities
is to lower the pressure by lowering the boiling point
temperature. In the process known as vapor compression
distillation (VCD), Wen et al. (2020) the heat needed for
evaporation is predominantly produced by compressing
the vapor. The mechanical compressor is often electrically
powered, and solely electricity is utilized to distill water.
Mallinak et al (1987) To put it another way, the compressor
draws a vacuum from the evaporator before compressing
and condensing the vapor it has drawn. Kelsey, Laura, et
al.(2021) the feed sea water is sprayed onto the heat
bundle's exterior, where it practically produces more vapor
as it boils and evaporates.

The thermo vapor compressor (TVC) is the name for the
steam jet type. By lowering the ambient pressure inside the
main vessel, a venture hole at the steam jet generates and
extracts water from the main vessel. Razmi, Amirreza, et al.
(2019) while MVC units have a size range of up to 3000
m3/day, TV units have a size range of up to 20,000 m3/day.
The biggest unit's energy usage is 8 kWm3. Sharan,
Prashant, et al. (2019) both the MVC and the TVC units are
used in drilling sites, businesses, and resorts. VCD is a
straightforward and power-efficient method because of its
low operating temperature. Scale formation and tube
corrosion are reduced by the low working temperature
(below 70°C).

3.4. Alternative/Associative processes

In the process of desalinating water, many procedures have
been modified. However, no other approach has been as
successful in commercializing as the MSF, ED, and RO.
Alternative/associative approaches may be useful in terms
of performance, cost-effectiveness, commercialization,
and utilization in specific situations. lon exchange solvent
process and freezing are these processes.

3.5. Freezing

In the 1950s and 1960s, research on freezing was limited to
finding ways to enhance the performance of products. The
idea is that by cooling the water until crystals form under
the predetermined circumstances, feed water or seawater
can be desalinated. The dissolved salt in the feed water is
excluded from the freezing process. The combination is
washed and rinsed to get rid of the salts in the remaining



water at the point of ice crystal formation (before the
entire bulk of feed water turns frozen). After that, the ice
crystals are melted to create fresh water. High energy
efficiency is made possible by the regenerative nature of
the freezing and melting heat transfer processes. In the
latter half of the 20th century and the first half of the 21st
century, several plants were constructed, although they
were not financially viable. However, in Saudi Arabia, solar-
powered desalting facilities using freezing technology were
developed in the late 1980s. The freezing technique has a
better use in the treatment of industrial waste in the
second decade of the new century. The freezing method of
desalination uses the least amount of energy and has less
corrosion and scaling. Desalinated water created by the
freezing technique can be utilized as drinking water and for
irrigation. It does, however, require managing ice and
water combinations.

3.6. lon exchange: solvent process

Industrial effluent, seawater, and brackish water have all
been effectively treated using ion exchange membranes.
They are effective in treating pharmaceuticals that contain
ionic species as well as in the production of simple chemical
compounds. Aroussy, Youssef, et al. (2020) lon exchangers
are solids that can transform cations into anion in solution
and vice versa. However, it cannot be used to treat and
desalinate brackish or seawater due to the high initial
investment expenses.

3.7. Reverse osmosis (RO)

RO is a membrane separation method for desalinating
water that was originally commercialized in the early
1970s. In this procedure, feed water is filtered and
pressurized before passing through a semi-permeable
membrane, which allows water to pass through while
keeping salt from clogging the passage. By passing over a
membrane, this separation from the solutes (dissolved
material) occurs without heating or phase change. Only
pressurizing the supply of water through the membrane is
what uses the energy. During this procedure, water crosses
the membrane against its usual flow direction, leaving
behind concentrated dissolved salts. Aly, Shahzada, et al.
(2021) saline water delivery system: To filter out material,
raw seawater is pushed via garbage bins and provided
(traveling) screens.

3.7.1. Pre-treatment

It prevents fouling of the membrane surfaces, high-
pressure pumps, and RO section, pre-treatment is crucial
to the RO process. Using a multi-media gravity filter with
the ability to remove particles larger than 0 m, the
seawater is treated in this stage to remove debris, particles,
and suspended solids. Through biological disinfection,
chemicals like sodium hypochlorite are injected into the
water to kill bacteria and algae and stop the proliferation
of microorganisms. Sulphuric acid is also added to control
the production of scale and to modify the PH, along with
ferric chloride as a flocculant.

3.7.2. High-pressure pumping

To allow the water to travel through the membrane, a high-
pressure pump must be used to supply the necessary
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pressure. The semi-permeable barrier allows water to pass
through but blocks the passage of discharged salts. The
concentrated brine water is dissolved by it. The pressure
range of brackish water is 15 to 25 bars, while the pressure
range of seawater is 54 to 80 bars.

3.7.3. The RO membrane separation modules

Only a limited quantity of salts pass through a RO
membrane, despite the fact that in theory it should be
semi-permeable and have a high water permeability,
providing an impenetrable barrier to salts. A membrane
has a large surface area for the greatest flow. Some
membranes have discharge pressures of up to 84 kg/cm2
and can function as pumps. The pressure for seawater
varies from 54 to 80 bars.

3.7.4. Post-treatment

The water is stabilized by the post-treatment. To meet the
requirements for drinkable water and to remove dissolved
gases such as hydrogen sulfide and carbon dioxide, the line
is added. When opposed to MSF and MED procedures,
material corrosion issues in RO processes are less common.
Instead of metal alloys, polymeric materials are used.
running membranes and the use of energy recovery
devices lower the running costs of RO plants. In the 1990s,
two improvements happened that helped lower the
operational costs of RO plants.

1) The employment of energy recovery devices and the
creation of more effective membranes. 2) The most recent
membranes have higher water flux rates per unit area,
better salt rejection, lower costs, and longer useful lives.
However, some of the drawbacks that need to be
fixed/remediated include the need for a significant amount
of raw water, the membrane scaling brought on by salt
precipitation, and the susceptibility of membranes to
fouling.

3.8. Electro dialysis (ED) and electro dialysis reversal

By using electrical currents to move salt ions through a
membrane during the electrochemical separation process
known as electrodialysis (ED), drinkable water is produced
in the process's byproduct. The original purpose of ED was
to desalinate seawater. However, it has traditionally been
used with brackish water. The membrane stack, pre-
treatment system, post-treatment system, power supply
for the direct current rectifier, PV system, and low-pressure
circulation pump are the essential parts of an ED unit.
These theories serve as the foundation for how
electrodialysis functions. These ions go in the direction of
the electrodes with the opposite electric charge because
like poles repel one another and unlike poles attract one
another. The concentrated water (brine) is left behind as
the feed water passes through the membranes and
produces a steady stream of desalinated water. In other
words, the positively charged electrode rejects cations
while allowing anions to flow through the anion-
permissible membranes. The negatively charged electrode
rejects anions while allowing cations to pass through the
cation-acceptable membranes. The membranes desalinate
the input water as it passes through them, producing the
product water while discarding the brine.
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Although the productive channel and brine channel in
electrodialysis reversal (EDR) are the same as those in an
ED plant, it is a variation of the basic ED process. Doctorate
polarity fluctuates throughout time, which reverses the
flow through the membranes. It is avoided to build
channels to the feed water. This increases the viability of
the self-cleaning process. In reality, because the EDR is self-
cleaning, it only needs a minimal amount of feed water pre-
treatment and chemical addition for membrane cleaning.
With a salinity of up to 12000 ppm TDS, brackish water is
better suited for the ED process.

3.9. Photovoltaic modules in solar still

Materials and technology used in photovoltaic (PV) systems
directly convert solar radiation into electrical energy. The core
component of the SPV system is the solar cell. Alexander
Becquerel's 1839 discovery of the photoelectric effect served
as the foundation for the convergence approach. The
photoelectric effect illustrates how positive and negative
charge carriers are released when light touches a substance. It
is only a P-N junction diode, nothing more. Typically, a single
SPV cell has a power output of only one or two Watts. These
fragile, thin cells are made of a variety of semiconductor
materials. For long-term weather resistance, SPV cells are
sandwiched between glass and/or polymer-based protective
coatings. The interconnections are determined by the desired
voltage and current levels. The electrical grid is then
connected to one or more arrays as part of a complete SPV
power production system. Because SPV systems are modular,
they may be designed to meet almost any size of electric
power requirement.

Solar cells may create power in two ways. The first
technique absorbs input light photons to produce electron-
hole pairs. Since the incoming photon has greater energy than
the band gap of the SPV cell material, electron-hole pairs
permeate into the solar cell. However, electrons and holes
are metastatic and, on average, only persist for the duration
of the minority carriers’ lifespan before recombination. If the
carriers recombine, the electron-hole pairs generated by light
will be lost, and no current will flow and no power will be
generated by SPV cell. The second method is for the P-N
junction to gather these carriers. This recombination is
prevented by spatially isolating the electron and hole
through a P-N junction where the action of the electric field
alienates the carriers. If the minority carrier produced by
light reaches the junction, it is floated over it by the electric
field and becomes a majority carrier. The light-generated
carriers flow via the external circuit if the solar cell’s
emitter and base are shorted.

There are two ways solar cells can produce power. In the
first method, electron-hole pairs are created by absorbing
photons of incoming light. Electron-hole pairs enter the
solar cell because the energy of the incoming photon is
higher than the band gap of the material used in the SPV
cell. On the other hand, holes and electrons are metastatic
and usually only survive as long as the minority carriers do
before recombining. The electron-hole pairs produced by
light will be lost if the carriers recombine, and the SPV cell
will stop producing power and current. The P-N junction
can collect these carriers as the second technique. By

spatially separating the electron and hole through a P-N
junction, where the action of the electric field alienates
them, this recombination is avoided.

4. SOLAR stills and their types

Salty or brackish water is desalinated using solar radiation.
Simple desalination technology without any moving parts.
A gloomy basin with feed saline water at the bottom is
encircled by a transparent glass cover at the top of a solar
still. The complete system has airtight insulation at the
bottom and sides, as shown in Figure 2. Solar energy is
gathered by the glass cover's outside surface and then sent
into the solar still, where it is absorbed by the basin's
blackened surface. Warming up, evaporating from the
basin, and condensing on the inside surface of the glass, the
salty water in the basin separates the microbes and salts
from the pure distillate. The efficiency of solar still will
increase if there is a sustained large temperature
differential between the evaporating and condensing
surfaces and there is little vapor loss.

Glass cover

distillate trough

$~——Insulation

Water

Aluminum pan

Figure 2. Solar still

According to the table below (Figure 3), solar distillation is
divided into different categories based on the processes
involved, the experimental setting employed, and the
shape and design of the solar still. However, with active
solar still, the rate of evaporation and condensation is
further increased by including additional sources into the
already-existing desalination system, such as reflectors,
solar collectors, and condensers.

Solar distillation

.

Passive Active
(—= Conventional solar still High temperature

With Reflector distillation

= Multi effect solar still Auxiliary heating
‘ distillation
—With Condenser

Distillation with

— New design solar still collector

— Life raft Nature distillation
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Tubular

Regeneration

— Inclined solar still

Figure 3. Classification of solar stills

The various kinds of solar stills that are used have already
been covered in these. This section examines in detail the



many designs of single-basin, newly developed, and
stepped solar stills that are presented in the literature.

4.1. Basin solar stills

Several researchers changed the design of the single-basin
solar still to improve productivity. Additional subcategories
of basin sun stills include double slope basin solar stills,
triple basin solar stills, and inverted multi-basin solar stills.

4.2. Double slope basin solar still

Murugavel et al. (2008) as seen in Figure 4, a single basin,
double slope simulation solar still was created. In this
instance, the two slopes of the glass were used to collect
the distillate. Fathy et al. (2018) the trials are carried out
for three systems—a solar still with fixed PTC, a solar still
with tracked PTC, and a conventional solar still—as well as
for two scenarios of saline levels in the basin of 20 and 30
mm during the summer and winter seasons. The findings
show that PTC-equipped solar stills outperform
conventional solar stills in terms of productivity and sill
temperatures. Gnanaraj et al. (2018) to modify the fagade,
an exterior mirror was placed. Productivity was slightly
increased by internal modifications.  Productivity
significantly increased when both internal and external
improvements were achieved. In comparison to a solar still
with no alterations, the efficiency of the double-slope
single-basin solar still with both external and internal
adjustments was 53.89% greater. Jani et al. (2019) in 35°N
and 89°E, the double slope single basin solar still was tried.
For the circular fin and square fin solar stills, the production
was assessed for differences in water depth in the basin.

According to Gnanaraj et al. (2019), the traditional still
produced 1880 ml/m2ed of distillate each day. The
distillate output of the stills with finned corrugated basins,
black granite stills, wick stills, reflector stills, and stills with
all external and internal alterations. These numbers
exceeded the conventional still's production by respective
margins of 58.47, 69.84, 42.33,93.3, and 171.43 percent.

Modi et al (2021) glass covers with East- West and North-
South orinetations were used during the trials. Al203
nanoparticles improved the distilled output of the still by
19.67%, 32.21% and 39.21%, respectively for the water
depths of 10 mm, 30mm, and 20 mm for the North-South
orientation.

Elmaadawy and Khaled (2021) a thermal and economic
analysis of the system was performed by computing energy
and exergy efficiencies as well as production costs. The
results showed the intended improvements in each
circumstance, and the MDSSS-lIIl produced the best
outcomes. The yield, typical energy efficiency, and typical
exergy efficiency in this case all improved by 68, 50.6, and
146.3% in comparison to CSS. Essa (2020) the basin liner
and fins of the solar still were covered with a 2.3 cm coating
of silica gel.

4.3. Triple basin solar still

Two glass sheets are placed between a single-basin still's
glass lid and basin liner in Sebaii et al.'s produced triple
basin still (Figure 5). Kabeel et al. (2018) according to the
experimental findings, a graphite-based single-basin still
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generates greater daily output than a typical single-basin.
A single-basin still that used graphite produced about 8.76
I/m2 per day as opposed to the average 5.90 I/m2 per day.
Compared to a typical single-basin still, daily manufacturing
of the single-basin still using carbon as a useful storage
material is higher.

Thermocouples

] | ]
= |

Inner basin | Temperature
‘ indicator

Figure 4. Single basin double slope simulation still

Manokar and A. Muthu (2018) the performance of the
Inclined Solar Panel Basin (ISPB) in active and passive
modes with and without the Flat Plat Collector (FPC) is
compared in the current study. The active and passive
modes, with daily yields of 6.3 and 8.2 kg, respectively,
produce the highest yields. The daily efficacy of the active
mode is 46.87% and 6.6% whereas the daily efficacy of the
passive mode is 39.82% and 2.9%, respectively.

Srithar and Rajaseenivasan (2018) this article discusses
recent developments in the solar still with
dehumidification and humidification desalination systems
employing renewable energy sources to increase the rate
at which fresh water is produced.

Al-harahsheh and Mohammad (2018) in this study, water
was desalinated experimentally using a solar still outfitted
with PCM and connected to a solar collector. The amount
of desalinated water produced rose directly as the
temperature and hot water flow rate increased.
Additionally, the maximum unit output was achieved at a
cooling water flowrate optimum of roughly 10 ml/s.

Ghandourah and Emad (2022) in the current study paper,
it is show how using corrugated plates could expand the
evaporation area and boost PSS production. Because the
absorber plate is made of a corrugated sheet, it is referred
to as a pyramid solar still with a corrugated absorber plate
(PSSCAP). Mevada and Dinesh (2022) in this experimental
work, an effort was made to increase the distillate
production and efficiency of SS by utilizing the excellent
absorption and heat transfer ability of ESM. For SSWESM
and CSS, the daily distillate yields were 2.3 kg/m2 and 3.2
kg/m2, respectively. Because it boosts water evaporation
during the day and releases heat at night, the ESM
generates more distillate than the CSS.

Sharshir and Swellam (2022) the MTSS and conventional
TSS (CTSS) were evaluated about several factors, including
thermal energy efficiency, freshwater output, energy
efficiency, and total heat transfer coefficient. According to
the findings, the productivity of freshwater was increased
by 28, 59.2, and 82.5% depending on the order of the cases.
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Gnanaraj et al. (2022) examined how quickly production
values and temperature parameter values changed as the
number of sunshine hours increased and decreased as the
main objective. The heat-storing substance in the still
increased production by 23.08% over the standard still. But
the still with the reflector had a 62.97% increase in
production.
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Figure 5. Triple Basin Solar still. (Source Sebaii et al. 20051)
4.4. Multi-basin inverted solar still

To raise the water temperature and decrease bottom heat
loss, Suneja and Tiwari (1999) created the inverted
absorber multi-basin solar still depicted in Figure 6.

Patel et al. (2020) in the ongoing study, a CTBSS that uses
EVHPP, CS as an absorber, and SHSM is experimentally
tested.

Modi et al. (2020) the performance of the spherical basin
solar still has been examined for a variety of water masses,
including5L,4L,3L, 2L, and1Linthebasin. For5L, 4L,
3L 2L, and 1 L water masses, the daily yields in the basin
were 9.9034 L/m2, 8.7832 L/m2, 7.7678 L/m2, 5.8937
L/m2, and 3.8974 L/m2, respectively.

Kumar and Vishwanath (2015) the current study aims to
describe the design requirements and emphasize the
benefits and drawbacks of several solar stills that have
been the subject of research in the recent past.
Additionally, a discussion of potential future developments
is provided, along with some suggestions for enhancing
solar stills to more efficiently generate potable water.

Sharshir and Swellam (2022) experimental data were
collected and examined to determine the impacts of adding
nanoparticles and ultrasonic foggers to a modified pyramid
solar still (MPSS) with evacuated tubes and an external
condenser in comparison to a conventional pyramid solar
still (CPSS). The statistics show that the levels of freshwater
produced by MPSS, which employs six evacuated tubes and
an external condenser, are 91.09%, 18.48%, and 45.26%
greater than those of CPSS.

Chauhan and Vikash Kumar (2021) extensively studied how
to improve solar desalination technology by using new
nanocrystals and phase change materials (PCM) to increase
the output and efficacy of solar stills. Chaurasiya and Prem
Kumar (2022) in this study, the impact of different altered
designs is examined. It is clear that among all the design
modifications, the Fresnel lens merged with single-slope
single-basin passive solar still enhances output by 732.89%.
When hybrid solar and a PV/T collector are used together,
production is increased by 370 percent.

Arunkumar (2019) a simple device called a solar still uses
solar energy to evaporate and condense water to purify it.
Between 2 and 5 I/m2/day are commonly produced by the

common solar still (CSS). Somwanshi et al (2023) the
performance of CLIWSS has been calculated for November
and June in Gujarat, India. The storage tank enhances the
distillation of water during the night. The maximum hourly
distillate production of the planned still is 2.345 L/m2/h for
May and 3.213 L/m2/h for December.

Figure 6. Inverted absorber multi-basin solar still. (Source:
Suneja and Tiwari 1999)

4.5. Innovative solar stills

To increase productivity, several researchers adjusted the
geometry of solar stills in their design. The following
subcategories of newly designed solar stills can be made
based on their design: Spherical, Pyramid, and Tubular
solar stills.

4.6. Spherical solar still

A straightforward spherical and pyramid solar still with low
thermal capacity, small weight, low cost, and simple
operation was created by Jayaprakash et al. (2009) and is
depicted in Figures 7 and 8.

Figure 7. Spherical solar still. (Source: Jayaprakash et al.2009)

Figure 8. Pyramid-shaped solar still. (Source : Kabeel et al. 2009)

4.7. Tubular Solar still

According to Figure 9, Tiwari and Kumar (1988) created a
tubular solar still with a rectangular black iron tray resting
on a glass tube.

4.8. Stepped solar stills

To increase productivity, several researchers updated the
Stepped solar stills' architecture. Stepped solar stills can be
further divided into the following categories according to
design:

e (Cascade solar still



e Tilted wick type solar still
e Steeped solar still

e Improved wick type-basin solar still

Figure 9. Tubular solar still. (Source: Tiwari and Kumar 1988)
4.9. Cascade solar still

According to Figure 10, Ziabari et al. (2013) created a
cascade-style solar still with negative stairs to lengthen the
duration of the waterfalls.

4.10. Wick-type solar still

According to Figure 10, Mahdi et al. (2011) created a tilted
wick-type solar still using charcoal cloth as a wet wick
material to wet the entire Stepped absorber surface.

Steel strip

uminum channel

Brain gutier
Distillate gutter

Distillate outlet
channel

Galvanized stecl tray

Styrofoan

Figure 10. Tilted wick type solar still. (Source: Mahdi et al. 2011)
4.11. Steeped sunlight still

In experiments, Omara et al. (2013) used the immersed
solar still with internal reflectors seen in Figure 11. Here,
two stills of identical size have been created, one of which
has a flat absorber plate and the other a steep absorber
plate.

4.12. Improved wick type-basin solar still

Figure 12 depicts the improved wick-basin solar still
created by Minasian et al. (1994). In order to increase the
total distillate productivity of the integrated solar
desalination system, a basin-type sun still and a stepped
wick-type solar still were combined in this study. This
system was created to recover the waste heat that was lost
from the Stepped solar still and was used to power the
basin sun still, which was kept in cover and shade.

Table 1. Comparison in productivity for basin and Stepped type stills

MADESHWAREN et al.

Figure 11. Schematic diagram of the conventional and stepped
solar still with internal reflectors. (Source: Omara et al. 2013)

Figure 12. Improved wick-basin type solar still. Source: Minasian
et al. 1994)

5. Advantages of stepped solar stills over basin stills

Water will be still on a level absorber plate in a basin, but it
will flow down an inclined absorber plate in an inclination
still. In an inclined still, as opposed to a basin still, the
longer flow of feed water enhances the evaporation rate
and distillate production. The ability to concurrently create
hot water and freshwater distillate gives the inclined still
an edge over basin stills. Comparing inclined stills to basin
stills, there are two key advantages. To raise the distillate
output in basin stills from 2.5 liters/m2/day to 3.5
liters/m2/day—which is insufficient for the average
person's daily consumption—several adjustments were
performed. According to Prakash et al. (2015), Table 1
compares the distillate productivity of basin and stepped-
type solar stills in the literature. Stepped stills have some
advantages over basin stills that result in higher
productivity for the same collector area. For this reason,
the performance of Stepped type solar stills was
thoroughly reviewed in the next section.

6. Advances in research in stepper-type solar stills

The output of Stepped-type solar stills has also been the
subject of numerous investigations. The important
research initiatives made to improve the functionality of
Stepped-type solar stills are summarised in this section.

% increase in productivity

The type of step still Researcher and testing place Specifications of Stepped still from the basin still

Steeped type still Omara et al. (2013), Egypt Basin area =0.3x0.4 m? 47%
. . Glass cover = 4 mm. Still o
Wick-type solar still Aybar et al. (2004), Cyprus inclination =40° 60%
Cascade-type solar still Ziabari et al. 2013, Africa Glass cover_ziénnr:é Basin area 34%
Glass cover =5 mm. Cover
Improved wick-basin type still Minasian et al. (1992), Iraq inclination =20°. Wick = Jute 75%
cloth. Basin area =2.5x1.69 m?

Weir-type solar still Sadeini et al. (2006), Las Vegas stillinclination =25.6°. Basin 30%

area =2.7x1.45 m?
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6.1. Design, operational and climatic parameters

In a thorough examination and analysis using artificial
simulation on solar stills of the wick type, Yeh Ho-Ming Yeh
et al. (1986) documented the impacts of metrological and
operational parameters on the distillate productivity of the
system. The system was tested with various insulation
thicknesses and a cover plate inclination of 10° to further
increase output. According to experimental findings, solar
stills without insulation produced less distillate per unit
time than solar stills with insulation. The experiment's
wick-type Stepped solar distiller is depicted in Figure 13 a
and b shows how the productivity of the distillate is
affected by the thickness of the insulation.

(a) (b)

Figure 13. (a) Schematic diagram of a Stepped wick-type solar
distiller with artificial simulation. (Source: Ho-Ming Yeh et al.
1986). (b) Effect of insulation thickness on distillate productivity.
(Source: Yeh Ho-Ming Yeh et al. 1986)

Phillips Agboola et al. (2012) conducted experiments that
discovered that the daily distilled water obtained during
the summer season was 6.41 kg/m2, which was extremely
high and about twice as much as the daily distilled water
collected during the winter season (3.327 kg/m2). The daily
efficiency was determined to be 52.4% during the summer
season and 43.6% during the winter. The experiment's
Stepped water desalination system is depicted in Figure 14.

Figure 14. Schematic diagram of Stepped solar water
desalination system (ISWD). (Source: Agboola et al. 2012)

6.2. Water mass flow rate and incline angle

Aybar et al ( 2005) . produced and tested stepped solar
water distillation system performance. The investigations
were tested and conducted using various mass flow rates
of saline feed water. On the Stepped absorber plate,
different kinds of wick materials were used to increase the
distillate production. This Stepped solar still produces hot
and fresh water simultaneously, in contrast to traditional
sun stills. According to the experimental findings, the
productivity of distilled water increases with lower mass
flow rates and by up to three times when wick material is
utilized on a stepped absorber plate. The experiment's
Stepped water desalination system is depicted in Figure 15.

Two-stepped solar stills were the subject of tests by Sheeba
et al. in 2012. In one Stepped still, wick material was
utilized, but not in the other Stepped still. Different inflow
water mass flow rates and inclination angles were used to
test how well the Stepped solar stills performed. Based on
the investigation, it was discovered that for low mass flow
rates of water and an inclination angle of 26°, the distillate
productivity was high. When compared to non-wick-
stepped solar stills, the production of the distillate
increases by twofold in wick-stepped sun stills.

6.3. Use of wick material

Sodha et al (1981). did an experimental and theoretical
analysis of the performance of a multiple-wicks-stepped
type solar still distiller. The feed water's surface area was
increased by the capillary action of the blackened wet jute
cloth material used in this solar still. Murugan and
Saravanan (2020) the current study's objective is to
conduct an experimental analysis of the SPSS's (square
pyramid solar still) performance using various vertical wick
materials. According to the findings, productivity levels in a
basin with a water depth of 2 cm were accordingly 14.4%,
23.1%, 31.3%, and 39.6% greater than those in a basin with
a water depth of 3cm, 4 cm, 5cm, and 6 cm.

Ramalingam and Vignesh Kumar (2021) a 1-year-old dried
coconut coir disc's heat transfer coefficient, porosity,
absorbency, and capillary rise were found to be 73.25%, 2
seconds, 10 millimeters per hour, and 37.21 W/m2K,
respectively. Compared to other discs composed of
coconut coir, these figures are higher. Essa et al. (2020)
researchers looked examined how well the modified solar
still performed while the revolving discs rotated at
different speeds. The freshwater distillate produced by the
disc distiller outperformed that of the traditional distiller,
according to the results.

T A T T A A R R

Figure 15. Sectional view of double slope triple effect wick type
still. (Source: Singh and Tiwari 1989)

Abdullah (2023) the primary goal of the current
investigation is to determine how different hessian wicks
made of jute, cotton, plush, and silk fabric affect the
operation of cables pyramidal solar stills (CPSS). According
to the results, CPSS had an overall yield of 8000 mL/m2/day
as opposed to 3550 mL/m2/day for PSS. In comparison to
the PSS, the CPSS yield incremental improvement was
125%. Tuly (2021) numerous research projects have been
launched and are continuously being worked on to improve
an SS's FWY. This is achieved by introducing numerous
changes to the layout and design of SS and by enhancing
the functional and design criteria, such as active SS with
solar photovoltaic.
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A simple thermal study was performed by Singh and Tiwari
(1989) on the triple effect multi-wick solar still depicted in
Figure 2.18. The findings indicate that three effects at a
flow rate of 10-2 kg/sec in the second and third effects are
the ideal number.

6.4. Specially designed wick-type solar stills

Researchers have proposed a variety of wick-type solar still
systems to boost distillate output. The several wick-type
solar still designs include the following:

e  Wick-basin type (Minasian and Al-Karaghouli
1995)

e (Yeh Ho-Ming et al., 1986) Basisn wick type
e  Multi-effect type (Ohshiro et al., 1996)
e Stepped-wick construction (Aybar et al., 2005)

e Tilted-wick floating cum type (Janarthanan et al.
2006)

e Flat plate reflectors with a tilted wick design
(Tanaka Hiroshi and Yashuhito 2007)

e V-type solar still uses wick as an absorbent
material Wick type with fin for a single basin
(Velmurugan et al. 2009)

e  Wick type with a double slope (Murugavel et al.
2008)

e Concave wick-type (Kabeel et al., 2009)
e  Wick-type clothing movement (Helmy et al. 2011)

A DC motor was used to drive the cloth wick's rotation.
When the motor was turned off, the cloth wick was left out
in the sun, and when it was turned on, the wet fabric was
submerged in water. By linking it to a microcontroller chip
for high-speed data storage, a computer is created. The
studies were carried out under various motor ON and OFF
period circumstances. The distillate yield and thermal
efficiency of the still were found to be at their highest with
an ON period of 30 seconds and an OFF time of 25 minutes,
according to the data. The concept for a stepped solar still
with a cloth-moving-wick construction is shown in Figure
16.

Input water

Glass cover
@ Copper tube

with motor

Cloth belt

Water 7
= [~Wooden box

Iron frame

distillate water

Figure 16. Cloth moving wick type Stepped solar still
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6.5. Impact of water spraying against glass cover

Dhiman and Tiwari (1990) looked at the effects of water
flowing over the glass cover of a multi-wick solar still. In this
case, the water is made to flow over the inside surface of
the glass cover to increase the temperature difference
between it and the water in the still. This water-cooling
effect led to an approximate 10% improvement in distillate
production in the multi-wick solar still. The multi-wick
schematic diagram is shown in Figure 17. Water was
running over the glass lid of the stepped solar still.

Solar radiation

e //// Wet blackend jute cloth
-
~ ~
s !
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jlass over
Glass ove —_—

Water reservoir Foam

Figure 17. A multi-wick still shown in schematic form with water
pouring over the glass cover. (Source: Dhiman and Tiwari 1990)

In an experiment on the performance of tilting solar still by
Janarthanan et al. (2006), the wick material was produced
to flow over the water surface as depicted in Figure 18a.
The research revealed that for both slanted and floating
wick surfaces, there was little variation between the
theoretical and experimesntal values. Maridurai (2022) in
the current study, paraffin wax is combined with solar stills
and flat plate collectors (FPC). Heat energy is provided
during periods of low solar radiation using phase change
material (PCM)-based heat storage and FPC imitation as a
preheater. Higher productivity of water is shown at
shallower depths. With FPC and heat storage, productivity
still rises to 22%, while the peak yield rises by 15%.

Abd Elbar et al. (2020) utilising solar power, the salt water
is heated even more. The system's efficiency is also
evaluated in relation to the black steel wool fibres present
in the still basin. According to the findings, preheating 40,
50, and 60% of the salty water boosts a solar desalination
system's freshwater yield by 10.4%, 15.5%, and 20.9%,
respectively. Additionally, it increases energy efficiency by
8.2%, 13%, and 20% while increasing productivity by
26.86%, 33.51%, and 60.64%. Kamlesh and Pansal (2020) a
review study illustrates research on the single-slope and
double-slope active solar stills with solar photovoltaic.

Hassan and Hamdy (2020) the annual increase in energy
and exergy output over CSS is enhanced to a maximum of
216.6% and 325%, respectively, with CSS + SD + PTC.
Manokar and Muthu (2020) the AISPBSS was the subject of
research using a varied mass flow rate of water (mf). The
greatest freshwater yield at mf at 1.8, 3.2, and 4.7 kg/h is,
respectively, 7.5, 6.5, and 5.4 kg. Hashemi et al. (2022) a
comprehensive analysis of the integrated solar still's
energy, efficiency, economics, and environmental (4E)
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impacts is used to experimentally characterize the device
in its normal functioning. Figure 18b shows the theoretical

and present experimental efficiency.
| EEmeE
ﬂﬂ | "
(b)

Figure 18. (a) image of the still cut in half, displaying the water's
flow over the windows. (Source: Janarthanan et al. 2006). (b) A
cutaway view of the still reveals water pouring over the glass
coverings. (Source: Janarthanan et al. 2006)

El-Samdony et al. (2014) conducted a theoretical
investigation of an immersed solar still with a cooling water
film over the glass cover. The performance of an immersed
solar still with a water cooling layer and a typical basin solar
was compared in this study. Figure 19a depicts the
schematic for the basin solar still and immersed solar still
with water film cooling. Figure 19b shows the variation in
distillate productivity for the basin and immersed solar
stills.

(a) (b)

Solar radiation ~ Water cooling

N

Glass cover

Saline water

Tray

Gilass cover

\.-‘\h«-rh plate

LY
\\;\ bsorb plate

vity, kg'm2.hr

9 10 I 12 [L] 14 15 It 17 15

Time, hr

Figure 19. (a) Schematic of the basin and steeped solar still with
water film cooling. (Source: El Samdony et al. 2014). (b) Distillate
productivity varies for basin-style and immersed solar stills.
(Source: EI-Samdony et al. 2014)

6.6. Absorber plate design

A weir-type Stepped solar still, like the one in Figure 20, was
the subject of a 2008 study by Sadineni et al. The Stepped
absorber plate in this system, which is made up of several
weirs, regulates the flow characteristics of the saline water
input. This unique configuration of weirs in the absorber

plate boosts production by 20%
straightforward basin solar still.

compared to a

Weir -4 type absorber plate

Conducting cover /
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Figure 20. Schematic diagram of the weir-type Stepped solar
still. (Source: Sadineni et al. 2008)

A corrugated immersed solar still's effectiveness was
investigated by El-Zahaby et al. in 2011. In this
arrangement, a reciprocating feeding mechanism shot
saline water droplets into the corrugated immersed solar
still. With its unique set-up and absorber plate design, the
still can produce 6.355 liters of distillate per square meter
every day.

6.7. Sun tracking technique and tilt angle

Tanaka et al. (2009) investigated a vertical flat plate
reflector-mounted tilted-wick solar still for one-step
azimuth tracking, as shown in Figure 21. In this study, the
solar still was set up to rotate once throughout the day
while facing the sun's position in the south. The
performance of the still was theoretically examined by
assessing its mass and heat transfer parameters. The still
was configured with an ideal tilt angle and was coupled
with a vertical reflector to receive the maximum solar
energy. On the summer solstice, the daily distillate
productivity was at its highest and was 57% higher than
that of the traditional tilted-wick solar still.
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Figure 21. Schematic diagram of tilted-wick solar still. (Source:
Tanaka et al. 2009)

6.8. Impact of materials for energy storage

Figure 22 shows that Velmurugan et al. (2009) investigated
the effectiveness of a stepped solar still for the desalination
of wastewater. The larger and finer effluent particles were
settled down in this tank's three layers of pebble, coal, and
sand. The settled effluents were then kept in a storage tank
and fed into a steeped solar still from there. Sponge and
pebbles were utilized as sensible energy-storing materials
in the fin-type stepped still to increase productivity. The
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production of the distillate was twice as high for this
configuration as compared to a typical stepped solar still,
according to the results.

Raw effuent

Collection tray
(for settled efMuent)

Seuling
tank

Figure 22. Schematic diagram of the experimental setup for
effluent desalination. (Source: Velmurugan et al. 2009)

6.9. The relationship between phase-change materials and
mass flow rate

Radhwan et al (2004) according to Figure 23a, this steeped
solar still was specifically created with five steeped basins
and a greenhouse. To provide the heated and
humidification conditions in agricultural greenhouses (GH),
a specific arrangement was devised. The still performance
in two scenarios—still with LHTESS and still without
LHTESS—was compared.

Thalib and Mohamed (2020) when compared to other stills,
the tests showed that TSS-NPCM demonstrated the best
performance and the largest yield. The daily energy
efficiency of the stills was additionally determined to be
46%,59%, and 31%, respectively, while their daily energy
efficiency was reported to be 2.20%, 3.75%,and 1.67%,
respectively. The reported distillate yields for TSS-PCM,
TSS-NPCM, and CTSS were 4.3, 6.0, and 7.9 kg, respectively.
Toosi et al. (2021) the experiments were conducted in the
same climate-controlled environment as Iran.

Kateshia et al. (2022) compared the energy, efficiency, and
cost data for standard solar stills and solar stills that store
PCM in various kinds of fatty acids and use pin fins to
improve heat transfer. Dawood et al.( 2020) showed that
the hollow square fins enhanced productivity to 5.52
L/m2/day, an increase of 33%, from the traditional
tubular's overall productivity of 4.15 L/m2/day. In addition,
the utilization of hollow circular fins resulted in a 47.2%
increase in production, reaching 6.11 L/m2/day.

Essa (2022) the revolving cylinder of the tubular sun still
(TSS), in comparison to the conventional solar still (CSS),
increased distiller production, according to the test results.
According to the findings, a modest drop in air mass flow
rate lowers the heat load for the greenhouse and the
productivity of the distillate. The impact of mass flow rate
on the distillate yield of a steeped solar still is depicted in
Figure 23b.
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Figure 23. (a) Steeped solar still with built-in LHTESS and
greenhouse. (Source: Radhawan et al. 2004). (b) Effect of mass
flow rate on distillate yield of steeped solar still. (Source:
Radhawan et al. 2004)

Experimental research by Farshchi Tabrizi et al. (2010)
deals with a thin layer of water which was also present on
the evaporation surface, which reduced channelization. For
the experiment, two distinct kinds of solar stills—one with
LHTESS and the other without—were employed. On
partially cloudy days, conventional stills without LHTESS
were found to produce more distillate, but stills with
LHTESS were found to produce more in the summer. Both
kinds of solar stills were capable of producing the greatest
amount of distillate at a minimum mass flow rate of water
of 0.055 kg/min. Figure 24b depicts the variation in overall
productivity in the cascade solar still with phase-change
material as a function of various mass flow rates.

Figure 24. (a) View of the cascading solar still. (Source: Farshchi
Tabrizi et al. 2010). (b). Total productivity varies with different
mass flow rates.

6.10. Still Integration with reflectors

Tanaka et al. (2007) explored whether a flat plate reflector,
as depicted in Figure 25, may boost a slanted wick solar
still's performance. A theoretical analysis that evaluated
the heat and mass transfer variables was used to evaluate
the effectiveness and distillate productivity of the slanted
wick solar still. They found that over four typical days,
adding external reflectors to the still boosted the amount
of distillate produced daily by almost 9% on average.
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Figure 25. Diagrammatic representation of a tilting wick still with
an exterior reflector
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6.11. Condenser integration with a still

For the inverted tickling solar still depicted in Figure 26,
Badran et al. (2004) conducted modeling and
experimental. The flow of feed saline water was channeled
around the back side of the Stepped absorber plate in this
inverted trickle solar desalination system. To boost the
volume of water vapor created during the evaporation
process, the water flow rate in this case was limited to a
minimum. To recuperate the heat lost during the
condensation process, this system additionally had a heat
exchanger. The still distillate output was increased to 2.8
liters per day, an 18% increase over the prior work, with an
optimal tilt angle of 47° and a minimum mass flow rate of
0.7 g/s.
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Figure 26. Schematic diagram of the inverted trickle still with
external condenser. (Source: Badran et al. 2004)

6.12. Integration of still and solar collectors

By utilizing a vacuum tube solar collector to raise the feed
water temperature of the solar still, Kabeel et al. (2012)
improved the performance of the stepped solar still. By
changing the trays' size (length and depth), saline water
was taken, and the performance was further enhanced. To
compare the productivity and efficiency of immersed-type
sun stills to standard basin solar stills, experiments were
undertaken. According to the findings, the immersed solar
still produced 53% more distillate than the basin solar.
Additionally, it was discovered that the distillate yield was
higher in the steeped solar still for a tray dimension of 50
mm depth and 120 mm length. The schematic for the
immersed solar still with the vacuum tube solar collector is
shown in Figure 27.

Cold w3
Water ‘E‘

Saline water
tank

w1 V2

Hot
& Water
axit

1 va

Solar Collactor

- Absorber T .-I

Glass
Collection  cover
traugh

Glass

Collaction  cover

Absorber trough

Saline plate
water

Saline
water

Saw dust

Wooden S
box Callbrated
fask

Stepped still

PC

Figure 27. Diagram of the vacuum tube solar collector with a
basin and immersed solar still. (Source: Kabeel et al. 2012)

6.13. Including stills in solar power systems

Figure 28 shows the combined performance of single-basin
and stepped solar stills with the micro solar pond as studied
by Velmurugan et al. (2009). In this particular operation, a
combination of four parts—a settling tank, a tiny solar
pond, a tiered solar still, and a basin-style sun still—was set
up. The desalination of the wastewater is the purpose of
the entire integrated system. Here, raw wastewater was
transformed into settling effluent, which was then put into
the little solar pond to heat up. Both types of solar stills
received the preheated effluent in succession. Energy-
storing components like stones, baffle plates, and fins can
increase the productivity of the distillate during the day
and at night. The analysis revealed that this integrated solar
desalination system with energy-storing materials
improved distillate productivity by 78% overall.

Figure 28. Stepped solar still and basin-style solar still combined
with a solar pond. (Source: Velmurugan et al. 2009)

Abdulla et al. (2013) researched to assess the performance
of an immersed solar still and solar air heater, as shown in
Figure 29a. In this experiment, a solar air heater warmed
the saline feed water inside the basin. In addition,
aluminum filler was placed in the basin of the steeped solar
still to act as a heat storage medium and enable distillate
production at night. A higher temperature at the basin side
promotes enhanced evaporation, but on the other hand, a
lower temperature difference at the glass cover results in
very little condensation. Glass cover cooling was added to
the immersed solar still to solve this issue. When both hot
air and glass cover cooling were used in the steeped solar
still, the results revealed that the distillate production was
112% higher than that of a standard basin sun still. The
hourly fluctuation of freshwater productivity for
conventional and immersed stills is shown in Figure 2.32b.
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Figure 29. (a) Schematic of steeped solar still with solar air
heater and glass cover cooling. (Source: Abdulla et al. 2013). (b)
Hourly variation of productivity for conventional and steeped
stills. (Source: Abdulla et al. 2013)
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Omara et al. (2013) continuous water distillation was
achieved by combining solar stills and evacuated solar
water heaters. In this integrated solar desalination system,
3 types of solar stills (a basin solar still and two comparable
wick-type solar stills) were used. Here, investigations
involving single and double-wick layers of solar stills were
carried out and their performance was contrasted with that
of traditional solar stills. The results showed that when
linked to the conventional wick solar still, the two-layer
wick solar still generated 114% more distillate. Figure 30
shows the schematic for evacuated solar water heaters
with double and single layers of wick-type solar stills.
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Figure 30. Schematics for evacuated solar water heaters and
single- and double-layer wick solar stills. (Source: Omara et al.
2013)

6.14. Still Integration with other energy systems

It consists of three components, as indicated in Figure 31:
a wind turbine, a stepped water desalination system, and
the primary solar still. The spinning shaft with impellers in
this system, which breaks up the boundary layer of the
water surface in the basin of the main solar still, is operated
by a wind turbine. Mohamed et al. (2009) the Stepped
water desalination system was connected to the primary
solar still's outflow in this instance. This device is capable
of simultaneously producing hot and distilled water.
Different mass flow rates and water depths were the
subjects of the experiments. The system works best when
the wind speed stays within the range of 1.0 to 2.0 m/s
because it has little impact on the insolation and
temperature.

Main water tank

Rotating shaft
ith impellers

Wind turbine

#Distilled water

= Inclined solar
walcr distillation

*_ Hot water outlet

Grader to adjust the angle

Figure 31. Schematic drawing of the hybrid solar still. (Source:
Mohamed et al. 2009)
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A concept by Sabah and Yousuf (2012) included a cooling
cycle and an inverted solar still (ISS). In their experiment,
they looked into the relationship between productive feed
water and water depth temperature. The cooling cycle's
condenser in this instance contributed thermal energy,
boosting the distillate output of the inverted solar still.
Figure 32 depicts the idea for the ISS with a cooling cycle.
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Figure 32. Schematic drawing of the inverted solar still with the
refrigeration cycle. (Source: Sabah and Yousuf 2012)

Rahbar and Esfahani (2012) performed an experimental
investigation using a heat pipe and a TEM on the portable
solar still. A portable solar still with a thermoelectric unit
and a heat pipe is shown schematically in Figure 2.36a. By
connecting a thermoelectric module and an aluminium
plate at the end of the cold side, a novel technique was
used to hasten the condensation process. According to the
investigations, the water temperature on the chilly side of
the TEM was an average of 55 C. A greater variation in
temperature between glass and water is possible with the
TEM. The direction of heat transfer from various solar still
components is depicted in Figure 33b.
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Figure 33. (a) Schematic of a revolutionary solar still with a heat
pipe and TEM (b) flow of heat from various solar still elements
for condensation. (Source: Rahbar and Esfahani 2012)

7. Parameters affecting the productivity of solar still

The performance of the solar still is indicated by the
volume of distilled water generated in the basin each day
(measured in liters per square meter per day). In summary,
the performance of the solar panel is still directly
influenced by its operational, design, and environmental
factors. Among the design factors are the evaporation area,
insulation, water depth, cover type, thickness, and tilt. The
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operational parameters are the salinity of the water and
feed water preheating.

7.1. Environmental factors

The main environmental factors include wind speed,
temperature, relative humidity, and sun radiation
intensity.

7.1.1. Solar radiation

The sun's intensity and its atmospheric effects have a
significant impact on solar still productivity. The regions
with a high distribution of greater temperate will often
produce more freshwater during the solar still. The pace of
productivity and the amount of output are both influenced
by the pattern of variation in solar radiation strength on the
still during the day. To create a large amount of fresh water,
the distillation process practically needs a high saline water
temperature and excellent thermal lag.

7.1.2. Ambient air temperature

The atmospheric air temperature has a small positive
impact on the solar yield. For every 10°F increase in air
temperature, the reported increment on average is around
5 percent larger.

7.1.3. Velocity of wind

As the wind speed upsurges over a solar still, the
temperature of the cover decreases, which causes
condensation inside the still to occur more quickly. The
temperature in the still is normally lower due to a shift in
the thermal balance caused by a decrease in the
temperature of the brine water. The increased wind speed
only marginally reduces the yield since the evaporation
rate causes the temperature of the salty water to drop by
an exponential amount. According to various academic
researches, there is no impact on production with
increasing wind velocity when a seal is correctly sealed to
prevent vapor leakage in the solar still. Nevertheless, the
presence of poor tight joints in the still cover can
significantly reduce productivity through increased wind
velocity, depending on the aerodynamic coefficient as well
as the position and size of the cracks. Strong winds can also
lift glass sheets or rip plastic film. A proper design can deal
with this issue.

Design Factors:

The productivity of solar stills is primarily influenced by four
design factors: vapor tightness, brine depth, basin
insulation, and condensate leakage.

Brine Depth:

Freshwater productivity will increase as water depth
decreases. There is evidence for this phenomenon. To
speed up evaporation, a still should reach a lofty brackish
water temperature with the least amount of thermal lag.
The huge thermal capacity of the earth's water beneath still
causes a decrease in the normal uninsulated construction
due to the influence of the shallow salinity water depth on
aggregated heat capacity. Despite a vast range in water
depth, it should be highlighted that 11 stills have been
reported, defying theory or assumptions. The productivity
variations are hardly noticeable.

7.1.4. Vapor tightness

Solar stills require the preservation of vapor and air spills
to reserve at a functional minimum. The essential
requirement for preventing vapor and glass from leaking
from the solar still is sealants. Vapor leaking in the still has
caused a significant drop in solar still productivity. As a
result, the sealant issue has not yet been entirely resolved
by the designers; however, an Australian still employed
silicon rubber cement as the sealer with success. Some
examiners have been successful in estimating the amount
of vapor leakage that takes place in larger stills. The
amount of water spillage can be estimated using either the
wind-velocity coefficients or a natural thermal head,
according to recent theoretical studies. To achieve this,
though, you must either be aware of the location and size
of the fractures or at the very least have some guesses.

7.1.5. Condensate leakage

If the tank is malfunctioning, the flow rate in one channel
is so low that the whole flow can easily be lost (either
externally or by changing to salt), and even the tiniest faults
or cracks greatly reduce the distiller output. Only one piece
of completely corrosion-resistant channels has been
successfully identified. Thin steel tanks, polyethylene films,
concrete, various coatings, and composite split plastic pipe
have all failed in comparison to thin steel tanks,
polyethylene films, and copper. Tanks must be deep
enough to prevent leaks or overflows, random solutions or
obstacles, and should be large enough to lessen brine's
shadow. Condensate leaking from the tanks is the main
factor contributing to the progressive decrease in distiller
output.

7.1.6. Basin insulation

To increase the salt temperature and lessen heat loss,
solar-still basins can include insulation on the bottom and
sides. Shallow salt depths offer larger insulation benefits.
Additionally, the insulation is more advantageous for tiny
stills and individual bay-type stills than for continuous-
basin stills because heat losses are related to the
circumference. The annual production will rise by 15% for
larger stills with continuous basins and brine depths of 2
inches under the 2-inch glass insulating layer.

7.1.7. Cover designs

An asymmetrical, double-sloped cover positioned at an
angle of 10-20 degrees from the horizontal should be fairly
helpful for large installations. While double-slope glass
(0.125-inch Thickness) should be utilized at angles closer to
10 degrees when it surpasses 3 feet, single-slope glass
(0.10-inch Thickness) can be used at angles near 20
degrees. The cover should be positioned more above the
salt surface to lessen shade from the support. Compass
direction does not affect productivity because there are
stills with symmetrical, double-sloping covers that slope at
a modest inclination. Single-sloping or asymmetrical glass
coverings, which likewise have significant drawbacks, do
not increase the filtration output or cost over the
aforementioned design. They should be moistened to
reduce downward compression, and additional care should
be taken to avoid air damage and facilitate rain drainage. A
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number of blow-lift or mechanically supported stills use
plastic covering. The 4-rail wet polyvinyl fluoride (often
referred to as "Tedlar") plastic film is the most resilient
plastic ever produced for solar stills. It costs more than
glass right now and has a five-year anticipated lifespan.

8. Conclusion

This review paper's main contribution is to enhance the
performance of a straightforward solar still. The
straightforward solar distillation system employs energy
storage materials, and experimental and theoretical
parametric analyses are carried out to achieve the
contributions. The existing literature has been used to
analyse the energy analysis performance of PCM and
sensible heat material as a fixed water depth in solar
desalination, as well as for other applications like solar air
heaters. This review work includes an energy analysis for
solar desalination using sensible heat and latent heat
storage materials, as well as for other applications such as
solar air warmers under specific climatic circumstances. A
water quality test was conducted on distilled water and
salted water from a single slope passive solar still.

The accuracy of the readings obtained for the
temperatures of the glass, water, and basin liner will also
be determined using a novel thermal inquiry that has been
designed. By raising the temperature difference between
the glass and water (T), increasing the amount of heat that
can be used by the distilled water (Qd), reducing heat loss
by using energy storage materials inside the basin, and
examining the effects of various energy storage material
amounts, the study also aims to increase the efficiency of
the solar still. This review paper additionally enhances the
thermal efficiency of a solar air heater by using effective
storage of energy materials.

Abbreviation

TDS - Total Dissolved Solids

MSF - Multi-Stage Flash Desalination
MEF - Multi-Effect Desalination

VCD - Vapor Compression Distillation
MVC - Mechanical Vapor Compression
TVC - Thermal Vapor Compression
ED - Electrodialysis

RO - Reverse Osmosis

MED - Multi-Effect Distillation

ISPB - Inclined Solar Panel Basin

FPC - Flat Plat Collector

PCM - Phase Change Material

PSSCAP-Pyramid Solar Still With Corrugated Absorber Plate

CTBSS - Conventional Triple Basin Solar Still

EVHPP - Evacuated Heat Pipes

CS - Corrugated Sheets

SHSM - Sensible Heat Storage Materials
CPSS - Conventional Pyramid Solar Still
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CSS - Conventional Solar Still
IWSS - Inclined Wick Solar Still
SPSS - Square Pyramid Solar Still
PV - Photovoltaic

GH - Greenhouses

LHTESS-Latent Heat Thermal Energy Storage System
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