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Abstract
One of the biggest problems the globe is currently experiencing is the availability of safe freshwater for drinking, especially 
in rural and dry regions. Drinking fresh water is among the basic requirements for surviving all life on Earth, along with 
food and energy. Rapid economic growth and poverty increase the demand for clean water. There are numerous approaches 
to getting clean water, and a current popular method is the solar distillation of brine water. Solar distillation converts brine 
water into fresh, usable water using solar radiation. It is a cheap, non-polluting, and greenhouse method. Various methods 
are used to enhance the distillate output, for instance, using nanoparticles, adding external devices, changing the design, 
and coupling the solar still. This paper reviews various research work and articles on different approaches used to enrich 
the distillate yield of solar still, increasing its efficiency and thermal energy, and decreasing the cost of desalination of brine 
water. Lastly, it contains challenges and the future scope.
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Introduction

One of the significant fundamentals in our everyday life is 
water. It is utilized in our daily life purposes, for example, 
drinking, washing, cooking, cleaning, etc. Seventy-one per-
cent of the land is concealed with water, whereby 97% of the 
total H2O on Earth is salty for drinking or irrigation, and 3% 
is the un-salty water. Out of the 3% fresh water available, 
2.997% is sealed in ice caps or glaciers, and just 0.003% is 
accessible for human utilization (Prajapati et al. 2021). This 
makes water extremely valuable. In 2017, World Health 
Organization (WHO) showed that approximately 71% of the 

world’s population is approx. 5.3 billion people—managed 
safe drinking water, free from pollution, unlike the 785 mil-
lion people who could not manage, including 144 million 
people who depend on surface water. It is approximated that 
2 billion people drink polluted water. Polluted water transmits 
diseases such as polio, diarrhea, cholera, etc., which can lead 
to death. In the least developed countries, 22% of healthcare 
facilities have no water service, 22% have no waste manage-
ment service, and 21% have no sanitation service. Climate 
change, population growth, and changing consumption pat-
terns are just a couple of factors putting freshwater systems 
gradually in danger (Sivaku and Jidhesh 2016).

As the population grows, the demand for freshwater 
increases as well simultaneously. Therefore, renewable energy 
is used to desalinate seawater. In the Kingdom of Saudi Arabia 
(KSA) 2200 kWh of thermal solar energy per square meter of 
the terrestrial area is utilized annually (Alawaji 2001; Danish 
et al. 2019). To improve potable water supply in the King-
dom of Saudi Arabia, a combination of two renewable energy 
sources, geothermal and solar energy, is used in distillation 
to improve supply by increasing vacuum pressure, which pro-
vides a higher ambient temperature and, as a result, increases 
the output productivity of the solar still (Danish et al. 2019). 
Another renewable energy is wind; as wind flow increases, 
it impacts the distillate productivity by accumulating the 
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temperature difference between the inner surface of glass and 
water (El-Sebaii 2000; Sarkar et al. 2017).

Furthermore, Soliman found that when the ambient tem-
perature is low, the wind speed increases, increasing the tem-
perature gradient between the still glass cover and water. This 
increases heat transfer loss at a greater rate than increasing the 
degree of evaporation. This concluded that the still should be 
placed at places with high summertime and low wind during 
wintertime (Sarkar et al. 2017; Soliman 1972).

Solar energy is used to distillate sea water in coastal 
areas, islands, and salty wells in remote towns and villages. 
This is done by distillation, whereby the seawater evapo-
rates as the sun’s rays heat the glass cover. The hot vapor 
rises and is collected on the glass surface due to condensa-
tion (Fig. 1). Consequently, salt and other impurities are 
removed. Pure water is collected (Gupta et al. 2013). It is 
a cheap portable water supply in small areas (Al-Hassan 
and Algarni 2013).

Solar distillation is used to distill salty and underground 
H2O as potable water. The operating conditions can influ-
ence the output of the solar distillate, the design of the solar 
still, and the surrounding climate (Gupta et al. 2013). The 
device used for solar distillation is termed a solar still (Kalita 
et al. 2016) (Fig. 1). It is grouped as passive and active still. 
Passive still is a designed basin with no extra heating device 
such as a heater or boiler, and heated-up water from other 
sources is not flown. Active still has heating devices and 
uses heated-up water (Sarkar et al. 2017).

Solar energy is an emerging technology for the desali-
nation of brine with great benefits, such as saving a high 
amount of energy as it is available in large quantities at 

zero energy cost and a small footprint. The main draw-
back is the high capital cost to capture the low-density 
solar radiation and convert it to poor-quality solar thermal 
energy, resulting in poor desalination efficiency. While 
designing a solar distillation system, it is necessary to 
ensure high energy efficiency to minimize thermal losses 
and irreversibility (Sethi and Dwivedi 2013).

This paper reviews various research work and review 
articles on different approaches used that can be imple-
mented to enrich the distillate product of a tubular solar 
still. The following are the techniques used by various 
researchers to improve distillate output: heat exchanger 
(Alim and others 2013; Panchal et al. 2019; Panchal and 
Patel 2018; Panchal and Shah 2012), design, fabrication, 
and performance (Sethi and Dwivedi 2013), thermal 
modeling and efficiency (Gupta et al. 2013), pyramid 
solar still (Kalaivani et al. 2012), parabolic concentrator 
assisted solar desalting system (Arunkumar et al. 2016), 
single basin solar still coupled with evacuated tubes 
(Sampathkumar et al. 2011), climatic and design param-
eters effects on the productivity of solar stills (Ithape 
et al. 2017), investigation of a poly-energy multi-effect 
still (Abdessemed et al. 2019), flake graphite nanoparti-
cles and phase change material (Rai and Sachan 2015), 
film cooling on solar still performance (Sharshir et al. 
2017) and nanofluid (Balasubramanian and Esakki 2019). 
In addition, this paper will guide the reader to decide the 
correct parameters for optimal productivity and learn the 
future scope and challenges encountered while enlarging 
the still yield (Tables 1 and 2).

Fig. 1   Simple solar water 
distillation process (Gupta et al. 
2013)
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The remaining parts of this paper are structured as 
described as follows: the “Introduction to solar distillate” 
section covers the introduction to solar distillate, includ-
ing ways to enhance the productivity output of solar still. 
The “Challenges and future scope” section gives future 
trends and challenges, whereas the “Conclusion” section 
concludes the paper.

Introduction to solar distillate

Solar distillation is categorized into two stills, i.e., the active 
and passive still (Sampathkumar et al. 2010). The difference 
between these two solar stills is that active solar still has 
a great distillate product yield than passive solar still, and 
active solar still uses the help of external heating devices 
such as a heater and boiler. In contrast, passive solar still 
does not use those devices.

A tubular solar still (TSS) consists of a clear cylindrical cover 
that can be black in color and semicircular shaped. The salty water 
is fed into the basin for distillation. As the sun’s rays heat the water 
through the transparent cover, it is evaporated and condensed on 
the innermost external of the tubular cover, discharging latent heat 

of vaporization. Thanks to gravity, the condensed vapor goes to the 
bottom and is collected by a furnished pipe at the lower end of the 
tubular cover (Panchal et al. 2019).

It consists of an absorber plate that absorbs solar radiation 
rays passing over the glazing and transferring the heat to water 
by convection. It can be made of materials such as copper, alu-
minum, and steel. An insulator such as rice husk, glass wool, 
polystyrene, and foam prevents heat loss. Sealant material such 
as silicone rubber and M-seal is used to prevent leakage.

Ways to enhance the productivity output of solar 
still

Some of the ways that can be used to enhance the distillate 
output of tubular solar still are:

Material of construction  The glazing material commonly 
used is glass, as it can transmit ≥ 90% of the incident short 
wave radiation and heat radiation of wavelength range 
of 5–50 μm, which is emitted by absorber plate. Ismail 
researched the effect of plastic film as a glazing material. 
The plastic cover was a hemispherical dome in shape with 
an absorptivity of 0.9 and a transmissivity of 0.8. A glass 

Table 1   A summary of the various design parameters mentioned in this review paper

Sr. no. Researcher Investigated parameter Performance of distiller

1 Varol and Yazar (1996) Material of construction Coating SnO2 on a 4 mm thick Fe2O3 glass with a 1*1 m area, 15° from 
the x-axis, and 96% transmissivity was studied. The coated layer trapped 
infrared light and transmitted visible light. This warms brackish water and 
boosts productivity.

2 Begum et al. (2018) Material of construction 200 m thick, 13°-angled PVC sheets covered the solar still. Attaching a black 
cotton towel to the PVC sheet helps water evaporate. Soak the towel in 
saltwater. The towel traps and amplifies heat. Production grew by 42%, but 
results were unsatisfactory because PVC gave less distillate than glass.

3 Azooz and Younis (2016) Angle of glass cover Azooz and Younis incensed a glass cover in Iraq. Maximum output was at 20 
and 25°, and 30° decreased production. Temperature and wind impacted this 
setup.

4 H. Panchal et al. (2017) Water depth Sanjeev Kumar studied water depth and temperature in Delhi. At noon, the 
lower basin had the highest output of 3.34 kg/(m2/h) due to the 95 °C water 
temperature, while the upper basin's water depth and temperature declined. 
Low evaporation reduces thermal efficiency and yield.

5 Kianifar and others (2012) Addition of external devices Ali Kianifar tested evaporation with a tiny fan and without one in different 
seasons and depths. The active system increased clean water production by 
15–20%.

6 Arunkumar et al. (2012) Addition of external devices Due to the concentration effect, tubular and pyramid solar still produced max-
imum yield. Parabolic concentrators focus incident radiation on the receiver. 
This raises temperature and evaporation, boosting production by 18%.

7 Sain and Kumawat (2015) Addition of nanoparticles Sain and Kumawat tested aluminum oxide nanoparticles with black paint 
in Jaipur, India. The paint absorbs sun rays. Black paint was glazed with 
50–100 nm nanoparticles. 0.01 m deep. The black coating increased thermal 
efficiency and distillate output by 38%.

8 Kabeel et al. (2017) Addition of nanoparticles Kabeel et al. suggested mixing cuprous oxide (CuO) nanoparticles with black 
paint to enhance the heat transfer rate, increasing the saline water tempera-
ture. This mixture is kept on top of the absorber plate. The distillate was 
boosted by 16–25%
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cover of 3–4mm thickness is positioned at a slope of 15°. 
This acts as a dielectric material in order to reduce 50% of 
reflectivity (Kalita et al. 2016).

Varol and Yazar (1996) investigated on modification of 
glass cover by coating a layer of SnO2 on a glass composed 
of Fe2O3 of 4mm thickness with 1*1 m areas, inclined at 15° 
from the x-axis, and 96% transmissivity. The coated layer 
was observed to be trapped in infrared radiation and trans-
mitted visible solar radiation. This increases the brackish 
water temperature and enhances productivity.

In Bangladesh, Begum et al. (2018) covered the solar 
still with a 200-μm-thick transparent PVC sheet inclined at 
13°. A black cotton towel was attached to the PVC sheet to 
ensure a large surface area for water evaporation. This is 
done by soaking the towel in saline water. The towel traps 
the heat and then increases the temperature. The production 
increased by 42%, but the results were very disappointing 
as the PVC gave less amount of distillate output when com-
pared to the glass cover.

Angle of glass cover  Velmurugna et al. (2008) claimed that 
the distillation output could be enhanced if the latitude of 
the place where the experiment is equal to performing the 
glass cover inclination (Kalita et al. 2016; Velmurugan et al. 
2008). When the solar intensity is high, maximum sun rays 
pass through the glass cover, evaporating more brine. This 
enhances the output with a glass of 99.64% efficiency. In 
Iraq, Azooz and Younis (2016) experimented with the effect 
of inkling the glass cover. They obtained maximum produc-
tion at 20 and 25°; if the angle was increased, for instance, 
30°, the production would immediately decrease. This setup 
was partially affected by temperature and wind (Azooz and 
Younis 2016).

Water depth  In Delhi, Sanjeev Kumar investigated the effect 
of water depth at different temperature conditions. It was 
observed that at noon, there was a supreme yield of 3.34 kg/
(m2/h) from the lower basin due to the high temperature of 
the water, which was about 95 °C, unlike the upper basin 
where the water depth increased. The overall water tempera-
ture would be decreased. This results in a low evaporation 
rate, increasing the thermal efficiency and yield (Panchal 
and Patel 2018).

Yadav (1991) also found out that as the velocity of the 
flow rises, the thermal capacity of water mass being fed 
into the basin of the solar still increases. Due to this, the 
water temperature decreases, reducing the evaporation rate. 
The collector length and flow velocity rise, the distillate 
output increases and decreases, respectively (Panchal et al. 
2019; Yadav 1991). Badran and Al-Tahaineh (2005) con-
cluded that productivity decreased as the depth of the water 
increased, which was directly proportional to the sun’s rays 
on active solar still.

Addition of external devices  Kianifar and others (2012) 
experimented with the evaporation rate on an active sys-
tem with a small fan and in a passive condition with no fan 
on different seasons and depths. It was concluded that the 
active system resulted in 15–20% productivity growth of 
pure water. In India, Bhaskar and Rai (2018) experimented 
with the effect of a fan inside the still. This was done dur-
ing winter in both passive and active still. The passive still 
showed positive results with 133% exergy efficiency, while 
the active still had a 52% increase in output.

Arunkumar et al. (2012) investigated different solar still 
designs in India. The tubular solar coupled with a pyramid 
solar still provided maximum yield because of the concen-
trator effect. A parabolic-shaped concentrator can concen-
trate the incident radiation and focus it on the receiver. This 
increases the temperature and the evaporation rate, enhanc-
ing productivity by 18%. Rajesh et al. (2009) investigated the 
effect of a flat plate collector on basin solar still. The basin 
and the collector were connected, and the measurements 
were taken for 12 h in daylight. This combination resulted 
in a 25–50% increase in yield.

Hamdan et al. (1999) tried increasing the surface area of 
brine by keeping loofa cut into cubes in a basin solar still. 
This upturns the evaporation rate and productivity by 273% 
(Abeetha et al. 2017; Hamdan et al. 1999) Addition of fins 
(Kalita et al. 2016) increases the amount of area, exposing 
the saline water to the sun’s rays, and hence increases the 
output. Velmurugan et al. (2008) research enhance the out-
put by using a sponge piece (an absorbing material) with fins 
of equal size in a wick-type solar still. The fins were placed 
at the bottom, and the purpose of the sponge was to provide 
more evaporation rate (Udhayabharathi and others 2015). 
Hence, the output increased by 45.5%.

Pramod et al. (2018) investigated the influence of using 
a solar still alone, attached with evacuated tubes, and still 
coupled with evacuated tubes and heat pipe, provided that 

Fig. 2   Water temperature with time (Pramod et al. 2018)
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the still is a pyramid type with a 1 m2 basin area. A solar still 
is painted with black paint. A graph of water temperature vs. 
time was plotted (Fig. 2). The still coupled with evacuated 
heat pipes showed the best result; it had an average solar 
radiation flux of 1335 W/m2 and 33.02% thermal efficiency. 
In order to attain maximum daily yield, ten evacuated tubes, 
if solar still can be used.

Tanaka and Nakatake (2009) researched the outcome 
of using a raised-wick solar still with a flat-plate external 
reflector. When the reflector was inclined, the productiv-
ity increased by 15–27%, unlike without inclination (Fig. 3) 
(Dhahad et al. 2017). Using internal and external reflectors 
can improve productivity by 125% (Khan et al. 2018).

In Bhopal, India, Verma and Varshney (2017) experi-
mented with the effect of black cloth with an internal reflec-
tor. It was used to reflect sun rays onto the black cloth. The 
experiment was conducted with and without the absorber. It 
was concluded that the production with an absorber was 2.42 
times that without an absorber at a temperature of 48–51 °C.

In India, Bidwaik et al. (2019) examined the impact of using 
a magnifying lens in distillation. The lens was placed at the bot-
tom end of the still under atmospheric conditions. It was found 
that productivity increased by 43.67% (Bidwaik et al. 2019).

Addition of nanoparticles  Nanoparticles enhance the produc-
tivity of solar still. At night, there is low radiation; therefore, 
nanofluid is used, as it can absorb energy and releases it when 
needed by the system. Al2O3 nanofluid is kept in a water basin 
because of its heat storage capacity; the convective heat trans-
fer rate improves, and productivity increases (Parikh 2018).

Sain and Kumawat (2015) investigated the effect of alu-
minum oxide nanoparticles with black paint in Jaipur, India. 

The use of the paint is to absorb solar radiation. The nanoparti-
cle, with the size of 50–100 nm, was mixed with black paint and 
glazed at the basin. The depth of water was 0.01 m. The black 
paint absorbed the sun’s rays, increasing the thermal efficiency 
and distillate output by 38% (Sain and Kumawat 2015).

Kabeel et al. (2017) suggested mixing cuprous oxide 
(CuO) nanoparticles with black pai to enhance the heat 
transfer rate, increasing the saline water temperature. This 
mixture is kept on top of the absorber plate. The distillate 
was boosted by 16–25% (Kabeel et al. 2017). Gupta et al. 
(2017) inspected the effect of water sprinklers with nanopar-
ticles in Jaipur, India. The still was kept facing toward the 
sun's direction, and the CuO nanoparticle was mixed with 
the salty water. The purpose of the sprinkler was to cool 
the glass surface at a certain time with 0.0001 kg/s. The 
increase in productivity was 54.54%, with 34% efficiency 
(Gupta et al. 2017).

Challenges and future scope

Solar still can be costly at the start of the setup, depending on 
the solar radiation (Kapnichor 2017). Different configurations 
of the still can help control and prevent pollution and produce 
clean water that society can use. With different techniques 
and configurations of the still, there are challenges faced. The 
major challenge is that some heat on the glass cover is trans-
ferred to the atmosphere when the wind blows. Hence, the still 
cools faster, and the productivity starts to decrease.

Nanofluid can enhance the distillate output because of its 
unique properties like high solar intensity absorptivity and 
thermal conductivity. It increases the efficiency by 29% if, 
for instance, a violet dye is used. The nanofluids that can be 
considered are aluminum oxide, tine oxide, and zinc oxide 
(Elango et al. 2015; Parikh 2018). It has unique properties 
and high efficiency, making it suitable for future use.

Ranjan et al. (2016) calculated the economic viability of 
solar distillation based on the equivalent cost of environ-
mental deprivation. So far, the technologies used to distil-
late water are not polluting the environment; they save high 
energy and can be very reliable (Ranjan and Kaushik 2014). 
They estimated if the efficiency is 60%, then water desalina-
tion can cost approximately US $0.103–0.017/L, and if the 
equipment maintenance is high, it could last for more years.

Conclusion

Many factors affect the performance of the output, from 
construction to operation. In order to enhance the distillate 
output, there are various ways to do that. However, the best 
method is the one with high productivity and efficiency and Fig. 3   Tilted solar still with external reflector (Dhahad et al. 2017)
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a reasonable economic value. Some of the ways to enhance 
the distillate can be by using a suitable glazing material; 
the best glazing material from our observation is glass, 
ensuring that the glass cover is inclined at the best possible 
angle, using low water depth so that the evaporation rate 
can increase, using external devices such as a fan (the fan is 
used to raise the cooling rate of external surfaces of the glass 
cover in order to increase the condensation rate of vapors 
and, as a result, increase the amount of distilled water that is 
produced), which can improve the productivity by 15–20%. 
Different nanoparticles such as Al2O3 or CuO can be mixed 
with either black paint or kept in the basin without mixing 
it with any material to enhance the output. Making sure it 
has the right layout, including reflectors where needed and 
absorbing materials like black cloth or using a magnifying 
lens to focus the sun’s rays on a specific spot are all impor-
tant aspects of effective design.
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