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Abstract
Water is signified as the gift of nature. However, modern societies are in tremendous need of fresh water due to the abundant 
industrial sector and factory growth that is leading to more and more such natural resource pollution. Also, there are global 
arid and desert areas where there are fewer regular rainfalls besides groundwater scarcity. Additionally, although there are 
abundant water bodies, most of them are not suitable for domestic irrigation, and especially for drinking purposes since they 
are brackish or saline water. Thus, water desalination is essential with no impact on the environment. Solar desalination is 
proven to be a sustainable and reasonable way for producing potable water. Numerous sorts of solar stills are introduced, 
and the most exhibited one is the conventional type of solar still, that is, so-called basin solar still. However, the low pro-
ductivity of such solar still is signified as its major concern. Researchers have made their efforts to improve the productiv-
ity of solar stills through various designs and operating parameters. This detailed review is mainly focused on the various 
types of solar stills, their analyses and the status of several solar distillers. Throughout the entire work, it is confirmed and 
recommended to enhance the performance through advanced modifications that are also discussed. Such modifications are 
including advanced designs such as pyramid triangular solar stills, tubular, double basins and hemispherical and spherical 
solar stills. Also, integrated systems stills are recommended, such as connected solar stills with photo voltaic cells (PVC) or 
solar collectors to increase productivity.
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List of symbols
ξ  Overall still efficiency
Q  Daily output from solar still (L/day)
A  The aperture area of the solar still  (m2)
G  The global solar irradiation (MJ/m2)

Abbreviations
PVC  Photovoltaic cell
PCM  Phase change material
MED  Multiple effect distillation
MSF  Multi-stage flash desalination
TVC  Thermal vapor compression

MVC  Mechanical vapor compression
RO  Reverse osmosis
ED  Electro-dialysis
TDS  Total dissolved solids
ETC  Evacuated tube collector
FPC  Flat plate collector
PTC  Parabolic trough concentrator
PVT  Photovoltaic-thermal solar still
SC  Desalination chimney
SSD  Solar still desalination
HDH  Humidification–dehumidification

Introduction

Freshwater scarcity is a global ban in current society. 
Modern societies are signified with population explosion 
and industrial expansion; the result is tandem water con-
sumption (Tony 2020a, b, c; Thabet et al. 2020). Hence, 
some countries are facing a shortage of fresh water, which 
is categorized as the core of human beings’ daily life as 
well as the heart of the industrial sector. However, on the 
other side, the watercourse is more often than not, polluted 
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through industrial effluents and human discharges into the 
environment (Thabet et al. 2021; Tahnoon et al., 2022; 
Tony et al. 2015). Thus, the result is a huge amount of pol-
luted wastewater by chemicals and hazardous substances, 
which must be treated prior to final disposal. Furthermore, 
in arid zones, i.e., deserts and industrial areas, potable 
water feeding is signified as a complicated issue since 
wherewithal is costly. Brackish water represents 99% of 
available water on the planet, whereas only 1% is accessi-
ble as freshwater (Tony 2021a, b, c, d; Ashour et al., 2017; 
Damir et al., 2008).

On the contrary, there is an abundance of seawater that 
requires salinity removal, which requires additional energy 
costs. Places that are endowed with ample solar radiation 
and brackish water could be used as a supply in reasonable 
amounts of potable water at economical expenses (Aclan 
et al., 2022; Masnsour et al., 2019). Solar still is a prom-
ising desalination technology since it is cheap, easy to 
construct and a manageable tool to supply potable water 
to rural communities (Suresh and Shanmugan 2019; Tony 
2020a). Solar stills use a cheap energy source, the sun, to 
offer a viable solution for water desalination that could 
be used for either irrigation or even drinking purposes. 
Water evaporation needs about 2.3 MJ/kg energy, which is 
considered more energetic than reverse osmosis; however, 
it only requires energy in the forms of heat rather than in 
terms of electrical power (Kabeel 2009; Tayeb et al. 2018). 
The simple solar still working principle is similar in all 
solar still distillation types, which depends on the solar 
radiation incidence on a transmittance glass cover. The 
radiation is then absorbed by the black inner surface in 
the solar basin specifically the bottom. Hence, the water in 
the basin becomes hot and therefore it evaporates (Alatawi 
et al. 2022; Zhao et al. 2009). Subsequently, condensation 
occurs on the inner side of the surface of the glass cover 
that covers the basin. Afterward, droplets of distilled water 
are collected on a specific tray along the slope of the glass 
cover. Solar still overall efficiency (ξ) could be found as 
a ratio of the amount of utilized solar radiation used in 
evaporation to the whole amount of incident solar radia-
tion on the solar still. Thus, the approximate daily output 
in liters per day (L/day) from solar still can be expressed 
as (Q), which could be signified as the following:

where A is the aperture area of the solar still  (m2) and G is 
the global solar irradiation (MJ/m2). However, it is note-
worthy to mention that although the solar still device is a 
reliable tool for water desalination, it possesses the drawback 
of low productivity. Thus, scientists are focusing on improv-
ing its productivity and limiting its drawbacks. Therefore, 

(1)Q =

�GA

2.3

researchers' interest is focusing on improving both system 
design and process parameters performance (Taha 2010; 
Ashour and Tony 2017). Although numerous review papers 
have focused on the developments on the solar still, there is 
still a gap in the research cited that the scholars discussed 
the enhancement of the solar still on the competent designs 
and recent performances. Thus, the present article deals with 
reviewing and discussing specific aspects of solar desalina-
tion and solar still design, i.e., the design development and 
configurations, operating principles and factors influencing 
performance, and recent research efforts to improve their 
efficiency and throughput. Moreover, their summarized 
recent technologies and future scope suggestions are also 
presented.

Bibliometric analysis

Currently, with modernized search schemes, a helpful tool 
has emerged for analyzing and classifying a definite topic, 
which is signified by the term “bibliometric analyses.”. "Bib-
liometric analyses” could be mapping key aspects of the 
most cited items related to solar still and their related terms 
of desalination application. Google Scholar search platform 
is used to attain the cumulative search in the field of “Solar 
still” AND “Desalination", and the results are displayed in 
Fig. 1. A profile of the current status of the studies in the 
field is exhibited. Overall, research papers were obtained 
and presented as annual cumulative publications, reviews, 
research articles and editorial material and letter numbers 
jointly with the “Solar still” AND “Desalination" applica-
tion profiles. The number of the research cited articles, as 
recorded in Fig, 1 is an increase, which gives the opportu-
nity for the research and development of the solar still to its 
maximal level to reach a satisfied reasonable, sustainable 
option for water desalination opportunity. A brief outline of 
the investigated research conducted are research articles and 
review articles that popularly represent this technology, as 
referred in the sub-plotting in Fig. 1.

Hence, to signify the state-of-the-art figure of the solar 
still, the literature survey analysis was conducted on the 
Web of Science platform. The search items were "Solar still 
AND Desalination”. Subsequently, the data revealed from 
the "Web of Science Core Collection" database and the VOS 
viewer software (version 1.6.16.0) were extracted through 
the period of 2000 to January 2022. The design purpose is to 
analyze the keywords of the research articles. The designed 
mapping incorporates a network. Then, the overlay and 
density visualization mapping are designed through VOS 
viewer software. Presently, the current search is based on 
the co-occurrence associated with authors' keywords and is 
designated to be the minimum occurrence number.
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Consequently, the parameters are adjusted in the soft-
ware, and the mapping is designed. The most common fea-
ture of the VOS viewer is overlay visualizations, which are 
used to categorize density visualization over periods. Solar 
still research showed that obtained from the cited research 

articles, the bibliometric mapping of clusters could be iden-
tified as seen in Fig. 2. The hotspots clusters can demon-
strate the intensive research studies based on the analyzed 
results attained via the data from “Web of Science” core 

Fig. 1  Compared publications 
on the solar still publication 
related to desalination from 
2000 to 2022. Source for "Solar 
still AND Desalination" cases 
data: www. googl escol ar. com 
(Accessed on 15 January 2022)

Fig. 2  Key terms occurrences 
network visualization map in 
solar still publication related to 
desalination technology

http://www.googlescolar.com


 Applied Water Science (2024) 14:147147 Page 4 of 29

collection from the search terms “TI is (Solar Still AND 
Desalination)”.

Analysis of authors and research 
collaborations

To get a superior signification of the frontiers in the subject 
of solar still and desalination, a bibliometric analysis for 
the leading researchers and authors or team works for the 
most creative scientists in the field is conducted using VOS 
viewer. The most active and productive countries in con-
ducting solar still studies based on desalination are Egypt, 
India and Saudi Arabia, as displayed in Fig. 4A. The size of 
the cluster and label is signified by the weight of the item. 
Hence, the superior the weight of the country, the greater the 
item's label and circle, as shown in Fig. 4A.

The information in Fig. 3B follows the research papers by 
the main authors. The mapping signifies the most strength 
authors are Kabeel, Omara, Kumar, El-agouz, Youneg, and 
their co-workers, who are mainly attentive to solar still for 
investigating such technology, i.e., desalination. It is nota-
ble to mention that there is a shortage in the cooperation of 
researchers from different organizations and countries that 
require prospective work. Additionally, still, there is a leak 
in the work done in the field.

Bibliometric analysis is a promising technique that 
could reveal the internal links of published documents 
(as displayed in Fig. 4A). It is found the most occupied 
articles are cited in Desalination journal, Solar Energy, 
Energy Conversion and Management, Applied Energy 
and Renewable and Sustainable Energy Review. It is note-
worthy to mention that researchers appear to categorize 
published articles in high-quality journals. Furthermore, 

Fig. 3  Bibliometric network 
mapping generated via VOS 
viewer. A. Network map show-
ing the collaborations between 
various countries in Fenton's 
reagent for treating Emerging 
Pollutants; B. Co-authorship 
overlap visualization map for 
solar still desalination technol-
ogy
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the visualization citation articles report is considered and 
displayed in Fig. 4B. As can be seen from the mapping, 
Kabeel (2009), (2010), (2011), and (2012) are the great-
est clusters, which signifies such authors possess the most 
cited articles in the field. Moreover, Velmurgan (2009) 
and Devi (2009) are also signified as most cited articles. 
Thus, the author's collaboration analysis indicates that the 
groups led by Prof. Kabeel, Prof. Omra and Prof. Kumar 
are the typically continuous research group. Those groups 
initiated the earliest study on solar still and desalination 
field. They cited a continued direction of investigation till 
now, while the number of publications is also consider-
able compared to other research groups. However, it is 
noteworthy to mention that the cooperation of scientists 
between various institutions and countries is required to 
be further enhanced.

Solar distillation

In order to generate fresh water from the salty resources, 
the same basic principle occurs in nature that is incorpo-
rated in the production of rainfall through the hydrological 
cycle which could be a man-made desalination system to 
produce potable water from the salty supplies. By energy-
aided sources, salts could be separated from water through 
desalination technology. Generally, desalination tools for 
saline water treatment are broadly categorized into two 
classifications, namely evaporative or thermal desalination 
and membrane desalination technologies. Thermal desali-
nation technologies are based on phase change to attain 
potable water from saline water through external heat 
addition to the saline water. Fundamentally, it is based on a 
cyclic evaporation and condensation occurrence. Thermal 
desalination could be of various types, such as multiple 
effect distillation (MED), multi-stage flash (MSF) desali-
nation, thermal vapor compression (TVC), and mechanical 
vapor compression (MVC) (Ashour and Tony, 2014; Tony 
2022). However, in membrane desalination tools, salts 
could be separated from the saline aqueous media with the 
aid of selective membranes. In this pressure-driven mem-
brane process, potable water is obtained without phase 
change, which is so-called reverse osmosis (RO) or elec-
tro-dialysis (ED). Figure 5 represents the most common 
desalination technologies. Such conventional techniques 
are extremely energy-consuming techniques that require 
heat and another kind of mechanical or electrical energy 
to separate salts from water for thermal or membrane tech-
nology, respectively (Kabeel 2009).

On the other hand, solar desalination proved to be the 
most reliable and cost-efficient methodology for water 
desalination to access potable water from saline solution. 
In such techniques, the naturally abundant solar energy is 
used to simply evaporate the water in a zero-energy-cost 
technique. Solar still is composed of a container that is 
filled with brackish water, whose inner surfaces are coated 
with black paint and is fitted with a glass cover. The solar 
radiation penetrates the transparent glass cover and is 
absorbed by the basin liner, which in turn heats the water. 
The hot water is then evaporated; after that it is condensed 
underneath the glass surface. Finally, the condensed water 
is collected in a trough that is fitted along the length side. 
The worldwide installed desalination capacity is analyzed 
as RO 53%, MSF 25%, MED 8%, ED 3%, and 11% for 
other processes (Omara et al. 2016).

Membrane desalination is based on membrane and uses 
high pressure from motor pumps to discrete permeate 
water from saline water, i.e., brackish or seawater. How-
ever, on the other hand, thermal desalination applies heat 
to vaporize permeate water. The considerable amount of 

Fig. 4  Article sources A and citation authors B network visualization 
map in solar still based on desalination technology
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energy required for both thermal and membrane desalina-
tion technology is exhibited in Table 1. As displayed in 
the table, thermal desalination requires both thermal and 
electrical energy, but membrane desalination requires only 
electrical energy. Energy consumption for RO technology 
tends to consume energy in the range of between (3.5 and 
5 kWh/m3). Recently, due to the recent advancements in 
membrane technology, membrane techniques have man-
aged to substitute thermal techniques in desalination plants 
(Tiwari 2004).

Brack water, most commonly known as brackish water, is 
a mixture of salt water and fresh water. Although brackish 
water is saltier than fresh water, it is not salty as seawater. 

Seawater comprises high quantities of dissolved salts/solids 
ranging from total dissolved solids (TDS) 15,000 mg/L to 
over 40,000 mg/L of total dissolved solids. However, lower 
amounts of salts are contained in the brackish water, which 
has only TDS 1000–15,000 mg/L-dissolved salts/solids. 
Thus, each desalination technology is based on treating spe-
cific types of saline water, namely brackish, saline, or maybe 
could treat both types (as seen in Table 1). It is noteworthy 
to mention that brine is very salty water, typically as seawa-
ter, predominantly a highly concentrated water solution of 
mainly salt of sodium chloride. Natural brines present under-
ground, such as in salty lakes or as seawater, and they are 
the sources of common salts, such as chlorides and sulfates 

Fig. 5  Categorization of water 
desalination technologies and 
processes installation capacity

Table 1  Mechanistic assessment 
of desalination performance

MED: Multiple effect distillation, MSF: multi-stage flash, TVC: thermal vapor compression, MVC: 
mechanical vapor compression, RO: reverse osmosis, and ED: electro-dialysis

Desalination 
process

Type of saline water Energy Required / 
kWh/m3

Thermal Energy/ 
kWh/m3

Operating 
Temperature/ 
°C

MED Seawater, Brackish water 1.5–2.5 6 70
MSF Seawater, Brackish water 2.5–3.5 12 90–110
TVC Seawater, Brackish water 1.6–1.8 14.6 63–70
MVC Seawater, Brackish water 7–12 – –
RO Seawater, Brackish water 3.5–5 – Ambient
ED Brackish water 1.5–4 – Ambient
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of magnesium and potassium. Brine comprises TDS higher 
than 35,000 mg/L. The percentage of each water resource 
is represented in Fig. 6. The corresponding ion comprising 
in the seawater and brackish water is represented in Table 2 
(Dimri et al. 2008; Singh and Tiwari 2004). 

Desalination is in need of energy; in contrast to fossil 
fuel, solar energy could drive desalination in a cost-free 
technology. Daily solar desalination is a viable water desalt-
ing option since there is an increase in water requirement 

with the critical energy and water situation. Thus, solar 
energy desalination could overcome the energy depletion 
crisis. The upsurge in the utilized energy per unit of water 
produced is reflected as intensification in the required area of 
solar collectors and hence increases the capital cost. Hence, 
commonly, it is usually evaluating the solar desalination sys-
tem performance according to the number of liters that may 
be purified per day per unit area of collector (L/m2-day). 
Moreover, the geographic location and the time of year play 
a significant role in solar performance. Thus, system designs 
need modifications to reach maximal performance (Suresh 
et al., 2010; Katekar et al., 2020).

Solar Still and its types

Back into the nineteenth century, the first large-scale man-
made water desalination investigation was established 
and so–called solar still. It is a simple distiller tank that 
contains saline water. Such a tank is usually painted black 
to obligate high solar radiations where water is located 
beneath an inclined crystal cover, commonly glass. The 
solar radiation fleets through the transparent glass cover 
into the distiller tank, where saline water is heated up and 
thereafter evaporated into vapor via convection from the 
top of the distiller. Then, the vapors transfer to the space 
in the tank to touch the glass cover. Subsequently, heat is 
absorbed into the cover material, so, the vapors are trans-
ferred into a liquid state as drops of condensate on the tilt 
cover. The drops of condensate are collected in the distill-
ing channel on the lower wall of the still basin, leaving all 

Fig. 6  Worldwide source water 
type

Table 2  Illustrative ion concentrations for seawater and brackish 
water and a municipal water supply authority (Wilf, 2007; Massachu-
setts Water Resources Authority, 2007; WHO, 2007)

Na: not available

Substance Sea water (mg/kg) Brackish 
water (mg/
kg)

Municipal water 
authority value (mg/
kg)

Na + 10,556 1837–90 30
Mg2 + 1262 130–11.7 0.8
Ca2 + 400 105–96 4.5
K + 380 8.5–6.5 0.9
Sr + 13 Na Na
Cl- 18,980 2970–191 21
SO4

2− 2,649 479–159 8
HCO¡ 140 250–72.6 Na
Br- 65 Na 0.016
B(OH)3 26 Na Na
Fr- 1 1.4–0.2 1
SiO2 1 17–24 3.3
NO3 Na 5.0 0.11
TDS 34,483 5881–647 110
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salts and impurities in the tank, which could be drained 
later through drainage (Tiwari and Sahota 2017; Tony and 
Lin 2021). While a traditional solar still can covert saline 
water into potable water, its low efficacy performance and 
poor distillation capacity are still obstacles of such system 
that needs to be improved.

Solar stills could be categorized as passive or active 
solar still types. Passive stills refer to the still type that 
use only solar energy that declines into the still unit. In 
such types, the systems work similarly to the hydrologi-
cal cycle of nature. Since it uses the heat accumulated 
in saline water, evaporation and condensation processes 
occur within the still basin. However, in active solar stills, 
an external thermal energy source should be applied to 
the still unit that aids the saline water to be heated. Such 
energy could use thermal collectors, photovoltaic panels 
and concentrators conjugated by the distillation unit. A 
conventional boiler could supply via a concentrating solar 
panel, waste thermal energy, or such external heat. How-
ever, in comparison to passive solar stills, passive solar 
stills possess a simple design, construction and operating 
system. Besides, they are also smaller in size and cost-effi-
cient than passive solar stills. Basin-type solar stills could 
be categorized according to their cover design geometry 
into different types such as single-slope, double-slope glaz-
ing cover or pyramid-type, vertical or V-type solar stills 
and hemispherical solar stills.

Passive solar stills

Single slope basin solar still

A single-basin solar still is considered the conventional type 
of passive solar still and signified as the primary type of 
solar still (Katekar et al., 2020) (Fig. 7). The crucial role 
in the solar still productivity is the higher surface area that 
gives more distilled output. The optimal solar still is signi-
fied when its water depth is 1 cm. Scattered authors (Katekar 
et al., 2020) checked the possibility of various material types 
in enhancing the still productivity. They compared the pro-
ductivity of different solar stills fabricated from aluminum 
and galvanized iron, and the results explored that 3.8 and 
2.6 L/m2 is the product for both types, respectively, per day. 
This could be attributed to the various thermal conductivity 
of the material since aluminum has higher thermal conduc-
tivity than galvanized iron stills. Also, solar still efficiency 
and productivity as well are independent of solar radiation, 
but the increase in the diffused radiation is leading to a 
minor decrease in such efficiency. The solar still basin unit 
should be insulated to increase the still efficiency. Further, 
the increase in ambient temperature and decrease in wind 
velocity recorded an increase in the still productivity.

The covering sheet inclination angle is one of the fac-
tors that also affects the efficiency and still yield. Scattered 
research examined that the best tilt angle is dependent on 
the location geometry that still works. For instance, Tripathi 

Fig. 7  Cross-sectional view 
of the single-basin solar still  
(Modified from Tony 2021a, 
2021b, 2021c, 2021d)
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and Tiwari (2007) reported that they designed a single-basin 
passive solar still with a tilt angle of latitude 28.6° located 
at Delhi, India, and the glass cover inclination angle of 15° 
shows better efficiency. Additionally, a survey by Dev and 
Tiwari (2009) also recorded solar still in Delhi at the latitude 
28.6°, in the north; several inclination angles recommended 
that a 45° inclination angle improved the solar still produc-
tivity and according to their results reports the inclination 
angle is identical to the latitude angle of the location. Fur-
thermore, Muhammed et al. (2007) designed the single-basin 
solar still in a western arid region of Pakistan located at a 
latitude of 33.7° North, and their recommendation for the tilt 
angle for the glass cover is 33.3°. While it could be recom-
mended that the inclination angle might equal the location's 
latitude angle, the theoretical and experimental data reports 
are not consistently in accordance with that phenomenon.

The increase in the temperature of the feed water might 
also affect and enhance the productivity of the single still 
basin. Furthermore, the water depth also affects the still 
productivity. According to the study conducted by Let et al. 
(2021), the brackish water depth in the basin plays a signifi-
cant role in the solar still productivity and efficiency. When 
the water depth changed from 12 cm to 10, 8, 6, 4, and 2 cm, 

the still productivity is increased. The worst still efficiency 
corresponded to a depth of 12 cm. However, the highest 
productivity was 34% that is linked to the 2 cm water depth. 
Also, Agrawal and Rana (2018) explored the water depth 
effect on sludge productivity and they confirmed the low 
water depth increases the productivity to 4.26 kg/m2.day 
with an efficiency of 34.4%.

A two‑basin solar still

A two-basin or maybe so-called double-basin solar still 
(Fig. 8) consists of two evaporator basins and fabricated 
from Plexiglass to allow solar radiation to pass through and 
reach into the lower evaporator. The lower evaporator is also 
made of Plexiglass from the same thickness, is painted in 
black color to absorb the incident solar radiation and is sup-
ported by steel frames. The backside of the upper basin ther-
mally refuels the lower condenser. Both basins are located 
with a tilt angle to the horizontal. Two collecting troughs 
are used to collect the distillate from both the upper and 
lower condensers. The bottom of this still is also insulated. 
The upper basin is partitioned into three segments to avoid 

Fig. 8  Cross-sectional view 
of the double basin solar still  
(Modified from Karaghouli and 
Alnaser, 2004)
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the presence of dry spots on the higher portion of the inner 
glass cover.

Moreover, the two basins are sealed off to prevent water 
leakage into the boxes and stills. The brackish water feeding 
is carried out through the sidewall hole of the basin, as well 
as condensed water collection. Such a hole is closed with 
insulating material while still working to prevent any heat 
and vapor losses (Karaghouli and Alnaser, 2004).

Simple stepped cascade stills

Efforts have been made to improve the classical solar still in 
Fig. 7. In this regard, stepped-type solar still has been intro-
duced. A stepped-type solar still is shown in Fig. 9, which 
could be comprised of a high solar absorptive dark-colored 
stepwise basin instead of the flat basin design. Such design 
is recorded a higher efficiency than the flat step classical 
still. Stepped-type solar still is composed of a stepwise basin 
covered with transparent material in order to allow the inci-
dent solar radiation to penetrate into the saline water in the 
stepped basin. The saline water, just heated from the sunrays, 
evaporates and then condenses on the glass cover. Moreover, 
the outer structure of the basin is insulated in order to pre-
vent the generated thermal energy from losses or scape. A 
trough collector is mounted to collect the condensed water 
into a distillate tank (Shmroukh and Ookawara, 2021).

Stepped solar stills could be used as a passive or an active 
still types. However, passive stepped stills possess many 
merits that standpoints on cost-efficient since there is no 
need for electrical pumping power besides the simplicity 
of design and the easy of operate. However, its notable low 
efficiency categorized by low freshwater production com-
pared to the active stepped solar still is still an obstacle. Such 
drawback is due to the loss of the latent heat of condensation 
through the transparent cover (Shmroukh and Ookawara, 
2021; Kabeel et al. 2012a, b).

Consequently, stepped solar stills applied as a desalina-
tion technology become a significant opportunity for potable 
water shortage issues in hot, arid regions such as The Middle 
East. For instance, Kabeel et al. (2012a, b) investigated the 
preheating of seawater in the north of Egypt. In such inves-
tigation, Kabeel and his co-workers compared the classical 
solar still with the stepped one. In their model, the modified 
stepped solar still possess wicks that were mounted on the 
vertical side to increase the seawater evaporation areas that 
exposed to solar radiation. Thereby, the still productivity is 
increased. They attained that the water depth affects the still 
productivity, which increases with water depth reduction. 
Also, the still daily efficiency is strongly exaggerated by the 
width and depth of the step tray. The stepped-type still effi-
ciency could be increased to its maximal daily productivity 
with an increase reached to 57.3% in comparison to 33% for 

Fig. 9  Cross-sectional view of 
the simple stepped basin solar 
still (modified from Shmroukh 
and Ookawara, 2021)
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the conventional still type (when using 120 mm tray width 
and 5 mm tray depth). Furthermore, the wicks could increase 
the still productivity by up to 5% (Kabeel et al. 2012a, b).

Velmurugan et al. (2009) in Madurai, India, evaluated the 
performance of the solar desalination unit using a stepped 
solar still system equipped with a mini solar pond for inlet 
saline water preheating as a combined setup. In such tech-
nique they equipped the solar still with pebbles, wicks, baffle 
plates, sponges, and fins, which enhanced the productivity to 
80%, whereas the daily desalinated water production reached 
up to 6.120 L/m2.day. Also, Pillai et al. (2015) studied the 
stepped solar still performance in Bangalore, India. They 
performed the design with a basin supported with channels. 
The channels are involved in welded semi-circular pipes 
fixed at a constant slope to act as connected steps. The pro-
ductivity of this system is recorded as 3.700 L/m2.day.

Pyramid and triangular solar still

A pyramidal glass solar still designed with a top cover is 
in the shape of a pyramid (Fig. 10). There are two shapes 
of the available pyramid basin solar stills; one is triangular 
pyramid solar still and the other is a square pyramid solar 
still. The pyramid solar still possesses some merits over the 
conventional basin solar still. For instance, in conventional 
solar still, the still is required to be tracked to face the sun 
around the day to attain the maximal incident solar radiation 
around the day, whereas in the pyramidal glass solar still, 
it is not required. Also, the shading of the sidewall on the 
saline water surface inside the basin is less in the pyramid 
basin solar stills compared to the conventional type. Besides, 
the condensation process in the pyramid shape solar still is 

much higher in comparison to the conventional single slope 
solar still for the same basin area (Nayi and Modi 2018; Fath 
et al. 2003).

Hamdan and his co-workers (1990) conducted the 
experimental work-study using solar desalination via 
square pyramid solar still located at Amman, Jordan. 
The researchers constructed the basin with an area of 
0.96 m × 0.96 m × 0.15 m, whereas the sides of pyramid-
shaped cover were inclined at an angle 45°. Additionally, 
Fath et al. (2003) have carried out an experimental study in 
the south of Egypt (at Aswan city) based on a comparison 
between the pyramid-shaped solar still and single slope solar 
still. The results concluded from their work revealed that the 
annual average daily productivity of the still is 2.6 L/m2.day. 
Such results verified that the pyramid solar still configura-
tion could be an efficient alternative for single slope solar 
still.

Also, Kabeel (2009) has explored a concave-shaped basin 
solar still with pyramid-shaped top cover. The concave-
shaped basin is supported with wick to enhance the daily 
productivity of the still. Their results attained showed that 
during the daytime the average distillate productivity of 4.1 
L/m2 could be collected. Their system efficiency recorded 
could be reached to 45% in comparison to 30% for the ordi-
nary pyramid solar still with a cost efficiency reached to 
28% of concave pyramid-shaped solar still which means the 
structure is also valuable from the financial point of view.

Ahsan et al. (2014) experimented on triangular solar stills 
and concluded the water depth is signified as a significant 
parameter that affecting the still productivity and efficiency. 
However, the overall conclusion for this unique triangular 
shape-type solar still is untorturable since its productivity 

Fig. 10  Overview of the pyra-
mid-type solar still (modified 
from Nayi and Modi 2018)



 Applied Water Science (2024) 14:147147 Page 12 of 29

that might be reached to its maximum level in some days, 
but the annual performance is low due to heat loss from the 
system.

Conical hemispherical solar still

According to the literature (Gaad et  al., 2015), conical 
hemispherical solar still is consisting of a bases that is con-
structed from galvanized iron and circular in shape with a 
diameter is equal to 100 cm, the cone 33 cm and basin area 
is equal to 0.8  m2. The sides and the base of the still are 
painted black to well absorb the solar radiation and increase 
the still productivity. Moreover, all the sides and base of the 
still are insulated with (5 cm) foam. The condensing surface 
in the still unit is a 5 mm thickness of acrylic cover. The 
still cover is tilted with an angle according to the latitude of 
the location of experimental study (31º, of Sheben El Kom 
city, Egypt) to attain a maximal solar radiation as possible. 
Moreover, in order to collect the condensed water, channel 
is used from one side of the still. The schematic representa-
tion of such still is illustrated in Fig. 11. The experimental 
results revealed that the daily productivity for hemispherical 
conical still is 3.38 L/m2. day compared to the conventional 
basin solar stills was 1.93 L/m2.day at the same weather 
conditions.

Additionally, Ismail (2009) stated that the application 
of hemispherical solar still in his study yielded a distillate 
between 2.8 and 5.7 L/m2.day, while the efficacy is declined 
to by 8% with the increase in the saline water depth in the 
still basin by 50%. However, Arunkumar et al. (2012) inves-
tigated the parameters affects the performance of the hemi-
spherical conical still, whereas the temperature difference 
between water and glass significantly affects the still pro-
ductivity. Thus, they recorded that the cooling water over 
the hemispherical cover increases the collected distillate; 
such criteria could be attained through the flowing air or 
water over the hemispherical cover since the driving force 
of solar still depends on the temperature difference between 

water and glass. This hemispherical still over the traditional 
flat, one could increase the process by 1.25 times. The output 
of the still when cooling is applied to the cover and in the 
absence of cooling are 4.2 and 3.5 kg /m2.day.

Wick‑type solar still

A wicked solar still is categorized by a style of inclined solar 
still. Wicks are substances that could possess the capability 
of absorbing solar radiation to enhance the still efficiency 
and thus increase its productivity. Such materials are porous 
materials, which enables radiation absorbing pads (Mani-
kandan et al. 2013; Awasthi et al. 2018). Kassem (2016). It 
is recorded from different experimental work conducted that 
the use of wick materials enhances the still productivity and 
the tilted of such substances could increase the evaporation 
rates. Aruna and Janarthanan (2014) reported that the still 
efficiency is associated with the floating tilted-wick type, 
the flowing water flow rate inside the still through the tilted-
wick portion and the absorption capacity of the wick mate-
rial surface.

Fig. 11  Overview of the hemi-
spherical conical-type solar still 
(modified from Sathyamurthy 
et al. 2016)

Fig. 12  Overview of the tubular-type solar still (modified from Sathy-
amurthy et al. 2016)
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Wicked-type solar still could be categorized as various 
types such as multi-wick type still, which attains high pro-
ductivity through using various types of wicked materials: 
an evaporating wick, a condensing wick and a polytetra-
fluoroethylene net sandwich. Moreover, the wicked-type 
solar still can be concave-wick-type solar still. Such type is 
based on the evaporation rate of water which increases with 
low height of water inside the basin. The still productivity 
could increase to attain 4.1 L/m2 with the efficiency of 30% 
according to the research work conducted via Sivakumar 
and Sundaram (2013).

Tubular solar still

A tubular solar still (Fig. 12) is a type of stills that could be 
signified with its simple design and easily fabricated one. 
The previous research article cited in the literature Awasthi 
et al. (2018) exhibited that from experimental work sug-
gested that the various cover materials might affect the still 
productivity. In such study the authors compared the vinyl 
chloride sheet and polythene film, including the fabrication 
cost and still productivity through the collected distilled 
water. They recorded that the polythene film exhibited bet-
ter productivity due to its high durability. Moreover, they 
introduced a modification to suggest that tubular solar still 
as an efficient opportunity for humid air conditions.

Weir solar still

Weir solar still could be inclined or cascade in style with 
a weir-shaped absorber plate. A weir is used to distribute 
saline water consistently to it. In such system the brine water 
after the distillate collection is subjected for circulation into 
the fresh saline water to increase its temperature. Thus, this 
technique is prominent for more evaporation. The study pro-
posed by Sadineni et al. (2008) introduced the average distil-
late yield is 5.5 kg/m2.day with an enhancement in efficiency 
by 20% in comparison to the conventional solar still. Moreo-
ver, the results conducted by Tabrizi et al. (2010), reported 
the output of the solar still is 5.5 kg/m2.day. A weir-type 
cascade solar still is constructed, the experimental work is 
investigated by Tabrizi et al. (2010), and the distillate col-
lected is at a yield of 7.4 kg/m2/d.

Spherical solar still

Dhiman (1988) introduced the spherical-type solar still as 
an enhanced type of the conventional solar still as shown 
in Fig. 13. The still comprises a spherical glass cover that 
is fitted with a plate to contain the saline water. Such plate 
is a black in color and metallic, which is mounted horizon-
tally at the still center (Alatawi et al. 2022). Saline water 
in the plate is condensed along the internal surface of the 

Fig. 13  Overview of the spher-
ical-type solar still (modified 
from Dhiman 1988; Alatawi 
et al. 2022)
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glass cover, and then the distilled water is collected from 
the bottom of the still. The experimental data revealed that 
an enhancement in the still productivity could be reached 
to 30% increase when using such still over the conventional 
one.

Active solar stills

Any of the above-mentioned passive solar still productivity 
is calculated by the temperature difference between the water 
in the basin and the internal glass cover surface. In such pas-
sive stills, direct solar radiation is used as the heating source 
to increase the saline water temperature inside the basin. 
Subsequently, the evaporation is occurred, thereby leading 
to a decline in the still productivity. Mainly, this is the main 
disadvantage of a passive solar still. Hence, to overcome the 
above issue, many active solar stills are introduced to pro-
vide an extra thermal energy to the still basin. The additional 
energy thus increases the evaporation rate, which further 
enhances the still productivity. Hot water could be fed into 
the solar still basin through an external mode such as solar 
collector panel. Water could be preheated prior to feeding 
to the solar still and submitted to the basin at a constant 
flow rate. Auxiliary external heating could increase the water 
temperature from 20–50 ºC to 70–80 ºC.

Active solar still supplemented with a flat plate 
collector

The effect of coupling a flat plate collector (FPC) with the 
conventional solar still enhances its performance since it 
works at a high-temperature distillation method as seen 
in Fig. 14. FPC might work in either forced circulation 
mode or natural circulation approach. In the forced circu-
lation approach, a pump is supplemented to provide water. 
However, in the natural circulation style, water circulates 
and flows according to the water density variance. In both 
modes, extra thermal energy is added to the basin of the 
solar still.

Kiatsiriroat et al. (1987) used an FPC to enhance the 
conventional solar still productivity and the unit con-
sists of a distillation unit with various parallel vertical 
plates. They concluded that whereas the number of plates 
increase, the distillate output enhanced and an increment 
in the distillate yield (34%) is attained. Additionally, Rai 
and Tiwari (1983) reported that the coupled single-basin 
still has a productivity enhancement. Also, the collected 
daily distillate from the forced circulation style still is 
higher than the uncoupled single-basin still by 24%.

Fig. 14  Overview of the 
integrated active solar still with 
a flat plate collector (modified 
from Kumer et al., 2015)
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Active solar still supplemented with a parabolic 
trough collector and heat exchanger

Singh et al. (1996) and Abdel-Rehim and Lasheen (2007) 
introduced that supplementation of the solar still with a para-
bolic trough concentrator (PTC). In their investigation, the 
basin water temperature was raised by the augmentation of 
the basin solar still with parabolic trough collector. Their 
schematic representation is illustrated in Fig. 15. The system 
comprises a conventional still basin, parabolic trough, circu-
lating pump and a heat exchanger. Their system showed an 
increase in the fresh water productivity by 18%, comparing 
it with conventional passive solar still.

Also, Bechir Chaouchi et al. (2007) used a tiny solar 
desalination unit combined with a solar concentrator via par-
abolic trough collector. Their installation is constructed from 
an evaporating surface where the saline water persists by 
using a boiler. Also, parabolic solar trough collector is used 
to focus the solar radiation into the saline water in the boiler. 
The supplement is connected with a condenser with a heat 
exchanger and a trough at the bottom to collect the distillate 
yield. The attained results verify the use of solar concentra-
tors coupled with the solar still versus the conventional solar 

still that could compete them in conventional energies in 
solar desalination.

Solar still combined with evacuated tube collector

Solar still supplemented with evacuated tube collector 
(ETC) for water heating purposes is more beneficial and 
possess higher efficiency than the flat plate collectors since 
the higher thermal water heating facility (Sampathkumar 
et al. 2010) (Fig. 16). Comparing the ETC with the FPC, the 
sun radiation is perpendicular on the FPC collector only at 
noon. However, the proportion of the sunlight arresting the 
collector surface is instead usually be reflected. Thus, this 
is unfavorable behind the solar noon. On the other hand, 
for the ETC that possess a cylindrical shape, most around 
the whole day, sun radiation is perpendicular to the sur-
face of the glass. Thus, the ETC most likely declines the 
heat losses as vacuum is existing in the tubes. ECT com-
bined with the solar still comprises two coaxial tubes with 
evacuated space between an outer surface of inner tube and 
inner surface outer tube of outer tube. Heat transfer car-
rier, fluid, enters the glass tube and leaves it through the 
annular space between the delivery tube and selective coated 

Fig. 15  Overview of the 
integrated active solar still with 
a parabolic trough collector 
(modified from Sampathkumar 
et al. 2010)
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absorber, which is evacuated to minimize the convection 
heat losses. Tiwari et al. (2007) reported a comparison of 
using ECT augmented with the conventional solar still and 
the corresponding still combined with the FPC. Their results 
exhibited that the productivity enhancement reached 13.14 
and 18.26% when solar still augmented with ECT or FPC, 
respectively, over the conventional solar still. Such data veri-
fied the effectiveness of the ETC.

Kargar Sharif Abad et al. (2013) introduced ETC as a 
high-performance thermal conducting device that could 
raise the solar still basin water temperature very quickly. 

The experimental data investigated the hourly maximum 
productivity of up to 875 mL/m2 using the optimum water 
depth (40%) in the still.

Preheated water active and waste heat recovery 
solar stills

During the sunshine hours, the hot wastewater could be 
recirculated in order to recover the wastewater heat. Such 
recovery is carried out through passing wastewater at a 
constant flow rate and hence the basin is preheated. This 

Fig. 16  Overview of the 
integrated active solar still with 
an evacuated tube collector 
(modified from Sampathkumar 
et al. 2010)

Fig. 17  Overview of the 
integrated active solar still with 
a PCM configuration (Solanki 
and Patel (2017)
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methodology could increase the water basin temperature dif-
ference with the glass cover, which therefore leading to an 
enhancement in the evaporation and condensation processes. 
Gupta et al. (1988) found the application of such technology 
enhances the still productivity while keeping all the other 
parameters at its constant.

Solar stills performance improvement 
through design modification

Use of energy storage materials

The productivity of the solar still could be enhanced 
through a considerable amount of heat that could be stored 
in the phase change material (PCM) during sunshine hours 
(Fig. 17). PCM could supply a continuous extra thermal 
energy through the latent heat of PCM (Tony 2021b). After 
the sunshine, the heat stored through the PCM is used as a 
heat source to increase the effective time used in the desali-
nation process for water evaporation. Moreover, the tempera-
ture difference between the brine and glass cover became 
higher since the ambient temperature declined through 
the night time than the daylight. Solar still productivity is 
enhanced to attain 9 kg/m2.day on the sunrays over 5 kg/m2.
day without a PCM system (Nayi et al., 2018; Tony 2020b; 
Tony and Lin 2020a, b).

Sathyamurthy et al. (2014) used paraffin wax as a phase 
change material (PCM) to enhance the triangular pyramid-
type solar still performance. Sathyamurthy and his co-work-
ers conducted a comparative examination in India between 
the application in the PCM and without PCM. They pre-
ceded their study in a humid climate and incorporated the 
heat reservoir filled with PCM into the still. The experi-
mental results from such work recorded a 20% enhancement 
in the system coupled with PCM and the distillate output 
improved to 4.3 L/day in 24 h with a daily efficiency of 
enhancement from 45 to 53% when the system incorporated 
with PCM compared to with no PCM use. Also, the tem-
perature difference between the water and glass cover was 
recorded at 10–15.5 °C throughout the off-shine period from 
the stored energy in the PCM.

Arunkumar and Kabeel (2017) presented a combined 
solar still with PCM and compared their results with the 
system without PCM support. They reported that an 
enhancement in the solar still incorporated with PCM sys-
tem performance as the daily yield recorded is 5.78 L/m2 in 
comparison to 5.33 L/m2 for the system without PCM.

Kabeel et al. (2017) explored the modified pyramid-type 
solar still incorporated with phase change material (PCM) in 
the v-corrugated absorber. In the work of researchers, identi-
cal solar stills are designed and constructed for experiments 
to compare the effect of using PCM. The result concluded 

that the PCM-equipped solar still provides a distillate capac-
ity of 6.6 L/m2.day in comparison to 3.5 L/m2.day for the 
system with incorporated PCM. Thus, the use of PCM com-
bined solar still system could overcome the intermittent 
nature of solar energy.

Use of porous materials

Scattered researchers established solar stills incorporated 
with different absorbing porous materials. It is noteworthy 
to mention that such absorbing materials create a signifi-
cant role for enhancing the evaporation surface area besides 
the basin internal thermal storage. Sodha et  al. (1980); 
Dutt et al. (1989) introduced solar stills with dye in the 
basin. Velmurugan et al. (2008) exhibited experiments in 
a single-basin solar still coupled with sponge cubes, a wick 
and fins. In their experiments, 450 sponges of dimensions 
20 mm × 35 mm × 35 mm were applied in the still augmented 
with fins and the results verified that the use of porous 
materials enhances the still’s productivity. Also, Kannan 
et al. (2014) investigated a solar absorption still augmented 
with various absorbing materials, namely, sponges, gravel, 
sand and black rubber pieces. The coupling of the vapor 
absorption solar still with sponge, sand and black rubber 
pieces enhanced the system productivity. Further, Philip 
et al. (2016) used spheres and different colored sponges to 
enhance the solar still efficiency. They filled each solar still 
with 127 g of rock salt. The experimental data revealed that 
solar still with spheres could improve the still productivity.

Air bubbled solar still

The effect of the simultaneous use of air bubbling in cou-
pling with solar still is investigated as an enhancement aid 
of the overall still efficiency (Fig. 18). The solar still in this 
mode is augmented with forced air bubbling over water in 
the basin and glass cover to cool the flowing water surface 
(Kumer et al., 2015). Thus, such system style could be able 
to enhance both the evaporation and condensation processes. 
Moreover, this technique is also attaining higher distillate 
yield. Pandey (1984) applied the modified air bubbled sys-
tem to improve the still productivity, and their experimental 
work results confirmed the productivity improvement over 
the conventional still type.

Use of fans

Solar power could still be incorporated with a fan to 
improve productivity, and the fan could be operated by a 
photovoltaic cell (PVC). In such mode, water vapor genera-
tion beneath the still glass cover is pushed out using a suc-
tion fan (Fig. 19). The condensate is then passed through a 
water-cooled condensation unit (Omara et al. 2017). This 
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configuration is applied to decrease the air pressure in the 
basin, which could further attain a faster evaporation since 
the water evaporation temperature is declined. In the previ-
ous investigation of Kabeel et al. (2012a, b), the still pro-
ductivity is enhanced by using a rotating water fan and the 
fan speed affects the still productivity. A photovoltaic system 
(PV) is applied to rotate the water fan. The fan rotational 
speed and the depth of saline water affect the still system 
performance. The system yield increased by 25% using a 
fan at a depth of 3 cm and a speed of 45 rpm. To add up, 
Omara et al. (2017) used a fixed fan inside the solar still. 
They checked various water depths to install the fan. Overall, 

the system is incremented by integrating the fan mounted at 
22 rpm and at 3 cm depth. Meanwhile, the daily efficiency 
using a fan is increased by 39.8% compared to 36.7% in the 
solar still system.

Use of nanofluids

The solar still productivity yield could be incremented via 
nanoparticles addition to the base fluid (water). In this 
regard, the heat transfer coefficients could be improved 
by the thermophysical properties of base fluid (water) 
improvement. The suspension of nanoparticles into water 

Fig. 18  Overview of the 
integrated active solar still with 
an air bubbling configuration 
(modified from Kabeet et al. 
2015)

Fig. 19  Overview of the inte-
grated active solar still with a 
fan (modified from Kabeet et al. 
2012)
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that is called nanofluid is signified as a simple process that 
possess the benefit of enhances the thermophysical proper-
ties. Such nanoparticles could be added in various types 
such as aluminum oxide, zinc oxide, iron oxide and tin 
oxide (Lovedeep and Tiwari, 2016; Tony and Lin 2022a). 
This process is conducted through the suspension of nano-
sized particles (1–100 nm) into the water in the basin. The 
included nanoparticles shape and concentration as well as 
the base fluid could affect the process performance. The 
exclusive thermophysical properties of nanofluids involve 
thermal conductivity, specific heat, viscosity and substan-
tial heat transfer coefficient improvement.

Choi (Choi, 1995) introduced in 1995 a pioneered 
study on solar still enhancement via including nanopar-
ticles in the base fluid that results in the improvement in 
its thermal conductivity. Further, Elango et al. in 2015 
(Elango et al., 2015) established an experimental compara-
tive study based on the improvement of solar still perfor-
mance through the use of nanofluid and compared it with 
the solar system. Systems' productivity is investigated, and 
the comparison of using various nanoparticles at different 
concentrations is also highlighted.

Lovedeep and Tiwari (2016) comprised different alu-
minum oxide masses ranged from 35 to 80 kg into water 
as the used bases fluid. Their results showed a signifi-
cance enhancement in the solar still yield and the system 
productivity ranged from 12.2% and 8.4% according to 

the amount of nanoparticles addition of 35 kg and 80 kg, 
respectively.

Photovoltaic‑thermal (PVT) solar still

Electrical power is supplied to the solar stills to improve 
the still performance. Photovoltaic-thermal (PVT) water 
collector is applied in order to improve the desalination 
through solar still performances (Fig. 20). PVT is signified 
as tremendous promise since it is sustainable energy system, 
eco-friendly and electrical cost-efficient source. A PVT col-
lector could simultaneously provide an enhanced desalina-
tion system through both water preheating and saline water 
temperature raising that increases the production of desali-
nated water. Such mode of solar still could provide criteria 
of enhancing the solar still yield (Naroei et al. 2018). Pho-
tovoltaic (PV) system could be also used to rotate the fan in 
the active fan coupled still (Kabeel et al. 2012a, b; Tony and 
Tayeb 2016; Tony and Mansour, 2019).

Manokar et al. (2018) conduced a comparative study 
using various single-basin solar distillation stills from the 
same fabrication to study the comparison of the cumula-
tive water distillation. PVT among the studied configura-
tion showed two times of the produced water compared to 
the conventional solar still. The experimental data showed 
that the productivity of the distillate attained is 7.3 kg/m2.
day, which verifies the sustainable production of an inclined 

Fig. 20  Overview of the 
integrated active solar still with 
a PVT (modified from Naroei 
et al. 2018)
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solar panel still with sidewall insulation. Such scattered work 
confirmed the integrated solar still that could be applied in 
coastal and rural areas, which endowed with solar energy to 
attain clean water.

Water flow over cover

It is estimated that the highest possible temperature differ-
ence between the solar still basin water and the glass cover 
is essential. The process could conduct through a thin uni-
formly moving water film over the still glass cover. Moreo-
ver, to increase the temperature difference between the hot 
water in the basin and the glass cover, hot water waste could 
be recycled, which might attain a high yield. Thus, the still 
productivity increases.

Tiwari and his co-workers in 1985 (Tiwari et al., 1985) 
found a flow water over the glass cover could propose an 
increase in the still productivity through recycling the hot 
water into the system. Suresh and Shanmugan (2019) pro-
posed the enhancement of the solar still by flowing water 
over the glass cover. They concluded that such investiga-
tion could enhance the absorption effect of the structure and 
their theoretical results were confirmed with the experimen-
tal work. In their superior design, they found that the still 
productivity could reach to a daily production of 429 kg/m2, 
which means 25% higher production than the conventional 
style.

The overall types of the solar stills as well as the sug-
gested modifications to increase the performance are dis-
played in the diagram of Fig. 21.

Fig. 21  Diagram presenting 
solar still types and the modifi-
cations potential to enhance the 
performance
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Parameters affecting the productivity 
of solar stills

Either uncontrollable or controllable variables could enhance 
the solar still productivity. Such uncontrollable parameters 
are including solar radiation, ambient temperature and wind 
velocity. However, there are other controllable parameters 
as depth of water in the basin, glass cover thickness material 
and tilt angle, construction materials and insulation and tem-
perature of water in the basin. The still performance could 
be enhanced through the controllable parameters.

Climatic conditions

As the solar desalination system depends on the solar 
radiation, the increase in the intensity of solar radiation 
enhances the desalination of the still and the still produc-
tivity is increased (Tony et al. 2016). Generally, the solar 
stills attain the highest productivity around the solar noon 
since the solar radiation intensity reaches to its maximum 
temperature. Thus, this facilitates the water evaporation rate, 
which is accelerated. Moreover, according to the place and 
the time of the year that is controlled by the place latitude 
and time dependence, the intensity of solar radiation is var-
ied. Such solar radiation intensity is a predictable value from 
mathematical simulation model (Taha 2010; Tony and Lin, 
2022). Tony and Mansour (2020a, b) reported that the inten-
sity of solar radiation, in a city in north of Egypt (Shebin 
El-Kom), is changed during the day and the maximum solar 
intensity was recorded around solar noon at the summer 
period rather than the winter season. According to Akash 
et al. (2000) investigation, the solar radiation intensity is sig-
nificantly affecting the temperature of the receiving surface, 
thereby the heating system processes dependence such as 
solar desalination configurations should be affected.

Not only the sun radiation intensity plays a significant 
role in the solar still efficiency, but also the wind speed over 
the glass cover. Since the wind speed elevated, the convec-
tive heat transfer from the glass surface declines its tem-
perature. From this regard, more distillate condenses on the 
internal surface of the glass cover of the still. Overall, the 
desalination process enhances and the solar still productivity 
is increased.

Surface area of evaporation and basin water depth

Solar still water depth is categorized as a significant param-
eter that affects distillate productivity. This is because the 
evaporation rate of the distilled water is reasonably associ-
ated with the surface area of water exposed to solar energy 
and should be evaporated. Consequently, enlarging the 

surface area of saline water located in the basin of the dis-
tiller enhances the efficiency of distilled fresh water gen-
eration. Scattered work studies investigated the effect of 
water depth in the solar still on the evaporation efficiency. 
The water depth in the basin is inversely proportional to the 
distill efficiency and clean water productivity (Tiwari et al., 
2017; Ahsour and Tony 2020a, b, c). It is recorded that the 
lowest depth of water corresponds to the highest produc-
tivity at a stable solar radiation, and further, a dry spot is 
attained. Tiwari, Sumegha and Yadav (19,991) studied the 
varying of (0.02 m, 0.04 m, 0.06 m, 0.08 m, 0.10 m, 0.12 m 
and 0.14 m) in the water depth to check its effect on the 
productivity. They reported that the solar still’s productiv-
ity is found declined with the water depth increase. Elango 
and Murugavel (2015) compared the water depth increase 
on both types of solar distillers, single- and double-basin 
solar stills, and their investigation found the water depth 
increase lowered the productivity in both types of solar stills. 
Overall, the recommended water depth in the basin is ranged 
from 2 to 6 cm in the all the investigated cases. Although, at 
the nighttime and off-sun periods, the opposite is occurred, 
the productivity increases with the increase in water depth 
since the overnight productivity followed a reverse trend. At 
nocturnal, the depth of the basin water increases the volume, 
and the volumetric heat capacity of water increases. Thus, 
a low evaporation rate is attained. Through the nighttime, 
the desalination process is continued since the heat energy 
absorbed by the water is released. Consequently, more vol-
ume of water absorbs more energy.

Slope of the cover

Notably, the cover slope of solar still is proportionally affect-
ing the still productivity since the appropriate inclination 
of the cover maximizes the absorption of sunlight. Thus, 
the still productivity is enhanced by the increased flow of 
condensed droplets. The suitable angle of the slope of the 
cover is minimizing the reflection of sunlight from the cover 
as well as adequate quantity of condensed droplets trickles 
down to the collector instead of falling in the basin water. 
The change in slope accordingly affects the volume of air 
concerning the water surface and the glass condensing cover. 
This is due to the increase in the slope tendencies to increase 
the volume of air to be saturated as well; thereby, this results 
in a reduction in the still efficiency and productivity. Also, 
the increase in the cover slope increases the number of 
reflected radiations through the cover, which further results 
in a depletion in the distillate yield. However, the too low 
slope of the cover, the distillate droplets on the cover will 
increase and fall into the basin instead of the distillate-col-
lecting trough, which is undesirable. To add up, the increase 
in the slope means an increase in the surface area of the 
cover that results in an increase in thermal losses. Previous 
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investigators recorded that the efficient solar still productiv-
ity is attained when the slope of the cover is the same as the 
latitude of the place (Singh and Tiwari 2004; Akash et al. 
2000; Khalifa and Hamood, 2009).

Material and thickness of the cover

The transmissivity of the cover and its thickness is signi-
fied as substantial factors that influence the still productiv-
ity. The thermal conductivity of the cover impacts the still 
yield. Dimri et al. (2008) compared different types of still 
cover materials, namely glass, plastic and copper, and the 
maximum still productivity. According to their experimental 
investigation, the maximum still productivity is correspond-
ing to copper, and the lowest productivity is corresponded 
to the use of plastic materials cover. However, due to the 
economic cost opportunities, glass cover is preferred. The 
data available in the cited articles are in lack of covering the 
topic of the type of cover effects on the still yield.

On the other hand, the glass plays a significant role on 
the transmittance of the high-frequency radiation, i.e., high 
energy. Also, blocking low-frequency radiations makes it 
an excellent material to select. In the experimental work 
conducted by Ghoneyem and Ileri (1997), they changed the 
glass cover thickness from 3 to 6 mm to check their tendency 
in the quality of the still performance. According to their 
experimental results, they recorded using a 3-mm-thick glass 
cover could be achieving the maximum still productivity. 
Such result is attributed to the heat transfer from the top 
cover surface into the internal still area that is enhanced 
with the less thick cover. However, a too-thin layer of glass 
is unfavorable since it declines the condensation rate at the 
glass cover. According to the data cited in the literature, the 
optimal glass cover thickness is ranged from 3 to 5 mm.

The temperature difference of water and glass cover

The temperature difference between the water in the basin 
and the glass cover is directly proportional to the solar still’s 
productivity yield. The temperature difference is acting as a 
significant driving force for the mechanism of a solar still. 
Previous investigation by Abu-Hijleh (1996) founded that 
the cooling of the top glass cover by water could achieve 
an enhancement in the efficiency of the still by 6%. Also, 
Al-Garni (2012) recorded an enhancement in the still yield 
when a cooling water film is applied to the glass cover. Addi-
tionally, Murugavel et al. (2010) investigated the increase 
in the temperature difference between the basin water and 
glass cover by an electric resistance heater to heat water. 
Thus, the higher temperature of water enhances the evapo-
ration rate and reduced temperature of glass cover, which 
increases the condensation rate. From such scattered work 
by various researchers, it could be concluded that the higher 

the water–glass cover temperature difference, the much solar 
distillate is collected.

Insulation material and thickness

Through the sunshine periods, excess heat means the basin 
water absorbs energy. With good insulation to the still basin, 
high energy will be stored; nevertheless, it could be lost 
as waste heat. Several insulation schemes could be applied 
as proper insulation materials (Tony 2021a). For instance, 
Hashim et al. (2009) checked various insulating materials 
such as plywood, glass wool–plywood, hay–plywood and 
5 mm thick air gap. They compared their performance with 
a solar still in absence of insulation. The still productivity 
yield increases from 82 to 126% according to the type of 
insulated system. Karaghouli and Alnaser (2004) and Sahoo 
et al. (2008) found that the insulation material increases the 
solar still productivity. Sahoo et al. (2008) found the ther-
mocouple could be used as an insulation system. Abdal-
lah and Badran (2008) investigated the various insulation 
thicknesses, and their comparative study revealed that the 
6 cm insulated thickness increased the productivity to 80% 
compared to 3 cm thick. The insulation could be attributed 
to this reduces the heat loss to the surroundings.

Table 3 displays representative comparative data for the 
above-mentioned and discussed solar still system types and 
design performances of both passive and active still types 
for solar desalting systems. All the systems are evaluated 
through the distillate yield output and efficiency criteria 
on a daily basis. As seen from the comparative analysis, 
the coupled systems with solar heating showed an incre-
ment in the still productivity compared to the conventional 
or other active still types. Notably, it is explored that the 
systems that are based on the coupled solar dealing systems 
showed higher yield as well as higher performances than of 
the single-basin still system. It is noteworthy to mention the 
latitude of the place of testing differs according to the place 
of conducting the experiments, which means different tem-
peratures and solar intensities also affect the performance. 
Accordingly, the application of the solar desalination system 
is recommended for desalting processes and freshwater gen-
eration through an environmental protection and sustainable 
regime.

Suggestions for future scope

The detailed above-mentioned literature survey illustrated 
the aspects related to the solar desalination system. In this 
regard, novel solar desalting systems should be investigated 
to focus on solar radiation and improve the still perfor-
mances. The more and more feasible cost-efficient systems 
should also be investigated. More attention should be paid 
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for eliminating deposit, scaling and fouling concerns in 
future related research studies in order to attain economic, 
feasible, productive, novel solar desalting units. We inves-
tigate new design aspects to attain a greater temperature 
deviation between the basin cover and saline water, besides 
enlarging the evaporative surface area. Augmentation of 
the solar concentrating collectors with a tracking system 
to increase the solar radiation could be supplied. Develop-
ing new effective materials could enhance the performance 
rather than the nanoparticle's addition to the base fluid. Self-
sustainable and long-lasting still also must be considered for 
a sustainable future.

Conclusion

A review of the research advances for the solar desalting 
over the solar still systems is explored. The research works 
dealing with various modifications for the conventional solar 
stills in order to enhance the productivity are investigated. 
A summary of the work studied is also presented to display 
the improvements conducted, and their corresponding still 
efficiency is attained. The most important parameters that 
enhance the efficiency include the climate conditions, basin 
water depth, basin cover slope, thickness and its material of 
construction, the temperature difference of water and glass 
cover and insulation material and thickness. It is summa-
rized that the basin water depth increases the rate of evapo-
ration, consequently increasing the still productivity. Also, 
the climate conditions and the latitude of the testing place 
could play a significant role and the basin cover tilt angle 
should be equal to the latitude angle of the location in order 
to attain a maximum solar radiation.

Moreover, cooling of the water on the glass could also 
control the heat loss, which further increases the still pro-
ductivity yield. The insulation thickness should be in an 
optimal thickness to prevent or reduce heat loss and further 
enhance the efficiency of the still. Porous absorber materials 
showed an interment in the still yield.

Some modified and advanced design is illustrated using 
some advances and modifications to improve the efficiency 
and decrease the loss of radiation. Such advanced designs 
include the pyramid triangular solar still, tubular, double-
basin, hemispherical and spherical solar still. The integrated 
system stills, such as coupling with a PVT, PCM and solar 
collectors, is efficient in improving the performance of the 
system.

From the future prospects regard, enhancing solar distil-
lation technology could be attained via coupling with exter-
nal equipment, arrangements of various variables and the 
application of novel designs with using advanced materials. 

This could reach to a practical and real scale of solar still 
applications.
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