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ABSTRACT

All Earth's life forms depend heavily on water. Despite the critical importance of
fresh water in the modern world, water pollution caused by industry and increasing
urbanization has significantly reduced the amount of pure water available on Earth.
Changes in global climate and seasons also contribute significantly to the depletion
of fresh water resources. Population growth over the past few decades has increased
the demand for safe drinking water. Multiple water-borne diseases can result from
drinking contaminated water, and depending on the level of pollution, this could
even be fatal. There are several ways to purify polluted water, but solar distillation
is the most cost-effective and environmentally friendly option because it mimics the
hydrological processes seen in nature and can be powered by the sun alone. Solar
stills provide drinkable water and don't call for any special expertise to operate or
maintain. An integrated PV/T solar still is a welcome solution for distant locations
that already struggle with access to safe drinking water and dependable electricity.
According to research, a passive solar still produced 2-5 kg/m2 of fresh water daily
whereas an active solar still connected to a PV/T collector could produce 6-12
kg/m? of fresh water daily. In this paper, we provide a complete investigation of the
solar still coupling and PV module coupling levels at the moment.
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1. Introduction

Water on Earth is 96.54% of salt water, while only
2.53% is fresh water [1], and only _0.36% of the
fresh water is drinkable [2]. Overpopulation and
increased industrialization have put pressure on
formerly adequate water sources. Desalination is
seen as a viable option to meet the growing need to
fresh water. Total capacity, of the global is around
to (60) million, m3 /d [3], and there are currently
(14,451) desalination plants operating, as reported
by the [22nd GWI/ IDA] Desalting Worldwide
Plant Inventory. Multi-Stage Flash (MSF)
distillation, Multi-Effect Distillation (MED), and
Vapor Compression (VC) are examples of thermal
technologies; Membrane technology examples
include Microfiltration (MF), Ultrafiltration (UF),
Nanofiltration (NF), and Reverse Osmosis (RO).

Commercially, MSF, MED, and RO are
implemented in significant capacity in cities
because they consistently have excellent

efficiencies relative to electrical power usage.
Villages of the north and west in China, as well as
islands of the East and South Seas China, are too
far off from major population centers to benefit
from these technologies. Solar stills have the
potential to be used in such locations to supply
clean drinking water. To begin, there is a severe
dearth of electrical energy, and the use of any
electrical infrastructure is highly discouraged.
Second, the sun provides a plentiful source of
energy. For instance, in the north and west of
China, the average annual solar radiation is greater
than 6000 MJ/m2 ly.

And finally, solar stills are inexpensive,
simple, and environmentally friendly to use. In
addition, the populations and pure water demand are
low enough that solar stills could meet the need,
despite their lower productivity compared to
electricity-driven desalination methods. Fifth, solar is
projected to continue to combine with photovoltaic &
thermal systems (PV/T) [4] ,or concentrated solar
power (CSP) plants, as more and more photovoltaic
and plants thermal are used, in these areas.
According to Kumar and Tiwari [5], the cost of
filtered water generated by passive solar was still
(0$0.014/kg) for a system with a (30) year life
duration.. Additionally, A solar distillation facility
with a capacity of less than 200 kg/d was suggested.
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it more cost-effective than other plant types. Due to
its low efficiency, solar still has not been widely
used. Two of the biggest obstacles to developing
solar stills are increasing production and making
them more adaptable to various climates. Many
scientists have contributed to the process of
optimizing or rebuilding structures; most of their
efforts have been put to the test in the laboratory. The
history and developments of solar stills have been
summarized by a number of academics [6-9].
Structure modifications and their impact on
productivity and efficiency were the topic of research
by Kabeel and El-Agouz [6] and Velmurugan and
Srithar [7]. Energy transfer equations for the
distillation process were presented, and solar stills
were characterized by Kaushal and Varun [8]. For
anyone interested in learning more about active solar
distillation, Sampathkumar et al. [9] wrote a
comprehensive and in-depth overview. The goal of
this work is to classify solar stills into six types
according to design guidelines and to expound on the
attributes of each guideline from the perspective of
increasing solar still production. Climate-specific
recommendations for optimal building design are
provided. In order to have a full picture of solar stills,
it is necessary to analyze the most basic mass and
heat transmission processes. Figure 1 [10] displays
the various solar still distillation classifications.
There are two basic kinds of solar stills: dynamic and
static. In passive stills, the water in the basin is
heated directly, eliminating the need for any
additional heating sources and allowing distillation
and heat collection to take place within the same
apparatus. . There are two main types of passive
solar stills, the traditional ones and the efficient ones.
Water in active solar stills is heated directly,
However, It also receives preheated water through an
indirect channel that is heated outside, such as hot
water accessible from a solar collector, heater, and a
recirculation of outgoing water, in order to improve
the water temperature in the basin and so boost the
evaporation rates. Separate types of active solar stills
include those that use waste heat as their primary
energy source, those that rely on solar collectors
(such as concentrators and flat plates), and those that
use a combination of the two. The first known usage
of stills was in 1551 by Arab alchemists, who were
quickly followed by other scientists and scholars such
as Della Porta (1589), Lavoisier (1862), and Mauchot
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(1869). A little mining town in Las Salinas, modern-
day Chile, commissioned Swedish engineer Charles
Wilson to construct the world's first conventional
solar still plant. The first stills were just enormous
basins used to collect and store the high-salinity fresh
water (four times that of seawater) used to supply the
mine employees and locals with the nitrate mining
effluents. There is a wide variety of styles and
materials used to create the earliest stills. Several
factors, including latitude, sun angle, average
weather, solar still design, and distillation methods,
affect how much water can be distilled with a solar

Concentrator
collector

Thermosyphon
(Natural circulation)

Foreed circulation

still. Very low operating costs are what make solar
distillation a practical option [11].

Figure 1: solar still distillation categories

2. Basin-type solar still productivity and the
parameters that affect it

Figure 2[12] illustrates how ambient, operating, and
design circumstances affect a solar still's output.
Operating conditions include water depth, different
colors, still orientation, and input water temperature,
whereas ambient factors involve temperature,
isolation, and wind speed. Results appear to confirm
that sunlight is crucial to this process. Kamal [13]
showed convincingly that the outputs are highly
sensitive to the source, which of this case is solar
energy. temperatures and solar radiation have been
shown to have a direct effect on still performance, as
reported by Rahbar and Esfahani [14]. Aburideh et al.
[15] conducted an experiment in the village of Bou
Ismail-Algeria to investigate the impact of weather
sun still on a double-slope plane; The outcomes
demonstrated that incident sun radiation has a
significant impact on production augmentation.
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Parameters affecting basin type solar still
productivity

Figure 2: factors affecting the production of basin-
type solar stills.

3.The process of a solar still and how it functions

Water that is high in salt content, such as saltwater,
must be desalinized before it can be used in a solar
still  system [16]. In solar desalination, the
evaporation and condensation process is used, just as
it occurs in the hydrologic cycle. Energy from the sun
is used in a green energy transfer process called a
solar still to purify dirty water into drinkable water
(as depicted in Fig. 1) [17]. At the outset, dirty water
is poured into the solar still's basin. Light from the
sun passes through a transparent yet condensing
cover, raising the water's temperature to the boiling
point, where it then evaporates. The slanted glass top
became covered in water vapour., and the resulting
droplets of pure, contaminant-free water slowly made
their way downhill, where they were collected in a
distillation trough. [18,19]. Consequently, the amount
of energy produced by a solar still is totally reliant on
the amount of sunlight that hits it [20]. Figure 3 is a
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diagrammatic representation of a basic basin-style
solar still.

Fig. 3 : Flowchart of a straightforward basin-style
solar still. Adapted from ref. with permission. [21].

3.1.Maintenance and troubleshooting

For optimal solar still performance, several measures
must be implemented. Here are some of them:

First, scrub the toilet and flush it clean. Mineral salts
and other impurities are left behind in the solar still
basin as water evaporates. If the still is not regularly
serviced and cleansed, these salts will accumulate to
the point of saturation. Three times as much make up
water as daily distillate is needed for proper still
operation. The still's output of 2 litres of water would
necessitate the addition of 6 litres of make-up water.
The still dumps the extra 4 litres of water as make up
water. To avoid salt buildup, the still basin gets a
regular flush from the surplus make up water.
Second, keep the glass and condensate channel clean
to maximise the solar distill's efficiency. Dust on the
glass cover can block some of the sun's rays, limiting
the device's performance. Vapor leakage can occur if
glass is broken. When draining the basin water, it is
also necessary to clean the condensate channel.
Distillate, or another cleaning solution, can be used to
clean glass [22][87].

4. Solar power generator containing a
photovoltaic module

4.1.Flat plate collector

The internal heat transfer coefficient of a hybrid
(PVIT) active solar still was experimentally
investigated by Kumar et al.[23]. Fig. 4.a depicts the
side view of a typical single slope passive solar
still.(CSSPSS). It's constructed using GRP material,
which is glass fiber reinforced plastic. The sloping
slope of the condensing cover was 30 degrees with
respect to the level of the ground below. In Fig. 4.b,

we see the active solar hybrid from the side (HASS).
Flat plate collector with integrated PV (FPC) and Dc
generator pump are the three main components When
forced circulation is used, a pump is used to circulate
the water through the system .The CSSPSS and
HASS trials were run all year long under the actual
weather conditions experienced by Indian.

(a)

Condensing glass cover

Drainage pipe

(b)

Condensing glass cover

o Water feed
TN valve

(4 Lron stand

DC water pump

Fig. 4: (a) Single-slope passive solar still diagram,
side view. (b) Schematic of a hybrid (PV/T) active
solar still .[23]
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Fig. 5: Photograph of experimental setup of hybrid

(PV-T) active solar still [24].
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Fig. 6: average monthly change in comparison (a)
convective (b) Evaporative heat transfer coefficient
in passive and hybrid active solar stills of 0.05 m
water depth [23].

The average convective heat transfer coefficient for
CSSPSS and HASS at a depth of 0.05 m is shown to
vary by month in Fig. 6.a.

Comparing CSSPSS with HASS, the average
convective heat transfer coefficient is. For CSSPSS
and HASS, the typical evaporative heat transfer
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coefficient at a depth of 0.05 m is shown to vary by
month in Fig. 6.b. The average coefficient of
convective heat transfer in (CSSPSS) is and in
(HASS) it is. The annual mean value of the HASS's
convective and evaporative heat transfer coefficient
is found to be three to five times higher than that of
the (CSSPSS). The characteristics equation for a
single-slope solar still-FPC-PVmodule setup was
obtained by Dev et al. [24]. Theoretical predictions
were compared with experimental results. During the
period in New Delhi, India, from April 2006 to
March 2007, experiments were carried out in order to
complete the characteristics equation of the Hybrid
PVI/T active solar still. The hybrid PV/T active solar
still experimental set up is depicted in Fig. 5. This
installation features a 1 m2 solar still with a 30
degree condensing cover and two 4 m2 FPCs that are
45 degrees off the ground. The DC motor that moves
the still basin receives water from the collector is
powered by a 75-watt photovoltaic panel that is built
into one of the lower sides of the FPC. During non-
sunny times, the pump is turned off to prevent heat
loss from the opposite direction. At a water depth of
5 cm and with the pump working for 9 hours, HASS
was shown to be 3.5 times more productive than PSS.
A solar still can produce as much as 7.223 kg of
liquid at its peak and as little as 2.006 kg at its
lowest. Kumar and Tiwari [25] built and tested a
single-slope photovoltaic thermal active solar still
(HASS) and a single-slope passive solar still (PSS) in
real-world climate. To compare HASS and PSS
yields at a depth of 0.05 m during the year 2006-
2007, see Fig. 7. In April of 2006, HASS and PSS
fresh water production peaked at 7.22 kg and 2.26 kg,
respectively.

~

6 = Total radiation == Diffuse radiation - 8 "g

g 5 —&—mew(Hybrid Active) —6—mew(Passive) L7 é‘
g A 6 o
N H:
n2 3 4y
3%, 3 2
2% L2 §
2 11 7=
[} 15
04 ) 2
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Fig. 7: yield comparisons of hybrid active and
passive solar stills in various months between 2006
and 2007 at 0.05 metres of water depth [25].

Fig. 8: Monthly fluctuation of thermal and electrical
efficiency for 0.05 m water depth for passive and
hybrid active solar stills [25].

Condensing glass cover

S Plastic gate valve
for filling the
waterirefeeding the

) hourly distillate in

the basin

Jar for
collecting the
distillate

Basinliner, o, Ig(t)

le—Insulated pipe

DC Pung

Fig.9: PV/T hybrid active solar still's schematic [26].

The number of collectors needed to integrate a PV/T
hybrid active solar still was improved by Gaur et al.
[21] by using energy and exergy equations.

It is made up of a solar still and a PVT coupled FPC
(Fig. 9) To power the DC pump, a semi-transparent
PV module serves as part of the PVT-roof. FPC's DC
pumps can transport the heated water from the FPCs
to the solar still. Fig. 10 is a schematic showing a
series connection of PV/T collectors.

Water inlet - Solar still

1o Solar m]l\
N

Semi
transparent PV
module

Distillate
output

No. of
collectors

N=n

Water inlet to
+—first collector

Fig. 10: Schematic diagram of PV/T collectors
connected in series [26].

Ten tubes are spread out over a square meter of FPC
space that is 45 degrees off the floor. PV module
measuring 0.27 m 1.20 m with a 37 W output power
is inserted into the bottom of the FPC. The DC pump
can operate continuously for 24 hours on the daily
power output of (0.22 )kW h from the PV panels.
Each PVT-FPC was found to have a net thermal gain
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of 3.662 kW h per day. Tests were run with 50 kg,
100 kg, 150 kg, and 200 kg of water in the solar still
basin. Experiments showed that with only 50 kg of
water in the still basin, the production increased
significantly.

In Fig. 11, We can observe how a hybrid (PVT-FPC)
solar still does daily yield and efficiency calculations
in respect to the number of suns.

—+—Daily yield M,=50kg
25, —=—Daily efficiency m,=0.055kg/s -30

_ 204 .\ // 1% s
Z T t20 &
= 15 — 2
] Y 115 g
2. 104 s
5 +10 =
=
5. ls S

0 0

2 4 8 8 10
No of collectors

Fig. 11: Variation in efficiency and daily yield with
collection count [26].

collectors for a mass flow rate of 0.055 kg/s, or 50
kg of water. The daily output increases along with
the number of PVT-FPCs, but the, daily efficiency of
solar stills drops. Because more FPC means more
heat is lost to the environment, solar efficiency
continues to fall as FPC numbers rise. The findings
demonstrated that daily solar efficiency dropped by
as much as 40% when going from 2 to 10 FPCs for
the same amount of water. If the flow rate is 0.05
kilogrammes per second and the water mass is 50
kilogrammes, your daily yield will be 7.9 kg. It was
determined that 50 kg of water and 4 FPCs provide
the best performance from a hybrid active solar still.
Kumar [27] discusses how a hybrid (PVT) active
solar still is affected by factors including financial

60 -
50 4

&
=3

Efficiency (%)
w
=)

Apr May Jun Jul Aug Sep Oct Nov Dec Jam Feb Mar
Month of the year

OThermal efficiency of passive solar still

B Thermal efficiency of hybrid active solar still
OOverall thermal efficiency of hybrid active solar still
B Electrical efficiency

aid, tax reduction, price rises, and upkeep costs. For a
30-year Active Solar Still (ASS), he calculated an
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energy production factor of 5.9% and a life cycle
conversion efficiency of 14.5% (the latter being the
system's net energy productivity relative to the solar
energy input over the course of its lifetime). Output
of potable water by ASS costs 0.75 rupees per liter
and 0.85 rupees per kilowatt hour of electricity.

The yield and efficiency of a hybrid PVT-FPC solar
still are displayed against the number of collectors in
Fig. 11 for a water mass of 50 kg and a mass flow
rate of 0.055 kg/s. Although the daily efficiency of
the solar system continues to decline, the daily
production rises along with the number of PVT-
FPCs. As FPC numbers increase, solar efficiency
decreases because more heat is wasted to the
environment. The results showed that after switching
from 2 to 10 FPCs for the same volume of water, the
daily solar still efficiency decreased by as much as
40%. Your daily yield will be 7.9 kg if you have a 50
kilogramme water mass and a flow rate of (0.055)
kg/s.. It was determined that 50 kg of water and 4
FPCs provide the best performance from a hybrid
active solar still.

Kumar [27] discusses how financial assistance, tax
breaks, price increases, and maintenance expenses
can effect a hybrid (PVT) active solar still. He
calculated an energy production factor of 5.9% and a
life cycle conversion efficiency of 14.5% for a 30-
year Active Solar Still (ASS); the latter represents the
system's net energy productivity in relation to the
solar energy input over its lifetime. Production of
potable water by ASS costs 0.75 rupees per liter and
0.85 rupees per kilowatt hour of electricity.
Thermosiphon [29, 30] and force circulation [31-33]
are the two primary types. There are many parts that
make up a flat plate collector, such as the glass cover
[28, 34-36], absorber plate [37-39], air gap [40-43],
riser pipe [44-48], frame, and insulation [49-51].

Motor tank

4.2. Collector with an evacuated tube.
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With the help of a Super Heat Conduction Metal
Vacuum Tube, Abdallah et al. [52] analyzed the
efficiency of a solar still (SHCMV). Using a flat-
plate photovoltaic system allows for constant
operation. The proposed procedure for constructing a
solar still is depicted in Fig. 12. All of the energy
required by this system is produced by solar panels
on the roof .the following components: a heat-pipe, a
borosilicate glass tube, heat-collecting plates, a metal
cover, a heat-exchanging end, and an aluminum
safety-protection cap are the major components of a
SHCMV tube. The efficiency and effectiveness of
both the manufactured process solar still and the
traditional solar still were tested experimentally.

SHCMYV integrated solar stills produce 12 I/m2 /day,
while traditional solar stills produce just 1 I/m2 /day.
A vyield improvement of roughly 90% is expected
with the suggested technology

Fig. 12: Schematic representation of the key
elements of the built process [52].

The new cogeneration technology for producing fresh
water and power by incorporating PV module at solar
still collector was researched by Yari et al. [53]. In
this study, Using natural circulation, an Evacuated
Tube Collector (ETC) is connected to a still basin.,
and semitransparent photovoltaic modules are
installed above the solar still collector. As shown in
Fig. 13, the innovative cogeneration PV integrated
active solar still.

/ Solar radiation
[ Sun

N
W

Water flow protector (used
during off-shine hours) ~._

Semitransparent photovoltaic module

~ Water feed

| Water depth

Fig. 13: Schematic diagram of a solar still integrated
with ETC and semitransparent PV
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module [53].

The daily electrical power output at a water depth of
0.07 m for six different types of PV modules is seen
in Fig. 14. The results of these tests reveal that while
an increase in solar radiation has a favourable effect,
the temperature of the water in the basin and the
quantity of tubes have no bearing on the operating
temperature or electrical efficiency of the PV panels..
Maximum energy efficiency is 16.65% and
maximum exergy efficiency is 6.86% for the Hetero
junction utilising the Intrinsic Thin Layer (HIT)
module, which, by combining 10 ETC and
HIT(PV)modules, produces a maximum daily power

output of 483.2 wh/m2.
80 e HIT ==CIS =—dr=CdTe 600 4
e p-Si = m1-Si -=a-5i

483.2

e
=1

2069 2166
|183.4

]

Electrical power, (W/m?

0

a-5i CdTe CIS p-Si  msSi o HIT

Time of day (hrs) Types of PV module

(@) (b)

Fig.14: (a) six distinct PV modules with varying
electrical output and d = 0.07. (b) For a PV module,
a daily electricity supply [53].

Figure 15 depicts the system's daily fresh water yield
for varying numbers of ETC groupings and water
depths. It was determined that more tubes result in
more fresh water being produced. At( 30) ETC and a
basin depth of 7 cm, the maximum daily fresh
water yield was reported for PV integrated glass
cover at 4.77( kg/m2.day) and for conventional glass
cover at 5.89 kg/m2.day.
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5.89

5 4,7685

4 3.6837 3.8
3.0335

21361 2.3015

1.844

distillate yield (kg/m?.day)

Nc=10
d=0.03 m d=0.07m d=0.12m d=0.07 m d=0.07 m d=0.07 m d=0.03 m d=0.07m

Ne=10  Ne=10  Ne=15  Nc=20  Nc=30 (g), Ne=10 (g), Nc=30

number of evacuated tubes (Nc) and water depth (m)

Fig. 15: How much distillation there is produced per
day for various combinations of the number of
evacuated tubes and the depth of the water for an HIT
PV module [53].

4.3. New approaches

4.3.1. Desalination by concentrated
thermal/photovoltaic systems.

Al-Nimr et al. [54] have theoretically modelled a
distinct concentrated PV/T desalination system with
an internal condenser and evaporator constructed of
porous material. The technique suggested for PV/T
desalination is described as follows: The focused
solar intensity passes through the glass layer (A) and
around the tubular system (B) while the PV cell
produces power and rejects heat (Fig. 16). The heat
that the PV cell rejects causes the water in the porous
evaporator (C) to boil. When the vapour generated by
the condenser and evaporator is sent to a second
condenser, where the partial pressure between the
plates causes the vapour to condense, water droplets
are formed. Water droplets can move to a particular
facet of the condenser by sliding with the aid of a
little inclination provided when condensation occurs
on the inner surface of the condenser. Using the
thermosyphonic effect, cold water is pushed into the
still, where it warms and flows to the cold storage
tank, where its temperature is reduced and the cycle
is repeated.

solar
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O Water Vapor

6‘6
Pure Water

N 4

Fig. 16: Description of the PV/T system mechanism
[54].

4.3.2. At the bottom of the basin, there is a PV/T
cell attached.

The unique PV/T distillation system proposed by Al-
Nimr et al. [55] comprises of a (PV/T) cell positioned
at the basin's base that is paired with a solar basin stil.
, To be treated, submerged beneath water (Fig. 17). A
unique component of the system consists of fins
mounted beyond the side wall.; these fins serve as a
condenser. The setup of the innovative hybrid
( PVIT) distillation system is depicted in Fig. 17. In
addition to the revolutionary utilization of a PV/T
cell immersed in water and a finned condenser
located on the outside, The temperature of the water
and the rate of evaporation are both raised by
focusing solar radiation in the basin region with the
use of an internal reflector. The proposed solution has
the benefit of being both eco-friendly and
multifunctional. It recycles water by distilling it and
producing energy by means of PV/T cells. Water
vapor is swiftly extracted from the basin using a fan
installed above the water's surface, which then
propels the vapor into a condensing chamber. The
power from the submerged PV/T cell is used to run a
fan, which increases condensation during the day.
Because of this, the fan can run without an additional
power source, and condensation occurs more quickly.
The low pressure formed in the evaporation chamber
thanks to the flow of water vapor from the
evaporation chamber to the condensation chamber
increases the evaporation rate. In addition, the
temperature of the inner glass cover

(Fig. 17) is lowered by this procedure.
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4 (@ L Waterinlet.

2 9 2: Glass cover.
3: Saline water.
4: Black thin

transparent sheet.

5: PV/T cells layer.
6: Mirror.
7: Insulation layer.
8: Base of fins layer.
9: Fins.

_10: Water basin.

1) 12; Distilled water,
12: Solar radiation shield

ok 0

@
0%

Fig. 17: An illustration of the parts of the solar PV/T
distillation system [55].

4.4. Electrical heating

To create clean water in a sustainable manner, Ali-
Riahi et al. [56] conducted trials on a solar still
combined with an alternating current heater and a
photovoltaic module.

(@ Batteries box and Inverter

Fig. 18: Photograph of experimental setup[ 56].
Conventional solar still plus (PV) heater (CSSPVH)
daily fresh water production against conventional
solar still (CSS). It has been discovered that
(CSSPVH) can increase water productivity by a
factor of six compared to CSS. Daily yields for
(CSSPVH) and (CSS) are (5.7) and (0.9) kg/m2,
respectively.

The integration of a 500-watt hater with a double-
slope solar still is the focus of this study's research.
There are six PV modules used to generate 1.5
kilowatts of power, and these are connected to four
batteries that are each capable of holding 150 ah of
power. (Fig. 18) By combining an AC heater and PV
module, this system is superior because it can provide
potable water in low-solar-radiation environments.

5. Ambient and operational factors
The effectiveness of a solar still as a distillation
device is affected by both the weather and the way it
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is being used. Climate conditions primarily consist of
temperature, the speed of the wind, and the strength
of the sun , while operating conditions include cover
angle, coating substance, and basin placement, brine
depth, brine temperature difference from glass cover,
insulation of solar still, etc. Because higher sun
intensity causes brine to heat up, facilitating
evaporation, its productivity improves with
increasing solar intensity [57]. Thus, A cover might
completely absorb sun light if it was angled at an
angle equal to the local latitude. boosting output [58].
The coating of the basin also helps absorb solar
energy, and certain materials can double as heat
storage media, which is great for boosting output
[60,59]. Black gravel with a size between 20 and 30
mm increased output by 19%, as shown by Nafey et
al. [61]. Different researchers have reached different
conclusions on the impact of environmental
influences. It was reported by Voropoulos et al. [62]
and disputed by Badran [63], who found that cooler
temperatures helped boost productivity. In contrast to
the claims of Badran [35] and El-Sebaii [64],
discovered that productivity rose as wind speed rose,
Nafey et al. Possible explanations for these variations
include a larger rate of heat loss to the outside and a
greater temperature difference between the brine and
the glass cover. when the ambient temperature is
lower or the wind speed is higher. Productivity is
boosted by the former, but hindered by the latter.
High production is guaranteed when there is only a
thin layer of brine [57,65-67]. The heat capacity of a
thin coating of brine is low, hence the brine
evaporates quickly when the temperature rises.

Productivity was found to be 5.2 kg/m2 /d at a brine
depth of _2 cm, and 4.5 kg/m2 /d at a brine depth of
_8.cm, as reported by Nafey et al. [57]. Aybar et al.
[69], who employed a slanted solar water distillation
system, confirmed the findings of Tabrizi et al. [68]
about the weir type cascade solar still, discovering
that increased productivity was achieved with a
reduced input water flow rate.

The temperature difference between the water in the
still and the glass cover is crucial for distilling water.
At temperatures over 37.C, more than 50% of the
solar energy that enters the still contributes to the
evaporation of brine [70]. A higher thebrine
temperature than the glass cover creates a more
productive environment [71-75]. With a temperature
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difference of 6.C, productivity was (0.1) kg/m2/h,
and with a difference of 11.C, it was 0.85 kg/m2/h.
Productivity was 0.8 kg/m2/h when the brine
temperature was 70°C, while it was only 0.1
kg/m2/h when the temperature was 30°C [71]. Also
crucial to a solar still are the insulating material and
thickness [76,77-78]. According to Al-Karaghouli
and Alnaser [52], the average daily production for the
month of June in a non -insulated still was 2.46
kg/m2 /d, whereas the average daily production for
an insulated still was 2.84 kg/m2 /d. Insulation,
according to Khalifa and Hamood [78], can boost
output by as much as 80%.

6. Improving the performance of the solar still
6.1. Solar still withPhase change materials ( PCMs)
as a Thermal energy storage materials ( TESM).
Utilizing a TESM increased the production of a
solar still [79]. It is in the solar still trays that you will
find the TESM. In order to increase the efficiency
of the heat transfer from the oil and wax to the water
in the basin and to store heat energy throughout the
day for later release at night, aluminium turnings
were added to the paraffin oil and wax combination.
In this way, the old amalgam served as a distinct
category of PCMs[101]. Using a saline water supply
flow rate of 0.40 L/min, maximum productivity of
0.851 L/m2 h was achieved. The addition of two
hours of nighttime experimentation also resulted in
an increase in hourly output of more than 0.05 L/ m2
h.
Summer and winter theoretical models for enhancing
the solar still with and without PCM beneath the
basin were created by El-Sebaii [80]. At various brine
depths, the authors analysed how the amount of PCM
affected daily, hourly, and overall output as well as
the efficiency of the solar still. Based on the data
presented, it was determined that the solar still
produced around 9 litres per square metre per day
(L/m2/d) and had an efficiency of around 85.3% with
pure chloroform (PCM) during the day.
When using the solar still without the PCM, however,
productivity dropped to around 5 L/m2 d. For
shallower brine water levels on colder days, the solar
still supplemented with PCM is more efficient.
Using PCMs (paraffin wax) as a heat storage
medium, Kabeel and Abdelgaied [81] increased the
efficiency of a solar still and the production of fresh
water. For this reason, we built two identical solar
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stills and compared their performance with and
without the use of PCMs. First is conventional solar
still (CSS), and the other is a customised version of a
CSS (CSS with PCMs). According to the results of
the experiments, the productivity of the solar still
was increased by 67.18% when PCMs were used, as
the yield of freshwater was 7.54 L/m2 with PCMs
and 4.51 L/m2 without them. In addition, the price of
one litre of freshwater with PCMs was about $0.24
and the price without PCMs was about $0.252.

6.2. Sponge cubes used as a Thermal energy
storage materials in a solar still ( TESMs)

The impact of sponge cubes on solar still
performance was studied by Abu-Hijleh and
Rababa'h [82]. Sponge cubes significantly increased
the surface area, which in turn enhanced the
evaporation rate. When compared to standard solar
stills, the output is increased by around 273% when
sponge cubes are kept in the basin conventional solar
still (CSS).

Cotton, jute , cloth, porous materials, and a sponge
sheet were some of the many materials Murugavel et
al. [83] tested in solar stills. According to the
findings, black cotton fabric produces the best
outcomes. To continue producing drinkable water
long after sundown, El-Sebaii et al. [84] put a thin
layer of a storage material beneath the basin plate of
an active solar still and studied its performance.

6.3. A solar still using pebbles and sand as a
Thermal energy storage materials (TESM).

It was studied by Nafey et al. [85] how adding black
pebbles and black rubber to a solar still affected
production. They tested the solar still's distillation
efficiency using black gravel of varying sizes (from
7 to 30 mm) and black rubber of varying thicknesses
(from 2 to 10 mm) utilising brine quantities (from 20
to 60 L/m2). Using black rubber with a thickness of
10 millimetres and a brine volume of 60 litres per
square metre enhanced production by 20 percent. To
some extent, this is because black rubber has a poorer
thermal conductivity than black gravel, allowing it to
collect and release solar energy at a slower rate.
Using black gravel with a size range of 20-30 mm
also boosted productivity by 19% at a brine volume
of 20 L/m2. This is because huge gravel sizes have
the potential to absorb a lot of solar energy, making
them ideal for this use case. A passive solar still with
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a free-floating absorber was the subject of El-
[86][87] Bialy's experimental research. Two solar
stills, one with and one without a floating absorber,
were developed and built for this purpose. Two types
of solar stills exist, the first being the conventional
solar still (CSS) and the second being the customised
still (CSS with floating absorber). The effect of water
content and absorber plate type on SS performance
was also studied. As seen in the findings, the
adjustment yields substantial gains in output. Copper,
stainless steel, aluminium, and mica were all used as
good materials for increasing SS productivity by
17.2%, 15.2%, 20.1%, and 42.2.1%, respectively,
thanks to the employment of floating absorbers

6.4. Solar still with aluminum filling as Thermal
energy storage materials (TESM).

To improve results, Abdullah [88] conducted an
experimental study of active stepwise SS that
included an air warmer and TESM (aluminium
filling). The results showed that compared to CSS,
stepped SS integrated with TES increased freshwater
productivity by 53%, while stepped SS integrated
with air heater and film cooling increased freshwater
productivity by 112%. In addition, the daily
efficiency for glass cooling, hot air, and TESM are
59%, 52%, and 55%, respectively, whereas the
efficiency for CSS and stepped SS without any
adjustments is around 34% and 48%;
respectively[89].

Conclusion

In this study, we take a look at both traditional and
innovative solar still designs. This review seeks to
comprehend solar stills, the many varieties of which
have already been the subject of extensive scholarly
investigation. Future research is necessary for the
commercially viable production of significant
quantities of freshwater as solar still development
continues. More study in this area will allow
engineers to create a more efficient, high-
performance ideal design. Passive solar stills are
well-known for their inexpensive production and
water-production  costs as well as their
straightforward design. However, their efficiency and
productivity are lower. Thus, it has not been fully
commercialized. The aforementioned issue has
prompted the development of a plethora of active
solar stills. For better evaporation and output, this
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setup uses an external source of thermal energy. In
order to improve solar stills' designs and performance
parameters, further research and tests are needed. As
a species, we must ensure that this tool is both cost-
effective and gentle on Earth. Enhancing the
efficiency and output of solar stills requires a
methodical investigation into their performance
parameters[90]. The following inferences can be
made from the preceding discussion: The availability
of solar radiation is crucial for the generation of fresh
water from a solar still and electrical energy from a
PV panel. While higher wind speeds are beneficial
for solar stills and PV panels, they can have a
negative impact at the maximum speeds. Increasing
the panel's temperature has a detrimental effect on its
ability to produce electricity [89][100].

References

[1] O. K. Ahmed and Z. A. Mohammed, “Influence
of porous media on the performance of hybrid
PV/Thermal collector,” Renew. Energy, vol. 112, pp.
378-387, 2017.

[2] A. A. Abed, O. K. Ahmed, M. M. Weis, and K. I.
Hamada, ‘“Performance augmentation of a
PV/Trombe wall using AI203/Water nano-fluid: An
experimental investigation,” Renew. Energy, vol.
157, pp. 515-529, 2020, doi:

[3] http://eponline.com/Forms/Search-
Results.aspx?query=desalination&collection=EP_W.
[4] Gaur MK, Tiwari GN. Optimization of number of
collectors for integrated PV/T hybrid active solar
still. Appl Energy 2010;87:1763-72.

[5] Kumar S, Tiwari GN. Life cycle cost analysis of
single slope hybrid (PV/T) active solar still. Appl
Energy 2009;86:1995-2004.

[6] Kabeel AE, EI-Agouz SA. Review of researches
and developments on solar stills. Desalination
2011;276:1-12.

[7] Velmurugana V, Srithar K. Performance analysis
of solar stills based on various factors affecting the
productivity — a review. Renew Sustain Energy Rev
2011;15:1294-304.

[8] Kaushal A, Varun. Solar stills: a review. Renew
Sustain Energy Rev 2010;14:446-53.

[9] Sampathkumar K, Arjunan TV, Pitchandi P,
Senthilkumar P. Active solar distillation — a detailed
review. Renew Sustain Energy Rev 2010;14:1503—
26.

[10] Singh SK, Bhatnagar VP, Tiwari GN. Design
parameters for concentrator assisted solar distillation
system. Energy Convers Manag 1996;37(2):247-52.
[11] AL- Hayek, Badran O. The effect of using
different designs of solar still in water distillation.
Desalination 2004;169:121-7.

108

[12] Muftah, A. F., Alghoul, M. A., Fudholi, A.,
Abdul-Majeed, M. M., & Sopian, K. (2014). Factors
affecting basin type solar still productivity: A
detailed review. Renewable and Sustainable Energy
Reviews,32,430-447.
https://doi.org/10.1016/j.rser.2013.12.052

[13] Kamal W. A theoretical and experimental study
of the basin-type solar still under the arabian gulf
climatic conditions. Sol Wind Technol 1988;5
(2):147-57.

[14] Rahbar N, Esfahani JA. Experimental study of a
novel portable solar still by

utilizing the heat pipe and thermoelectric module.
Desalination 2012;284: 55-61.

[15] Hanane Aburideh, Adel Deliou, Brahim Abbad,
Fatma Alaoui, Djilali Tassalit, Zahia Tigrine. An
experimental study of a solar still: application on the
sea water desalination of Fouka. Proced Eng
2012;33:475-84.

[16] Kaushal A, Varun. Solar stills: A review. Renew
Sustain Energy Rev 2010;14:446-53.
https://doi.org/10.1016/j.rser.2009.05.011.

[17] Chaibi MT. An overview of solar desalination
for domestic and agriculture water needs in remote
arid areas. Desalination 2000;127:119-33.
https://doi.org/10.1016/S0011-9164(99)00197-6.

[18] Zarasvand Asadi R, Suja F, Ruslan MH, Jalil
NA. The application of a solar still in domestic and
industrial ~ wastewater treatment. Sol  Energy
2013;93:63-71.
https://doi.org/10.1016/j.solener.2013.03.024.

[19] Sampathkumar K, Arjunan T V., Pitchandi P,
Senthilkumar P. Active solar distillation-A detailed
review. Renew Sustain Energy Rev 2010;14:1503—
26. https://doi.org/10.1016/j.rser.2010.01.023.

[20] Velmurugan V, Naveen Kumar KJ, Noorul Hag
T, Srithar K. Performance analysis in stepped solar
still for effluent desalination. Energy 2009;34:1179-
86.

https://doi.org/10.1016/j.energy.2009.04.029.

[21] Rajaseenivasan T, Murugavel KK, Elango T,
Hansen RS. A review of different methods to
enhance

the productivity of the multi-effect solar still. Renew
Sustain Energy Rev 2013;17:248-59.
https://doi.org/10.1016/j.rser.2012.09.035.

[22] Khan, M. Z., Islamia, J. M., & Nagar, J. (2016).
Optimization of Single Slope Solar Still Geometry for
Maximum Collected Solar Radiation. 45-50.

[23] Shiv Kumar, G.N. Tiwari, Estimation of internal
heat transfer coefficients of a hybrid (PV/

T) active solar still, Sol. Energy 83 (2009) 1656-
1667.

[24] Rahul Dev, G.N. Tiwari, Characteristic equation
of a hybrid (PV-T) active solar still,

Desalination 254 (2010) 126-137.



https://doi.org/10.1016/j.solener.2013.03.024
https://doi.org/10.1016/j.rser.2012.09.035

Maryam A. Jasim et al. /NTU Journal of Renewable Energy (2023) 4 (1): 97 — 111

[25] Shiv Kumar, Arvind Tiwari, Design, fabrication
and performance of a hybrid photovoltaic/

thermal (PV/T) active solar still, Energy Convers.
Manag. 51 (2010) 1219-1229.

[26] M.K. Gaur, G.N. Tiwari, Optimization of
number of collectors for integrated PV/T hybrid
active solar still, Appl. Energy 87 (2010) 1763-1772.
[27] Shiv Kumar, Thermal-economic analysis of a
hybrid photovoltaic thermal (PVT) active

solar distillation system: role of carbon credit, Urban
Climate 5 (2013) 112-124.

[28] M. Morad, H. A. El-Maghawry, and K. I. Wasfy,
“Improving the double slope solar still performance by
using flat-plate solar collector and cooling glass cover,”
Desalination, vol. 373, pp. 1-9, 2015.

[29] M. Eltaweel, A. A. Abdel-Rehim, and H.
Hussien, “Indirect thermosiphon flat-plate solar
collector performance based on twisted tube design
heat exchanger filled with nanofluid,”

International Journal of Energy Research, vol. 44, no.
6, pp. 4269-4278, 2020.

[30] Y. Amirgaliyev, M. Kunelbayev, T. Ormanov,
T. Sundetov, and S. Daulbayev, “Experimental
comparative analysis of operating characteristics of
double circuit flat-plate solar collector with
thermosiphon circulation and flat solar collector with
chemical coating,” Thermal Science, vol. 26, pp.
173-173, 2021.

[31] K. Balaji, S. Iniyan, and M. V. Swami, “Exergy,
economic and environmental analysis of forced
circulation flat plate solar collector using heat transfer
enhancer in riser tube,” Journal of Cleaner
Production, vol. 171, pp. 1118-1127, 2018.

[32] K. Balaji, S. Iniyan, and V. Muthusamyswami,
“Experimental investigation on heat transfer and
pumping power of forced circulation flat plate solar
collector using heat transfer enhancer in absorber
tube,” Applied Thermal Engineering, vol. 112, pp.
237-247, 2017.

[33] H. Garg and R. Agarwal, “Some aspects of a
PVIT collector/- forced circulation flat plate solar
water heater with solar cells,” Energy Conversion
and Management, vol. 36, no. 2, pp. 87-99, 1995.
[34] S. Kumar and S. Mullick, “Glass cover
temperature and top heat loss coefficient of a single
glazed flat plate collector with nearly vertical
configuration,” Ain Shams Engineering Journal, vol.
3, no. 3, pp. 299-304, 2012.

[35] M. Khoukhi and S. Maruyama, “Theoretical
approach of a flatplate solar collector taking into
account the absorption and emission within glass
cover layer,” Solar Energy, vol. 80, no. 7, pp. 787—
794, 2006.

[36] M. Khoukhi, S. Maruyama, A. Komiya, and M.
Behnia, “Flatplate solar collector performance with
coated and uncoated glass cover,” Heat Transfer
Engineering, vol. 27, no. 1, pp. 46-53, 2006.

109

[37] S. A. Sakhaei and M. S. Valipour, “Investigation
on the effect of different coated absorber plates on the
thermal efficiency of the flat-plate solar collector,”
Journal of Thermal Analysis and Calorimetry, vol.
140, no. 3, pp. 1597-1610, 2020.

[38] G. Jilani and C. Thomas, “Effect of thermo-
geometric parameters on entropy generation in
absorber plate fin of a solar flat plate collector,”
Energy, vol. 70, pp. 35-42, 2014.

[39] B. Kundu and K.-S. Lee, “Fourier and non-
Fourier heat conduction analysis in the absorber
plates of a flat-plate solar collector,” Solar Energy,
vol. 86, no. 10, pp. 3030-3039, 2012.

[40] A. Subiantoro and K. T. Ooi, “Analytical models
for the computation and optimization of single and
double glazing flat

plate solar collectors with normal and small air gap
spacing,” Applied Energy, vol. 104, pp. 392-399,
2013.

[41] R. Eismann, “Accurate analytical modeling of
flat plate solar

collectors: extended correlation for convective heat
loss across the air gap between absorber and cover
plate,” Solar Energy, vol. 122, pp. 1214-1224, 2015.
[42] N. Nahar and M. P. Gupta, “Studies on gap
spacing between absorber and cover glazing in flat
plate solar collectors,” International Journal of
Energy Research, vol. 13, no. 6, pp. 727— 732, 1989.
[43] N. Nahar and H. Garg, “Free convection and
shading due to gap spacing between an absorber plate
and the cover glazing in solar energy flat-plate
collectors,” Applied Energy, vol. 7, no. 1-3, pp. 129-
145, 1980.

[44] K. Farhana, A. Mahamude, K. Kadirgama, M.
Rahman, M. Noor, and D. Ramasamy, “Internal
energy analysis with nanofluids in header and riser
tube of flat plate solar collector by CFD modelling,”
IOP Conference Series: Materials Science and
Engineering, vol. 469, 2019.

[45] D. Zhang, H. Tao, M. Wang, Z. Sun, and C.
Jiang, “Numerical simulation investigation on
thermal performance of heat pipe flat- plate solar
collector,” Applied Thermal Engineering, vol. 118,
pp. 113-126, 2017.

[46] L. Wei, D. Yuan, D. Tang, and B. Wu, “A study
on a flat-plate type of solar heat collector with an
integrated heat pipe,” Solar Energy, vol. 97, pp. 19—
25, 2013.

[47] Y. Deng, Y. Zhao, W. Wang, Z. Quan, L. Wang,
and D. Yu, “Experimental investigation of
performance for the novel flat plate solar collector
with micro-channel heat pipe array (MHPA-FPC),”
Applied Thermal Engineering, vol. 54, no. 2, pp.
440-449, 2013.

[48] S. Jack, J. Parzefall, T. Luttmann, P. Janf3en, and
F. Giovannetti, “Flat plate aluminum heat pipe
collector ~ with inherently limited stagnation



Maryam A. Jasim et al. /NTU Journal of Renewable Energy (2023) 4 (1): 97 — 111

temperature,” Energy Procedia, vol. 48, pp. 105-113,
2014,

[49] Z. Chen, M. Gu, and D. Peng, “Heat transfer
performance analysis of a solar flat-plate collector
with an integrated metal foam porous structure filled
with paraffin,” Applied Thermal Engineering, vol. 30,
no. 14-15, pp. 1967-1973, 2010.

[50] L. Zhou, Y. Wang, and Q. Huang, “CFD
investigation of a new flat plate collector with
additional front side transparent insulation for use in
cold regions,” Renewable Energy, vol. 138, pp. 754—
763, 2019.

[51] H. Kessentini, J. Castro, R. Capdevila, and A.
Oliva, “Development of flat plate collector with
plastic ~ transparent insulation and low-cost
overheating protection system,” Applied Energy, vol.
133, pp. 206-223, 2014,

[52] S. Abdallah, M.M. Abu-Khader, O. Badran,
Performance evaluation of solar distillation

using vacuum tube coupled with photovoltaic system,
Applied Solar Energy 45 (3) (2009)

176-180.

[53] M. Yari, A.E. Mazareh, A.S. Mehr, A novel
cogeneration system for sustainable water and

power production by integration of a solar still and
PV module, Desalination 398 (2016)

1-11.

[54] Moh'd A. Al-Nimr, Moh'd-Eslam Dahdolan,
Modeling of a novel concentrated PV/T

distillation system enhanced with a porous evaporator
and an internal condenser, Sol.

Energy 120 (2015) 593-602.

[55] Moh'd A. AIl-Nimr, Wahib A. Al-Ammari, A
novel hybrid PV-distillation system, Sol.

Energy 135 (2016) 874-883.

[56] Ali Riahi, Khamaruzaman Wan Yusof, Balbir
Singh Mahinder Singh, Mohamed

Hasnain Isa, Emmanuel Olisa, Noor Atieya Munni
Zahari, Sustainable potable water

production using a solar still with photovoltaic
modules-AC heater, Desalin. Water Treat.

(2015),
http://dx.doi.org/10.1080/19443994.2015.1070285.
[57] Nafey AS, Abdelkader M, Abdelmotalip A,
Mabrouk AA. Parameters affecting

solar still productivity. Energy Convers Manage
2000;4:1797-809.

[58] Singw AK, Tiwari GN, Sharma PB, Khan E.
Optimization of orientation for higher yield of solar
still for a given location. Energy Convers Manage
1995;36:175-87.

[59] Madani AA, Zaki GM. Yield of solar stills with
porous basins. Appl Energy 1995;53:273-81.

[60] Murugavel KK, Sivakumar S, Ahamed JR,
Chockalingam KKSK, Srithar K. Single

basin double slope solar still with minimum basin
depth and energy storing

110

materials. Appl Energy 2010;87:514-23.

[61] Nafey AS, Abdelkader M, Abdelmotalip A,
Mabrouk AA. Solar still productivity
enhancement. Energy Convers
2001;42:1401-8.

[62] Voropoulos K, Mathioulakis E, Belessiotis V.
Experimental investigation of the

behavior of a solar still coupled with hot water
storage tank. Desalination
2003;156:315-22.

[63] Badran OO. Experimental
enhancement parameters on a single
slope solar still  productivity.
2007;209:136-43.

[64] El-Sebaii AA. Effect of wind speed on active
and passive solar stills. Energy

Convers Manage 2004;45:1187-204.

[65] Tripathi R, Tiwari GN. Effect of water depth on
internal heat and mass transfer

for  active solar  distillation.
2005;173:187-200.

[66] Tripathi R, Tiwari GN. Thermal modeling of
passive and active solar stills for

different depths of water by using the concept of
solar fraction. Sol Energy

2006;80:956-67.

[67] Phadatare MK, Verma SK. Influence of water
depth on internal heat and mass

Manage

study of the

Desalination

Desalination

transfer in a plastic solar still. Desalination
2007;217:267-75.
[68] Tabrizi FF, Dashtban M, Moghaddam H,

Razzaghi K. Effect of water flow rate on

internal heat and mass transfer and daily productivity
of a weir-type cascade

solar still. Desalination 2010;160:239-47.

[69] Aybar H, Egeliofglu F, Atikol U. An
experimental study on an inclined solar
water distillation system. Desalination

2005;180:285-9.

[70] Al-Ismaily HA, Probert SD. Solar-desalination
prospects for the sultanate

Oman. Appl Energy 1995;52:341-68.

[71] Rubioa E, Porta MA, Fernandez JL. Cavity
geometry influence on mass flow rate

for single and double slope solar stills. Appl Therm
Eng 2000;20:1105-11.

[72] Shukla SK, Sorayan VPS. Thermal modeling of
solar stills: an experimental

validation. Renew Energy 2005;30:683-99.

[73] Tripathi R, Tiwari GN. Performance evaluation
of a solar still by using the

concept of solar fractionation.
2004;169:69-80.

[74] Setoodeh N, Rahimi R, Ameri A. Modeling and
determination of heat transfer

coefficient in a basin solar still using CFD.
Desalination 2011;268:103-10.

Desalination


http://dx.doi.org/10.1080/19443994.2015.1070285

Maryam A. Jasim et al. /NTU Journal of Renewable Energy (2023) 4 (1): 97 — 111

[75] Tchinda R, Kaptouom E, Njomo D. Heat and
mass transfer processes in a solar

still with an indirect evaporator—condenser. Energy
Convers Manage

1999;41:93-107.

[76] Al-Karaghouli AA, Alnaser WE. Performances
of single and double basin solarstills.

Appl Energy 2004;78:347-54.

[77] Mohamad MA, Soliman SH, Abdel-Salam MS,
Hussein HMS. Experimental and

financial investigation of asymmetrical solar stills
with different insulation.

Appl Energy 1995;52:265-71.

[78] Khalifa AJN, Hamood AM. Effect of insulation
thickness on the productivity of

basin type solar stills: an experimental verification
under local climate. Energy Convers Manage
2009;50:2457-61.

[79] M.M. Naim, M.A. Abd ElI Kawi, Non-
conventional solar stills Part 2. Non-conventional
solar stills with energy storage element, Desalination,
153 (2003) 71-80.

[80] A.A. El-Sebaii, A.A. Al-Ghamdi, F.S. Al-
Hazmi, A.S. Faidah, Thermal performance of a single
basin solar still with PCM as a storage medium,
Appl. Energ., 86 (2009) 1187-1195.

[81] A.E. Kabeel, M. Abdelgaied, Improving the
performance of solar still by using PCM as a thermal

storage medium under Egyptian conditions,
Desalination, 383 (2016) 22-28.
[82] B.AK. Abu-Hijleh, HM. Rababa’h,

Experimental study of a solar still with sponge cubes
in basin, Energ. Convers. Manage., 44 (2003) 1411
1418.

[83] K. Kalidasa Murugavel, K.K.S.K.
Chockalingam, K. Srithar, An experimental study on
single basin double slope simulation solar still with
thin layer of water in the basin, Desalination, 220
(2008) 687-693.

[84] A.A. El-Sebaii, S.J. Yaghmour, F.S. Al-Hazmi,
A.S. Faidah, F.M. Al-Marzouki, A.A. Al-Ghamdi,
Active single basin solar still with a sensible storage
medium, Desalination, 249 (2009) 699-706.

[85] A.S. Nafey, M. Abdelkader, A. Abdelmotalip,
A.A. Mabrouk, Solar still productivity enhancement,
Energ. Convers. Manage., 42 (2001) 1401-1408.

[86] E. El-Bialy, Performance analysis for passive
single slope single basin solar distiller with a floating
absorber — An experimental study, Energy, 68 (2014)
117-124.

[87] O. K. Ahmed, S. Algburi, Z. H. Ali, A. K.
Ahmed, and H. N. Shubat, “Hybrid solar chimneys :
A comprehensive review,” Energy Reports, vol. 8,
pp. 438-460, 2022, doi: 10.1016/j.egyr.2021.12.007.
[88] A.S. Abdullah, Improving the performance of
stepped solar still, Desalination, 319 (2013) 60-65.

111

[89]0. K. Ahmed and S. M. Bawa, “The combined
effect of nanofluid and reflective

mirrors on the performance of photovoltaic/thermal
solar collector,” Therm. Sci.,

vol. 23, no. 2 Part A, pp. 573-587, 2019.

[90] Gao CJ, Chen GH. Handbook for desalination
technology and engineering. China: Chemical
Industry Press; 2004. p. 1

[100] He ZN. Solar thermal utilization. China: Press
of University of Science and Technology of China;
2009. p. 404, 48-52.

[101] M. M. Ali, O. K. Ahmed, and E. F. Abbas,
“Performance of solar pond integrated with
photovoltaic/thermal collectors,” Energy Reports,
vol. 6, pp.3200-3211, 2020, doi:
10.1016/j.egyr.2020.11.037.



