SiO,/TiO5 nanolayer synergistically trigger thermal absorption
inflammatory responses materials for performance improvement of stepped
basin solar still natural distiller
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Introduction

ABSTRACT

In the present work, a study on stepped basin solar still (SBSS) coated with energetic SiO5/TiO2 nanolayers is
analyzed experimentally for its advanced and challenging properties for the proposed system. Different thermal
conductivity (TC) potential by applying different coating ratios between 10% and 50% has been investigated and
applied on the stepped basin to enhance thermal performance. An essential parameter of the system is the ab-
sorption of solar rays that helps to improve the stepped basin temperature and improves the evaporation process.
The experimental results indicated that the SBSS represents an elaborate structure that is very competitive and
considered a natural technique to distillate the water. The optimized ratio of SiO»/TiO5 nanolayers is detected for
a ratio of 30%, which leads to a maximum improvement of evaporation in the basin area from the SBSS. The
maximum thermal efficiency using SiO5/TiO2 nanolayers on the SBSS can reach about 40.241%. Additionally,
herbal extracts in the SBSS enhanced the basins’ temperature and helped to produce high-quality purified water.
Natural distillate water can use to tackle society, which is needed for low price water production.

been done to augment the performance of solar stills such as using of
curved and corrugated liners [6],corrugated absorber plate [7], coated
basin with nanolayer [8], and using of nanofluids [9]. Elaziz et al. [10]
have studied solar stills using nanoparticles by implementing an

Solar energy is an alternative for fossil fuel and effectively transforms
photons into electricity for fuel and heat[1]. Fig. 1 is a vision for good
quality drinking water processes for entertaining determinations based
on several researchers’ studies.Solar stills have been extensively inves-
tigated as simple low-cost desalination systems [2-4]. Researchers have
developed the solar still and done its modification that is shown in Fig. 2.
However, they suffer from low productivity [5]. Many attempts have
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advanced functional network called Ensemble Random Vector Func-
tional Link Networks (EnsRVFL). The Cuy0/Al;Osnanoparticles have
been used in active solar still with a performance of about 140% (Cu0)/
100% (Al203),and the found overall thermal efficiency of the system was
to be 36.02% (Cuy0) and 32.82% (Al,03).The coefficient of determi-
nation (R%) ranges 0.942-0.978 for Random Vector Functional Link
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Nomenclature

kg the conductivity of the dispersion
ke the conductivity of the particles

ki the conductivity of the fluid

by the volume fraction of the particles

SBSS Stepped basin Solar Still

KLEF Koneru Lakshmaiah Education Foundation
SBT Stepped basin temperature

CSS Conventional solar still

TC Thermal Conductivity

Potable
water

efficiency by 49.21% byusing 30% nanoparticles of SiO5/TiO.Overall
performance on SBSS was to be 61.14%. Shanmugan et al. [17]modified
solar still using a mixture of TiO, nanoparticles. The thermal efficiency
by this design was 57.16% in seasonal then 36.69% in wintertime. A
model as per day yield was 5.39 L wintertime than 7.89 L seasonal. Adil
et al. [18]have analyzed the GRO nanocomposites (ZrOx-MnCOs/gra-
phene oxide) corrosion alcohol using molecular oxygen. Ajay Kumar et
al. [19]have developed Mn with mesoporous titanium dioxide particles
and used the hydrothermal process of impregnation. Ibrahimet al [20]
have studied fluidcrystal-like (LC) p-n-propoxy benzoic acid (3oba).
Kamakshi et al.[21]analyzed different concentrations on nickel doped
Fe304 (NiFe304) NPs and focused on five (0.5%, 1.0 %, 1.5 %, 2 %, 2.5
%) concentration of NF1, NF2, NF3, NF4, NF5.

Kedar et al. [22]also examined an experiment for design (solar
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Fig. 1. Presents various strategy for water production.

(RVFL)and 0.982-0.991 for EnsRVFL. The proposed model showed
excellent accuracy compared with other modes in literature [11].
Abdullah et al. [12]have developed corrugated absorbertrays solar still
(CTSS). They analyzed in wick materials, internal mirrors, nano-
enhanced PCM, and PV-powered heaters performance design. It con-
culcated that per day mass output of CTSS by 180% over the con-
servativedesign. Panchal et al.[13]tried toboostdesignby Manganese
Oxide (MNO,) nanoparticles. The ratio of MNOy was studied with
different weight concentrations about 20% to 50%. It is also observed
that solar cooker technology is clean, efficient with a wide variety, and
will help in possible pollution degradation [14]. Since the amount of
solar box cookers is fixed, many scientists are developing efficient solar
cooking systems [15].

Mohandass Gandhi et al. [16] have enhanced stepped solar still using
furious SiOy/TiO, nanolayers. They discussed adaptive controller,
OSELM, and temperature value analysis of active double sapling infor-
mation construction and recollection storage. The design has improved

desalination) by an evacuated tube collector. Various parameters were
analyzed to absorb energyin hard and soft water that provided 27-28 L
of flowing water per day. Suresh and Shanmugan [23]have proposed a
designbased on solar still utilized absorbing materials. They discussed
24 h yield of a system and delivered about9.429 kg m~2 day~!.Suresh
et al.[24]have measured the warm execution of solar still design. The
general proficiency wasutilizedat 45% by nano-black paint expands the
thermal energy to about 66 °C. Zanganeh et al. [25]also developed single
slope solar still. They utilized the condensation surface covered in
nanomaterials. The design was increased in thermal performance, then
more condensation development of the system.Abdullah et al[26]
considered an interior reflector on the plate’s distiller execution. They
developed thermal performance by the system around 51.5% and
related per 35% in normal design.

Model of design based on basin type solar still hasbeen established
byShanmugan et al. [27], which have utilized as Al,03-PCM.They
overall concluded that thermal efficiency was 59.14% in summer and
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Fig. 3. Analysis of SEM in SiO,/TiO, nanolayer.

Fig. 4. Experimental step up for the Soxhlet Extraction Process of Leaf.

27.13% in winter. Agrawal et al. [28]have analyzed the theoretical and
experimental consequences gained by basin-type solar still.The design
maintained that basin water depths with efficiency were 52.83% and
41.75%. The CuO coveredobservationsby PVA luffas by a solar sink still
was introduced by Arunkumar et al. [29]. CuO nanoparticles synthe-
sized andutilized in thermal evaporation technique, then coated

absorber plates improved heat energy of the design overall thermal ef-
ficiency by 26% production.Ravindran et al [30]proposed silver nano-
particles by using Tridax procumbens leaf extract. The cost active and
time conserving was the biosynthesis of silver nanoparticles with leaf
extract of Tridax procumbens concluded that wound healing activity in
fish. It is improved the epithelialization compared to that of silver ni-
trate used in leaf extracts of Tridax procumbens.Hekmati et al.[31]
investigated the green synthesis of silver nanoparticles by extracts of
Allium rotundum, Falcaria Vulgaris Bernh, and Ferulago angulate Boiss.
The result synthesized silver nanoparticles in the MIC of the mixture of
plant extracts. They presented the biosynthesized silver nanoparticles
and were an antibacterial effect on both P. aeruginosa and S. aureus.
Vanshika et al.[32]aimed at silver nanoparticles (AgNPs) using Polygo-
natum graminifolium leaf extract. The sunlight referred to green syn-
thesized AgNPs was expressed in a stable. It is efficient that of
antibacterial activities against Staphylococcus aureus and Escherichia
coli.

However, solar energy plays an important role in power generation
and proves a promising technology that can sustain longer [33-35].The
solar desalination is only limited to data about SiO,/TiO5 nanoparticles
to increase production. Present studies of solar still have been incorpo-
rating nanotechnologies superior thermal performance. SiO2/TiO2
nanoparticle coated in basin surface was improved and achieved in a
different ratio around 10%, 20%, 30%, 40%, 50% by design. The use of
nanoparticles by SBSS improves thermal performance and obtains the
best cost compared to previous designs. The SBSS has been proved good
in nature water production.

Materials & methods
SiO2/TiOgz synthesis part

SiO9/TiOznanoparticles coating is a thermal application production
as a strategy to develop the efficiency of the novel materials. As a TiO5
sol making, titanium Iso-prop oxide (97%, Laxmi scientistic company,
Chennai, India) has been added dropwise into an organic solvent (iso-
propyl alcohol, 99%, Laxmi scientistic company), earlier stirred below
an inert nitrogen atmosphere for 5 min. Hielscher Ultrasound Technol-
ogy UP200Ht (sonotrode equipment) used as a synthesis of SiOj is
working at 100% cavitation and 20% amplitude. The distillate water
about five molar relation is used after that absolute ethyl alcohol is five
molar relation and oxalic acid is 0.1 M relation, which is prepared of the
solutions and is stirred sonochemically for 15 min process. Then,
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Fig. 5. a. Depict the experimental setup view of an SBSS in KLEF. b. Presents a schematic diagram of SBSS. c. Shown a novel work flow process of SBSS.

dropwise is added in tetraethyl orthosilicate. The blend of the solution
has been stirred sonochemically at 5 min, after that following the
continuously stirred for 5 min of the solution, which dropwise is added
of polydimethylsiloxane. It is the resulting sol of titanium dioxide and
silicon dioxide blending. Previously, improved sonotrode employed
environments are from the initial conditions to 100% cavitation and
60% amplitude. Instantly afterward, distilled water is added 15 mL with
mixing through the continuously for 20 min by using sonotrode condi-
tions. A subsequent blend has been applied on the glass through the
mortar surfaces. It is dry at room temperature by the samples.Synthe-
sized SiO5/TiO have been increased the durability of the photocatalytic
coating without affecting its photocatalytic potential. Scherrer equation
resulted from the crystal magnitude of silver nitrate nanoparticles was
12 nm, as shown in an image of SEM. The determined large particle size
and SEM model were around 10 to 50 nm, as shown in Fig. 3.

Preparation techniques of herbal extracts

Herbal materials like Tulsi (Ocimum tenuiflorum: Count 100 -

leaves), Mint (Mentha: Count 100 - leaves), Neem (Azadirachta indica:
Count 100 - leaves) (TMNLs) gathered from Vijayawada in Andhra
Pradesh, India. The samples prepared at the Department of Physics were
maintained in the Biotechnology Laboratory in Koneru Lakshmaiah
Education Foundation (KLEF), Vaddeswaram, Guntur district. In these
cases, developed the materials were Department of Biotechnology KLEF
(Herbarium code = KLEF: 2159). The leaves wereinitially cleaned by
normal water followed by distilled water and dry heat around 55 °C for
15 hrs. The collected materials are processed in Thomas Digital ED-5
Wiley Mill. It used Soxhlet extraction with methanol then focused on
below the abridged pressure to grow the high residue as an arrangement
in a preliminary step, as shown in Fig. 4. The dry TMNLs extracts were
liquified in Dimethylsolfone (CyHgO2S), an integrated development
environment, then deposited with frigerated aimed at the additional
usage of asolar still. The chemical’s systematic evaluation of solvents
gained from Bangalore Scientific & Industrial Suppliers, Rajajinagar,
Bangalore, Karnataka, India.
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Table 1
Details of various error limit obtained from the used instrument studies.
SL SBSS used an Type For the Range %
no instrument accuracy Error
1 Solar power TES-1333 +1 W/m2 0-2000 W/ 2%
meter m?
2 Thermocouple K-Type +0.01 °C 0-120 °C 0.3%
measured at
range of 200 °C
3 Anemometer Wind speed +0.1 m/s 0-10 m/s 5%
least — 1450
4 Data logger Eight channel +0.1°C —200-1800 5%
heat con 8003/ °C
USB
Table 2

Compare with and without coated in SiO2/TiO2 stepped plate temperature by
the system.

S. Volume With SiO, TiOo Without
no fraction nanolayers SBT  SBT SBT nanolayers (SBT —
(%) [§9)] [§9)] Q) CsS) (°C)

1 10 52.705 46.03 45.21 24.10

2 20 54.235 45.98 44.25 23.11

3 30 61.117 46.87 44.56 26.10

4 40 54.941 46.10 43.78 25.45

5 50 52.294 45.78 42.10 24.74

SBT - stepped plate temperature.
CSS - Conventional Solar Still.

Thermal conductivity (TC)
Maxwell’s result is developed thermal conduction, which is given the
conductivity of dispersion of spheres in a continuous intermediate:

2k + k, +2¢, (k. — k;)
2k + ke — p (ke — ki)

ki =k (€8]

As the conductivity of solid is naturally higher to considerably higher
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Fig. 6. Shown different volume fraction associated to the average TC.

than that of liquids. Equation (1) expects that the conductivity of the
dispersal is advanced than that of the fluid. Each higher conductivity
was attained the solid and liquid were overturned to yield a dispersal of
liquid condensations inside an incessant solid matrix with the same
volume fraction. The final result was attained in the transaction about k,
and k; in from equation (1) substituting ¢, as 1- ¢,

i k(3 -20,) + 2k
kb, + k(3 4.)

From eq. (1) and eq. (2) are established two limits for the thermal
conductivity, and the non-uniform (inhomogeneous) scheme is
composed of two phases at fixed volume fraction. Then the lower limits
dispersion of the more conductive phase in a medium of low conduc-
tivity equation (1). From equation (2) is a dispersion of the less
conductive phase in a continuum shaped by the more conductive phase.
From equation (2) is observed an upper limit for a colloidal gel for full
structure involved of a continuous solid network with regions of liquid
discrete in the interior Eapen et al.[36]. Then, the two bounds are

K (2)
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Fig. 7. Shows the average values of solar intensity and ambient temperature achieved using a SBSS.

occupied with characterizing the limits of fully dispersed particles the varied nature of the way through the system’s process, which is a
(lower limit) and a fully gelled colloid (upper limit). The thermal con- noveltyof the work is shown in Fig. 5 (c).The design was fabricated at
ductivity is confirmed that hypothesis suspension at a fixed volume equivalent magnitudes[38]. The multi-stepped basin to glass cover
fraction of primary particles increases monotonically with cluster size analyzed the temperatures that formed an internal heat transfer func-
and reaches the upper limit of Maxwell’s theory in the gel state, Lotfi- tion. SiO/TiO5 nanoparticles are used, as shown in Fig. 5(a). Nano-
zadeh et al.[37]. particles have been analyzed with several solar still performances. SBSS

is conducted with library block roof, Research Centre of Solar Energy,
from place KLEF, Vijayawada (16.4473° N, 80.6049° E), Andhra Pra-

Experimental performance SBSS evaluation desh, condensed during from July 2019 to July 2021.The design func-
tion process was in progress at sunset from08.00 am to 6.00 pm by
Thermal analysis of new steeped basin solar still (SBSS) evaluated  recording differences in several constraints measured as glass cover,
graphic illustration of the method available Fig. 5 (a), Fig. 5 (b). The stepped plate, basin area, and moisture of the internal air, water tem-
dimensions of overall SBSS utilized around 100 cm, Length- perature, and distillate output.
*breadth*heights magnitudes are engagement basin surfaces completed Measured point of view, measured a parameter wasat 30 min in-
around 100 cm*100 cm. The design with the front wall has 20 cm. Back tervals by using copper-constantan thermocouples. TENMARS TM-206
wall height is 30 cm. Insulation (glass wool) 5 cm is used for the design solar power meter is utilized of a design values veridiction as solar ra-
with a fixed thickness material. The basin-made stepped plates are used diation then transferred PC to perform data analysis. Identified effect in
copper sheet with16 steps. SBSS is a fixed inner side basin area to center SBSS and improved efficiency [39]. The design has been calculated

through the left and right side about 8steps x 8steps for each distance of nanolayers absorption by the spectra penetrating «/e (100 °C) = 0.92/0.
around 5 cm.SBSS has been made of the absorber basin area and stepped The SBSS has gained the energy process, as shown in Fig. 5(b). The

plates placed in a copper sheet. The transferring glass cover is 4 mm that mechanisms measure that tool in solar power meter was used channel-6,
of thickness materials, and the slope is 11°. The copper sheet’s back and heat pointer. RTD/PT/100 natures are regulated in thermocouple
front sides are coated with SiO»/TiO; nanolayer.Used inside design was  junctioncable utilized sensorabsorption measures, ranging from 0 to
a unique arrangement drip button. The saline water functions (pour) 800 °C and =+ 0.1 °C accuracy statistics separately in SBSS. An analysis of
were one by one coming through (drop) pure heat transfer pipes utilized experimental errors associated with using the instruments with the ac-
an inner stepped basin surface. curacy followed, as shown in Table 1.

The drip buttons have been fixed at about 10 cm by heat transfer
pipes and are immovable parallel in the system. The front wall is fixed in

the drainage channel and collected in purification water produced by SBSS performance
the system. The yield of the purified water by the SBSS is connected
through the basin backside and collected distillation water to store in the The systematic process of the(herbal materials and SiOy/TiO5)
second basin with a height of 5 cm. The herbal extracts combined nanolayer has been produced by the homogeneous coated on a stepped
through the second basin and the purification water are also connected basin surface by the solar stillwith large surface area and mesoporous
to that second basin way in blends for the process. It is collected liquid nature that would increase the adsorption of nanolayer on it thanbetter-
through the connection for the third basin with a height of 5 cm. The quality photosensitivity to solar radiation.The solar still with results
function of the third basins of the SBSS is blending herbal extracts water indicate, and benefit of a nanolayer has been increased the durability of
and connected in coconut charcoal powder’s carbon-based activities the photocatalytic coating without affecting its photocatalytic potential.
with a thickness of 5 cm. Then distilled water collects to join in fourth SBSS is calculated to indicate that using SiO», which improves the
basins with a height of 5 cm. The function is mixing in the sand after durability of the TiOpwith herbal materials, coating the basin area by an
receiving in fifth basins. The fifth basin has a height of 10 cm inside SBSS without affecting its photocatalytic properties. The nanolayer has
different stones miscellaneous of the basin. been coated by basin area of the system, demonstrations of the result are
Finally, the purification water is taken bottom of the basin area by a potential for developing long-lasting, self-cleaning, and air-purifying
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made a sample.The composite of the nanolayer with characteristics is
considered below continuous water penetration. The experimental
distillate productivity of the system is increased by the nanolayer used as
a coating for a step basins surface. Prepared the SBSS treatment process
was smooth with delivering moral paint agreements. The SBSS has
developed layers insensibly through the significant-high homogeneous
coating. Layered samples’ way of preparation was basin surface else
originates main too eager thriving from dirt with an air about 55 h. The
effect of SBSS is occupied periods implemented for internal heat energy
by Chenlu et al.[40]. The two types of heat transfer modes by way of a
thermodynamic process are good performance of the system. The pro-

duce of the portable water by the SBSS is stored in second basins and

connected herbal extracts miscellaneous in good antibacterial produced

of the water after a natural process. The yield of the water is delivered in

society by using a hand, face wash, drinking all processes with benefits
to avoid the virus, i.e., the safety of COVID 2019.

SBSS analysis of uncertainty values

Table 1 shows the uncertainty of several measuring equipment. The
root sum square approach can be used to calculate the uncertainty in
measuring the still’s efficiency using the following equation:

on = \/(aﬂ x oM, + (% x 8L)* + (g—z x 5A)* + (% x 8I)? 3)

Using the above equation, the uncertainty in measuring efficiency is
calculated to be 3%

Results & discussion

SBSS has been developed the way of a natural process of experi-
mental analysis. The First basin was coated with SiO2/TiO5 nanolayer

with saline water as a usual way, the lower basin was fixed in four basins
and used materials of

(i) Herbal Extract liquids,

(ii) Carbon base (Coco coir),

(iii) Sand,

(iv) Different sizes of black stones.

The saline water with Total Dissolved Solids (TDS) was in the SBSS
assembled from the Manginapudi beach 2411 ppm, 5.08 is pH values. An
experimental analysis of the SBSS indicated TDS values of 65 ppm and
pH of 5.32 for distillate water, respectively. The collected distillate
water mixed with herbal extracts in the second basins after a nature
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Fig. 9. Shows the total production rate of an SBSS at different volume fraction for month-wise.

process (Carbon base + Sand + Different sizes of back stones) explained
with a comment verified an initial for an investigational energetic
nanolayer of the system.

The distinction parameters of SBSS performance

The KLEF place fixed of the solar still is occupied energy to activities
parameters are studied by developing on volume fractions (10%, 20%,
30%,4 0%, 50%), it is restrained good harvest internal heat transfer
mode. The average temperature range of the system is 69 °C, and Fig. 6
is explained an average thermal conductivity (TC).

The ambient temperature, solar radiation utilized experimental pa-
rameters are glass temperature, moist air, basin area, and produced
water recorded every 30 min from July 2020 to May 2021. An experi-
mentally has been evaluated by using volume fractions gotten with
during that the different days. Fig. 7 is calculated in solar radiation and
ambient temperature one-year average value. Weather parameters like
solar radiation and ambient temperature significantly affect natural
ways that the freshwater produced by [41] and[42]. All parameters for
the system’s average temperature for SiO5/TiO» nanolayers have been
verified as publicized in Fig. 8.

The solar intensity and ambient temperature measures were deter-
mined in periods (one year) at higher at 3.00 pm and overall absorbed
696.25 W/m?, 35.98 °C, abbreviated over compact sunset design. The
solar still has been verified an exploitation about 10%, 20%,3 0%, 40%,
50% an energetic SiO2/TiOy nanoparticle. It is improved per typical

thermal energy to increase for the day through about 18.6% to 29.3% on
the design.

The SiO5/Ti0o nanolayers with  various ratio of
10%,20%,30%,40%,50% utilized in SBSS have been achieved by the
stepped basin area temperature absorption per day of 52.705, 54.235,
61.117,54.941, 52.294 4+ 0.1 °C. Fig. 8 as all parameters have improved
month-wise like that glass, moist air, stepped basin, water temperature,
and one-year average values of the system’s temperature range are
37.41, 52.48, 53.59, 52.80 stepped basin area[43]. An energetic nano-
particle used in the stepped basin area was layered effectively of moist
air, water temperature. It’s simultaneously enhanced thermal energy
occupations.

Fig. 8 represents, achieved temperature to focus on 20%, 30% using
SiO2/TiO; nanolayers in design. These are 54.235, 55.747, 54.235 + 0.1
°C, and 40%, 50% are 61.117, 62.015, 60.941 4+ 0.1 °C, increases to
compared other than system temperature individually. It is increased by
about9.14, 13.14%, then 8.14, 11.46% by the 40%,50% of glass tem-
perature and water temperature.Fig. 8, was centered around hourly
varieties and month insightful quality design components heat energy
choicepopular glass plate, stepped plate area, saturatedmidair, and
aquaticfever.

The different TC ratios used by the solar still too conducted nano-
particles, which are detected characteristic design surrounding (ambient
air) thermal analysis. The different ratiosnanoparticles to typical step-
ped plate temperature, which isdeterminedfor 52.705 (10%), 54.235
(20%), 61.117 (30%), 54.941 (40%), 52.294 (50%), + 0.1 °C,
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24 hours vield

Fig. 11. 24 h evolution achieved from SBSS using different volume fraction.

individually. Therefore, the TC focus nanoparticles ratio of 20%, 30%,
the layer was increased than 40%, 50% is decreasing by this ratio of
performance design. It is utilized the blend nanoparticles in steps plate
acquire with heat energy by the system. A temperature expands 10.34%,
15.17% by the proportion of 20%, 30%. The overall thermal efficiency is
improved by about 9.42% and 14.23% by the water and stepped plates
temperatures.

Performance SBSS

Hourly variations expressions are Fig. 9 and month-wise for the
average distillate output of the SBSS. Overall average production of
Si04/TiO3 nanolayers is with a performance design. The experimental is
enhanced with coated of SBSS temperature range about 0.76 (10%),
0.78 (20%), 0.80 (30%), 0.79 (40%), 0.78 (50%) + 0.01 kg/m? indi-
vidually. Twenty-four hours for harvest accomplished from the stepped
basin of a solar still by SiO2/TiO3 nanolayers were coated higher. Fig. 11

as that of 24 h yield in different volume fraction of an SBSS performance
is 5.307(10%), 6.721(20%), 8.792(30%), 6.420(40%), 5.090 (50%) kg/
m°®/day and compared with performance on SBSS is shown Fig. 12.
However, SBSS is developed everyday harvest gained then SiO5/TiO2
nanolayers. It is associated with herbal extracts aquatic increase the
natural way of distillate water. The main reason distillate water has
absorbed the temperature to transfer in the bottom side to a basin area.
It is mixed herbal extracts to save from energy increases.

An internal heat mode is occupied by the herbal extracts, carbon
base, sand, and different black stone for hours, increasing evaporation of
saline water to off-shine hours on the SBSS. Improved saline water, glass
cover temperature was different ratios, increasing the evaporation
amount aquatic on the solar still[44]. The SBSS difference between an
average temperature for saline water and glass cover in SiOy/TiO2
nanolayers coated stepped basin was 40.24%, which concluded in the
higher evaporation process. However, the final results in saline water,
glass cover achieved and improved that a higher average temperature of
45.13% and herbal extracts harvest is more elevated in natural process.
9 am to 5 pm hours for the experimental result were obtained that
distillate water from a stepped basin of the solar still has been used in the
various volume fraction of 10%, 20%, 30%, 40%, 50% at that average
distillate yield is 0.2731, 0.3754, 0.4501, 0.3446, 0.3064 kg/m?.day.
Month wise an average distillate yield is 0.2124, 0.2649, 0.3514,
0.2621, 0.2503 kg/m2day obtained for SiO,/TiO, nanolayers. It is
measured an individual for the one year for a month, as shown in
Fig. 13at 24 h.

Therefore, the final 30% results indicated a higher overall yield of
SBSS is a good indication of accuracy with an average deviation of 4%,
which is credited to the measurement error.The SiO,/TiO2 nanolayers
coated an experimental analysis of daily (9am to 17 pm) total produc-
tion rate of 10%, 20%, 30%, 40%,50% were utilized of the solar still is
3.420, 4.501, 5.893, 3.898, 3.592 kg/mz.day, respectively. It scheduled
a special day and gained by way of saline water was controlled enor-
mous physique for a scum then sand elements. Essa et al., [45]in Table 3,
which is evaporation vapor concertchanged Nanolayers. They have been
utilized in advanced (stepped) plates (basin) with thermal energy
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Fig. 12. Analysis of SBSS with comprehensive results.

assortments in a few environmental conditions of retention. An experi-
mental has been confirmed in yield for July 2019 to May 2021 by
climate states of KLEF.

Natural distillate water is used in society to roam any place at that
period utilized that water of herbal extracts solution (hand, face wash).
It will use the herbal extracts water to avoid the virus, i.e., COVID-19.
The productivity of natural drinking water developed an antibacterial
activity growth of humanity for the human body. The production of
yield herbal extracts water was introduced first by the thermal solar still
process.

The SiO2/TiO2nanolayers used in a different volume fraction of 10%,
20%, 30%, 40%, and 50% coated in the SBSS are the hourly variation in
average month wise for an increasing harvest instantaneous efficiency as
shown in Fig. 9. It utilized the everyday productivity accomplished for
the SBSS as 33.980%, 45.517%, 54.200%, 34.784%, 32.722%. Average
month-wise increases the values SBSS with SiO5/TiO5 nanolayers coated
an individual value for 26.62%, 41.124%, 57.874%, 45.625%, 31.476%
shown Fig. 9 scheduled particular day.Therefore, the overall thermal
efficiency of the SBSS indicated typical enrichment of 40.241%was
enhanced an average of 17.94% for the evaporative to heat transfer
modes by the SBSS. The comparation of stepped basin achieved an
average temperature is coated inwith and without SiO2/TiO3 nanolayers
performance of the system as shown in Fig. 10 and Table 2.

Saline water analysis of physico-chemical characterization

Water is vital for society and used for all determinations of the living
part that is agriculture, home purpose, and drinking water. Saline water
is contaminated that cannot use directly by the society. Assembled saline
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water used on the SBSS was from the Manginapudi beach. It has been
studied for characteristics with physicochemical parameters. They are
analyzed in TDS, Alkalinity, Chloride, Sulphate, EC, Turbidity,
Ammonia, Nitrate, Nitrite, Phosphate, calcium, Carbonate, calcium,
Magnesium, and Sodium analyzed for water quality of saline water. It
concluded that Hardness, PH, Magnesium, and Bicarbonate is originated
below the acceptable boundary given by WHO standard as absorption
for higher values, as shown in Table 3[46,47].

PpH analysis of natural water

The fundamental characteristic analysis of pH level is restricted as
the following temperature as the solution acidic. The changed hydrogen
ions (H*) have been calculated to the samples’ conceivable activity. It is
pH elevations between 0 and 14. The SBSS input of the pH value was
8.019 (40.006), and the output was 7.102 (+0.052) as a robust disso-
ciation during Herbal Extracts used in SBSS natural water production.

Electrical conductivity analysis of natural water

The water neutralization of potential measure on the SBSS is 176,147
(+0.323) and verified alkalinity. It is an input of water, and output is
169,00 (+0,000). BEFORE DISTILLATION, the EC of water was 2.64
(£0.053) and after distillation in the SBSS was 1.43 (+0.007) that meet
WHO water necessity standards.

Alkalinity analysis of natural water

The potential water analysis of acid neutralization is alkalinity, and
input is 176.147 (+£14.03), Output is 143.124(+12.42). Therefore, it
changed the sample for pH values are reduced by the SBSS for suitable in
EC mechanism.
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Fig. 13. Shows the total instantaneous efficiency for an SBSS using different volume fraction for month-wise.

Total dissolved solids studies

The water analysis is fundamental for the total dissolved solid for
transient water use with highly dissolved materials.Absolute suspended
solid values are 1.426 (+0.006) as reduced to nothing results in a

technique. The SBSS liquid is reduced in salt and was a settlement in
mineral water.

Hardness studies

The Hardness of water indicates the ability of water to reply by the
cleanser. The sum of the water’s calcium, magnesium hardness was
demarcated the whole durability. The entire water input quantity
characterized the alkaline metal cations for average water hardness as

394.487 (+0.403) and output as 202.669 (+6.652) in saline water
hardness absorption.

Calcium and Magnesium studies

It is found that the sample below an acceptable boundary for WHO,
BIS water morals. The value is 21.00 (+0.62) for calcium falls inputs
after SBSS output is 8.45 (4+0.041) that process. From that is 39.00
(£3.03) to 7.89 (£0.61) magnesium significant influence; the focus of
the samples is the absorption of magnesium decreased to 8.21 from
39.01 (£3.03). The saline water of the hardness by the SBSS is
condensing water from heating yield production.

Bicarbonate studies
The bicarbonate analysis of the saline water reduction is estimated
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at379.01 (+£12.47) to 87.13(£2.46). The natural water for comprising
carbonates, bicarbonates is suitable for the pH components process of
the SBSS.

Sodium studies

The saline water used on the SBSS is 349.12 (£+16.03) to 31.01
(£1.69) for reduced. It is studied by the mechanism of an exchange
progression of the cation/anion.

Chloride studies

The chloride decreases the saline water to input, output for electrical
conductivity from 71.457(+0.406) to 41.012(+1.673) under the con-
dition to acceptable for BIS drinking water standard levels. The chloride
value reduces the SBSS process of the samples, and herbal extracts are

associated with salt detachment of the mechanics performance of sun
rays.

Sulphate studies
The natural water is used infrequently sulphate ions and willingly
filtered from the surviving atmosphere. The SBSS output water has

accepted limit values for sulphate due to WHO then BIS aquatic
standards.

Phosphate studies
Incidencethe sample on the phosphate by an SBSS was from 0.331
(£0.002) to 0.045(+0.068). It meted in natural water quality standards



Table 3
Saline water sample analysis of Physico-chemical.
S. Water Feeding Distillate Natural Morals of
No  Parameters saline water distillate drinking
water to produced output for water - BIS: IS
the SMBSS  from Herbal -
SMBSS Extracts in 10500:2012
SMBSS
1 pH 8.019 6.341 7.102 9.0-6.5
(+0.006) (+0.037) (+0.052)
2 EC (uS/cm) 2.64 1. 64 1.43 WHO-1500
(+0.053) (+0.023) (+0.007)
3 Turbidity 0.294 0.004 0.000 5-1
(NTU) (+0.003) (+0.002) (+0.001)
4 Alkalinity 176.147 149.12 143.124 600-200
(mg/L) (+£14.03) (£13.57) (£12.42)
5 Hardness 394.487 212.69 202.669 600-300
(ppm) (+0.403) (£6.742) (+6.652)
6 Chloride 71.457 39.374 41.012 1000-250
(mg/L) (+0.406) (£1.398) (£1.673)
7 Sulphate 0.402 0.315 0.265 400-200
(mg/L) (+0.003) (£0.002) (+0.001)
8 Ammonia 0.086 0.043 0.051 0.6-0.0
(mg/L) (+0.005) (£0.003) (+0.003)
9 Nitrate (mg/ 0.267 0.036 0.042 46-00
L) (+£0.194) (+0.000) (+0.001)
10 Nitrite (mg/ 0.042 0.021 0.039 0.4-0.0
L) (£0.003) (£0.001) (£0.002)
11 Phosphorus 0.331 0.057 0.045 WHO - 1.0
(mg/L) (+0.002) (£0.073) (£0.068)
12 Calcium 21.00 8.59 8.45 75-0
(mg/L) (+0.62) (£0.29) (£0.041)
13 Magnesium 39.00 6.28 7.89 30-0
(mg/L) (+£3.03) (£0.74) (£0.61)
14 Sodium 349.12 29.80 31.01 WHO — 200
(mg/L) (+£16.03) (£1.76) (£1.69)
15 Carbonate 74.12 0.13 0.12 600-200
(mg/L) (£5.63) (£0.004) (+0.003)
16 Bicarbonate 379.01 85.79 87.13 300-100
(mg/L) (+£12.47) (£2.21) (£2.46)

on the process. The phosphate of the water conditions of the rule is not
damaging to humanoid life if it’s currently in the advanced absorption of
the system. The high uptake of phosphates value is the source of the
gastral problem.

Biological parameter analysis

The quality of drinking water is determined as an essential factor that
of biological parameters. The direct effect on human health is more
critical terms than physical and chemical parameters. The yield of SBSS
variety of drinking water characteristics from some essential biological
affecting include bacteria, protozoa, viruses, and algae.

Ammonia studies

The saline water is NH3 (ammonia) levels of less than about 0.6 mg/
L. The total concentration of NH3 with saline water is determined input
and output process of SBSS from 0.086 (£+0.005) to 0.051 (+0.003).

Nitrite studies

The saline water is reduced by the oxidation of the ammonium
compound’s process of nitrite. The natural water measured by some
tenths of mg / L and most biologically like sewage, industrial waste, etc.,
cleansed effluents at that present focus. The nitrite few levels for a drop
of 0.042 (£+0.003) to 0.039 (+0.002) were discovered by the saline
water. The biological variation parameters are grown on nitrate value
for exchange through the SBSS mechanism process from the ammoniacal
nitrogen to nitrite.

Nitrate studies
The water analysis of the maximum extremely oxidized procedure of
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nitrogen is considered for natural water nitrate. The water treatment is
verified as an essential source of nitrate like that to be vital to chemically
fertilizer, hazardous waste, dumping, domestic effluents, animal decay
or plant, industrial effluent, waste-water disposal slot land disposal, and
atmospheric laundry. The limit of BIS under control of the sample is
0.267(£0.194) to 0.042(+0.001) input and output produced of the SBSS
and small reduction focus on nitrate occurred ammoniacal nitrogen to
nitrite.

The production of the water is an analysis of the standard for WHO
and BIS water levels. The SBSS has been produced for the natural water
to interact. It passed away from herbal extracts, carbon base, sand,
different stones are originated in the system to remove contaminants
under the effect of sun rays. The input and output of the samples are
studied for Physico-chemical characteristics by the SBSS production
water. The natural water production of the SBSS has based on sun rays
an interaction during the saline water process and focused on parame-
ters like pH, Hardness, Bicarbonate, and Magnesium is a significant way
of a process.

The benefits of the society and economicsby the SBSS

The SBSShave been utilizedthe local labor from the rural areas, local
material and business, local shareholders, and services of local groups. It
issimplifieda groupinfounding a trust fund that aims to invest the money
earned by local economy. Overall economy is enhanced with multiple
selections to generate power by different renewable energy sources,
Akellaet al. [48].The present novel work is an investigation count
growth of the energetic using a human body suitable for drinking, hand,
and the SBSS utilizes face wash water andestimated cost as Rs.1.85/L (i.
e., US$ 0.034/L). The natural water produced by the solar still can be
used to treat patients of COVID-19, and it can be used in medicine with a
cleaning process to cure their infection. Nowadays, the virus’s boundary
transmission is attracted to other public in instruction to curb the spread
of COVID-19 in the world. It is suitable for the medicine with purifica-
tion water to acceptable with a controller of human health conditions. It
will be used in the natural purification of the water and formed with
mixtures of nanoparticles. The virus is transferred through to avoid
human drink water and hand wash utilized for healthcare employees.
The title of the conviction significance is shared through the systematic
municipal distribution of natural drinking water.

Conclusion

In the present work, herbal materials with SiO,/TiO5 have been
investigated. The potential of nanolayer improves the productivity of an
SBSS performed to evaluate the system. The main findings of this
research are summarized as bellows:

e Improved the evaporation and condensation total amount of heat
transfers were adding the nanolayer by the system.

e The experimental analysis of SBSS has been coated in nanolayer

(10%,20%,30%,40%,50%) with different ratios.

The yield of an SBSS is increased to improve the solid volume frac-

tion of nanolayers, and 30% is improved in the range of 0% to 5% by

the system.

e It is enhanced to around 13.14%, 14.11%, 15.17%, 11.46% inde-

pendently to about TC for 30%. The steeped solar still is absorbed in

mixture nanolayers to higher thermal performance produced by

30%, which is no substance to a nanoparticle advancement param-

eter. Nanolayers have been used for 20%, and 30% of the SBSS ef-

ficiency increased by 41.624% and 54.200%.

SBSS thermal efficiency is typical enrichment of about 40.241%. The

nature distillate water 24 h yield in different volume fraction of an

SBSS performance is 5.893(30%) kg/m®/day.



e Natural water (drink, hand, face wash) used in natural water to avoid

the virus, i.e., COVID-19. The production of the water is an analysis
of the standard for WHO and BIS water levels.

Author statement

All authors have contributed equally.

Declaration of Competing Interest

The authors declare that they have no known competing financial

interests or personal relationships that could have appeared to influence
the work reported in this paper.

References

[1

—

[2

—

[3

—

[4

=

[5

fad}

[6]

[7

—

(8]

[9

—_

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Elsheikh AH, Sharshir SW, Ahmed Ali MK, Shaibo J, Edreis EMA, Abdelhamid T,
et al. Thin film technology for solar steam generation: A new dawn. Sol Energy
2019;177:561-75.

Elsheikh AH, Panchal H, Ahmadein M, Mosleh AO, Sadasivuni KK, Alsaleh NA.
Productivity forecasting of solar distiller integrated with evacuated tubes and
external condenser using artificial intelligence model and moth-flame optimizer.
Case Studies in Thermal Engineering 2021;28:101671.

Essa FA, Elsheikh AH, Algazzar AA, Sathyamurthy R, Ahmed Ali MK, Elaziz MA,
et al. Eco-friendly coffee-based colloid for performance augmentation of solar stills.
Process Saf Environ Prot 2020;136:259-67.

Elsheikh AH, Shanmugan S, Sathyamurthy R, Kumar Thakur A, Issa M, Panchal H,
et al. Low-cost bilayered structure for improving the performance of solar stills:
Performance/cost analysis and water yield prediction using machine learning.
Sustainable Energy Technol Assess 2022;49:101783.

Sharshir SW, Elsheikh AH, Ellakany YM, Kandeal AW, Edreis EMA,
Sathyamurthy R, et al. Improving the performance of solar still using different heat
localization materials. Environ Sci Pollut Res 2020;27(11):12332-44.

Essa FA, Omara Z, Abdullah A, Shanmugan S, Panchal H, Kabeel AE, et al.
Augmenting the productivity of stepped distiller by corrugated and curved liners,
CuO/paraffin wax, wick, and vapor suctioning. Environ Sci Pollut Res 2021;28(40):
56955-65.

Elsheikh AH, Katekar VP, Muskens OL, Deshmukh SS, Elaziz MA, Dabour SM.
Utilization of LSTM neural network for water production forecasting of a stepped
solar still with a corrugated absorber plate. Process Saf Environ Prot 2021;148:
273-82.

Gandhi AM, Shanmugan S, Gorjian S, Pruncu CI, Sivakumar S, Elsheikh AH, et al.
Performance enhancement of stepped basin solar still based on OSELM with
traversal tree for higher energy adaptive control. Desalination 2021;502:114926.
https://doi.org/10.1016/j.desal.2020.114926.

Sharshir SW, Peng G, Wu L, Yang N, Essa FA, Elsheikh AH, et al. Enhancing the
solar still performance using nanofluids and glass cover cooling: Experimental
study. Appl Therm Eng 2017;113:684-93.

Abd Elaziz M, Essa FA, Elsheikh AH. Utilization of ensemble random vector
functional link network for freshwater prediction of active solar stills with
nanoparticles. Sustainable Energy Technol Assess 2021;47:101405.

Elsheikh AH, Sharshir SW, Abd Elaziz M, Kabeel AE, Guilan W, Haiou Z. Modeling
of solar energy systems using artificial neural network: A comprehensive review.
Sol Energy 2019;180:622-39.

Abdullah AS, Omara ZM, Essa FA, Younes MM, Shanmugan S, Abdelgaied M, et al.
Improving the performance of trays solar still using wick corrugated absorber,
nano-enhanced phase change material and photovoltaics-powered heaters.

J Storage Mater 2021;40:102782.

Panchal H, Nurdiyanto H, Sadasivuni KK, Hishan SS, Essa F, Khalid M, et al.
Experimental investigation on the yield of solar still using manganese oxide
nanoparticles coated absorber. Case Studies in Thermal Engineering 2021;25:
100905.

Thamizharasu P, Shanmugan S, Gorjian S, Pruncu CI, Essa F, Panchal H, et al.
Improvement of Thermal Performance of a Solar Box Type Cooker Using SiO2/TiO2
Nanolayer. Silicon 2020:1-9.

Shanmugan S, Gorjian S, Elsheikh AH, Essa FA, Omara ZM, Raghu AV.
Investigation into the effects of Si02/TiO2 nanolayer on the thermal performance
of solar box type cooker. Energy Sources Part A 2021;43(21):2724-37.
Mohandass Gandhi A, Shanmugan S, Gorjian Shiva, Pruncu Catalin I, Sivakumar S,
Elsheikh Ammar H, Essa FA, Omara ZM, Panchal Hitesh. Performance
enhancement of stepped basin solar still based on OSELM with traversal tree for
higher energy adaptive control. Desalination 2021;502:114926.

Shanmugan S, Essa F, Gorjian S, Kabeel A, Sathyamurthy R, Manokar AM.
Experimental study on single slope single basin solar still using TiO2 nano layer for
natural clean water invention. J Storage Mater 2020;30:101522.

Adil SF, Assal ME, Shaik MR, Kuniyil M, AlOtaibi NM, Khan M, et al. A facile
synthesis of ZrOx-MnCO3/graphene oxide (GRO) nanocomposites for the oxidation
of alcohols using molecular oxygen under base free conditions. Catalysts 2019;9
(9):759. https://doi.org/10.3390/catal9090759.

13

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]
[37]

[38]

[39]

[40]

[41]
[42]
[43]

[44]

[45]

Kumar RA, Yechuri S, Kumar GK, Babu BR, Rajesh C. Mn modified mesoporous TiO
2 particles: synthesis, characterization and photovoltaic application. J Electron
Mater 2019;48(8):5075-9.

Alarifi IM, Abo-Khalil AG, Al-Qawasmi A-R, Alharbi W, Alobaid M. On the effects
of nanomaterials on the performance of solar distillation systems-A comprehensive
review. Sol Energy 2021;218:596-610.

Kamakshi T, Sunita Sundari G, Erothu H, Subhakaran Singh R. Effect of nickel
dopant on structural morphological and optical characteristics of Fe304
nanoparticles. Rasayan J. Chem 2019;12(02):531-6.

Kedar S, Kumaravel AR, Bewoor AK. Experimental investigation of solar
desalination system using evacuated tube collector. Int J Heat Technol 2019;37(2):
527-32.

Suresh C, Shanmugan S. Effect of water flow in a solar still using novel materials.
J Therm Anal Calorim 2019:1-14.

Suresh C, Shanmugan S, Bharath M, Naveen B, Chithambaram V. Experimental
analysis of Energy and Environment redeemable in solar Nano-basin still to
improve Sullage Water Natural Treatment of Fuzzy Application. Mater Today: Proc
2019;18:1263-71.

Zanganeh P, Goharrizi AS, Ayatollahi S, Feilizadeh M. Nano-coated condensation
surfaces enhanced the productivity of the single-slope solar still by changing the
condensation mechanism. J Cleaner Prod 2020;265:121758.

Abdullah A, Essa F, Bacha HB, Omara Z. Improving the trays solar still performance
using reflectors and phase change material with nanoparticles. J Storage Mater
2020;31:101744.

Shanmugan S, Palani S, Janarthanan B. Productivity enhancement of solar still by
PCM and Nanoparticles miscellaneous basin absorbing materials. Desalination
2018;433:186-98.

Agrawal A, Rana R, Srivastava PK. Heat transfer coefficients and productivity of a
single slope single basin solar still in Indian climatic condition: Experimental and
theoretical comparison. Resour-Effic Technol 2017;3(4):466-82.

Arunkumar T, Murugesan D, Raj K, Denkenberger D, Viswanathan C, Rufuss DDW,
et al. Effect of nano-coated CuO absorbers with PVA sponges in solar water
desalting system. Appl Therm Eng 2019;148:1416-24.

Ravindran J, Arumugasamy V, Baskaran A. Wound healing effect of silver
nanoparticles from Tridax procumbens leaf extracts on Pangasius hypophthalmus.
Wound Medicine 2019;27(1):100170. https://doi.org/10.1016/j.
wndm.2019.100170.

Hekmati M, Hasanirad S, Khaledi A, Esmaeili D. Green synthesis of silver
nanoparticles using extracts of Allium rotundum 1. Falcaria vulgaris Bernh, and
Ferulago angulate Boiss, and their antimicrobial effects in vitro, Gene Reports
2020;19:100589.

Rawat V, Sharma A, Bhatt VP, Singh RP, Maurya IK. Sunlight mediated green
synthesis of silver nanoparticles using Polygonatum graminifolium leaf extract and
their antibacterial activity. Mater Today: Proc 2020;29:911-6.

Elsheikh AH, Sharshir SW, Mostafa ME, Essa FA, Ahmed Ali MK. Applications of
nanofluids in solar energy: A review of recent advances. Renew Sustain Energy Rev
2018;82:3483-502.

Zayed ME, Zhao J, Li W, Elsheikh AH, Elbanna AM, Jing L, et al. Recent progress in
phase change materials storage containers: Geometries, design considerations and
heat transfer improvement methods. J Storage Mater 2020;30.

Zayed ME, Zhao J, Elsheikh AH, Li W, Elaziz MA. Optimal design parameters and
performance optimization of thermodynamically balanced dish/Stirling
concentrated solar power system using multi-objective particle swarm
optimization. Appl Therm Eng 2020;178:115539. https://doi.org/10.1016/j.
applthermaleng.2020.115539.

J. Eapen, R. Rusconi, R. Piazza, S. Yip, The classical nature of thermal conduction
in nanofluids, (2010).

Lotfizadeh S, Desai T, Matsoukas T. The thermal conductivity of clustered
nanocolloids. APL Mater 2014;2(6):066102. https://doi.org/10.1063/1.4880975.
Shanmugan S, Suresh C, Bharath M, Sridharan S, Akashraja D, Krishna MV, et al.
Sullage treatment of full solar energy process high way service of H 2 O in nano
particles—Solar still waste water. In: in: 2017 IEEE International Conference on
Power, Control, Signals and Instrumentation Engineering (ICPCSI); 2017.

p. 1914-9,

Naim MM, Abd El Kawi MA. Non-conventional solar stills Part 2. Non-conventional
solar stills with energy storage element, Desalination 2003;153(1-3):71-80.

Ye C, Hu K, Niu Z, Lu Y, Zhang L, Yan K. Controllable synthesis of rhombohedral
a-Fe203 efficient for photocatalytic degradation of bisphenol A. J Water Process
Eng 2019;27:205-10.

Nijmeh S, Odeh S, Akash B. Experimental and theoretical study of a single-basin
solar sill in Jordan. Int Commun Heat Mass Transfer 2005;32(3-4):565-72.
Elango T, Kannan A, Murugavel KK. Performance study on single basin single slope
solar still with different water nanofluids. Desalination 2015;360:45-51.

Shukla S, Sorayan V. Thermal modeling of solar stills: an experimental validation.
Renewable Energy 2005;30(5):683-99.

Jani HK, Modi KV. Experimental performance evaluation of single basin dual slope
solar still with circular and square cross-sectional hollow fins. Sol Energy 2019;
179:186-94.

Essa F, Elsheikh AH, Sathyamurthy R, Manokar AM, Kandeal A, Shanmugan S,

et al. Extracting water content from the ambient air in a double-slope half-
cylindrical basin solar still using silica gel under Egyptian conditions. Sustainable
Energy Technol Assess 2020;39:100712.



[46] Sadasivuni KK, Panchal H, Awasthi A, Israr M, Essa F, Shanmugan S, et al. Ground
water treatment using solar radiation-vaporization & condensation-techniques by
solar desalination system. Int J Ambient Energy 2020:1-7.

14

[47]1 Panchal H, Mevada D, Sadasivuni KK, Essa F, Shanmugan S, Khalid M.
Experimental and water quality analysis of solar stills with vertical and inclined
fins. Groundwater Sustainable Dev 2020;11:100410.

[48] Akella AK, Saini RP, Sharma MP. Social, economical and environmental impacts of
renewable energy systems. Renewable Energy 2009;34(2):390-6.



