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Abstract

The use of different energy storage materials can have a high effect on the
water productivity of solar desalination. This study evaluates the impact of
magnetic powders on modified solar still (MPSS) performance and compares
the results with conventional solar still (CSS). Black iron oxide magnetic
powder was selected to increase solar radiation absorption. The black iron
magnetic powder simultaneously acts as a thermal storage material and a
porous absorber medium. The thermal energy stored in the magnetic powder
improved the performance of the MPSS during peak solar irradiation hours,
resulting in higher productivity. The results showed that the thermal
performance of MPSS was higher than CSS. The MPSS exhibited a 39.8%
higher evaporative and 14.5% higher convective heat transfer rate compared
with CSS. Results showed that the cumulative water productivity of MPSS was
31.2% greater than CSS. Also, the energy and exergy efficiencies of MPSS were
improved by 18.9% and 19.04%, respectively, compared with CSS. Moreover,
the predicted payback period in MPSS and CSS were 3.2 and 4.3 months.
Additionally, the CO, reduction of MPSS was improved by approximately
45.53% compared with that of CSS. The results also showed that the
exergoeconomic parameter of MPSS and CSS with energy base was equal to
33.1 and 24.56 kWh/$, respectively.
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1 | INTRODUCTION

The use of solar energy has a significant effect on human
needs.' Solar energy is an unlimited source of energy,
which can produce electrical power,*® solar
desalination,”® air heating, etc. The pure water require-
ment is increasing dramatically in the contemporary
globe compared to the previous century due to expansion
in population density, industrial innovation, and agricul-
tural requirements. According to a recent study, over
3.2 billion people live in villages to severe water
shortages and water-restricted agricultural activity.”*!
Hence, it is critical to devise a method that can meet the
demand for freshwater without threatening long-term
growth. Solar desalination is a method for dealing with
water constraints. This technique employs the basic
principles of evaporation and condensation."?

Numerous research have studied the factors
affecting the freshwater output of solar desalination.'?
Khanmohammadi and Sabzpooshani'® increased the
water generation of weir-type cascade solar desalination
by different types of nano/PCM. TiO,, CuO, and GO
nanopowders were dispersed in the PCM to keep high
the water productivity at the night. Their results
indicated that the highest hourly water output of the
nanopowders is obtained in solar desalination using
CuO/PCM, which was about 9.28 kg/m®. Arunkumar
et al."” used paraffin wax as a PCM in hemispherical
solar desalination with a concentrator. In this experi-
ment, six copper balls (28 mm diameter) were attached to
the basin and found a productivity improvement of
4.46kg/m? In the solar still, Naim and Abd El-Kawi'®
employed a phase change material by the mixture of
paraffin wax, water, and aluminum turnings. The
enhanced productivity and efficiency were about
4.53kg/m? and 36.2%, respectively. Patel and Kumar'’
tested the impact of HP-500 thermic fluids at a water
height of 0.02m and discovered an 11.24% rise in
productivity than conventional solar still (CSS). Rufuss
et al.’® evaluated the impact of various nano/PCM on the
freshwater generation of solar still. The body of solar still
was connected with PCM to enhance the freshwater
output of the system at low solar intensity. Their findings
revealed that the water output of the system using TiO,,
CuO, and GO nanopowders in PCM was equal to 4.940,
5.280, and 3.660 L/m>.

Many studies have focused on using nanomaterials/
nanofluids to boost solar still productivity.”*>* Omara
et al.>® employed nanofluid in an active system and
observed a 180% increase in productivity over CSS at
lcm water height. Sharshir et al®** enhanced the
freshwater generation of solar still using nanoparticles.
They reported that using 1% CuO micro-flakes boosted

solar still generation by 44.91%. Kabeel et al.>> investi-
gated the efficiency of a solar desalination system by
nanofluid and external condenser. The results showed
that the productivity of the solar stills using nanofluid
and condenser was raised by 53.2% and 116%, respec-
tively. Rashidi et al.*® studied the influence of nanofluids
on stepped solar desalination. The results revealed that
raising the nanoparticle concentration from 0% to 5%
increased hourly productivity by 22%. With the effect of
copper oxide nanofluid in varied concentrations, Nazari
et al.”’ increased the solar desalination performance.
Over the CSS, it has increased its productivity, energy,
and exergy efficiency. Parsa et al.*® discovered that solar
desalination performed better than CSS by using a
nanofluid and external condenser. They discovered that
the silver nanoparticles boosted the productivity while
simultaneously acting as an antimicrobial.

Some of the research works were carried out in solar
stills using a magnetic field to enhance the overall
productivity.” ! Dumka et al.>* employed ring magnets
in a solar still and boosted evaporation and productivity
by 49.2% and 23.5% over CSS. It boosted convective heat
transfer and productivity by 48% and 38%, respectively,
according to Mehdizadeh Youshanlouei et al.** To
improve CSS productivity, energy, and exergy efficiency
by 21.7%, 31.3%, and 22.6%, Dubey and Mishra®*
employed ring magnets and galvanized iron sheet metal.
Sadeghi and Nazari*>> improved water output and energy
efficiency by 218% and 117% over CSS by an active
system with magnetic nanofluid (0.08%). Dhivagar and
Mohanraj*® used graphite plate fins and magnets to
increase exergy and energy efficiencies by 1.81% and
21.46% above CSS. Dhivagar et al.>’ found that using
block and disc magnets in CSS increased productivity by
31.7% and 23.7%, respectively.

The cost-effectiveness of solar desalination was
assessed for economic aspects.*®*° The various parame-
ters of economic analysis, such as exergoeconomic,
enviroeconomic, and enviroexergoeconomic analysis
assists to achieve a cost-effective design of devices.***!
Yousef et al.** used numerous energy storage media in
CSS and got a cost per liter (CPL) of 0.0343 $. Using
altitude ideas, Parsa et al.** employed the economic
analysis of a solar still device in the Touchal mountain.
They reported that the CPL in traditional and modified
systems was 0.0079 $ and 0.0372 $, respectively. Shoeibi
et al.** employed the performance of the double slope
solar desalination with nanofluid for increasing the
evaporation and condensation area. Different nanopar-
ticles, including MWCN, TiO,, AL,0; and CuO were
dispersed into the water as a nanofluid. The results
revealed that the CO, mitigation directly affects
concentrations of nanopowders. In another study by
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Shoeibi et al.,*> the environmental parameters of solar
desalination using thermoelectric were evaluated. The
results revealed that the use of a thermoelectric module
and heat sink increases the environmental parameters
of the system.

The employment of different methods, including
nanotechnology, phase change material, solar collector,
photovoltaic/thermal panels has considerable effects on
the water productivity of solar still. However, there is
none of the research work reported on solar desalination
using magnetic powder as a heat storage material to raise
the performance of the system. In this study, the impact
of magnetic powder on productivity improvement in
modified solar still (MPSS) was assessed on an energy,
exergy, and economic basis and compared the outcomes
with CSS. Black iron oxide magnetic powder was selected
to increase the adsorption of solar radiation. The black
iron magnetic powder simultaneously acts as a heat
storage material and a porous medium. The black iron
oxide magnetic powder increases solar radiation absorp-
tion, stores thermal energy during the day, and releases it
when the solar radiation is low. Also, environmental and
CO, mitigation analysis was conducted for the view of
environmental pollution reduction of solar desalination
system.

2 | EXPERIMENTAL ANALYSIS
This paper evaluated the performance of CSS and
modified solar. Black iron oxide magnetic powder with
a weight of 0.1kg was poured into the basin of the MPSS
to increase the water productivity of the system. Figure 1
indicates the MPSS and CSS schematic views. The
dimensions of modified and CSSs are the same. The
galvanized iron single-slope solar desalination was
constructed with a basin area of 0.5 m* with a thickness
of 0.004 m. The glass wool was used as insulation with a
thickness of 0.025m to decrease heat loss. The 0.005m
thick glass cover is 15° tilted (for Ongole, Andhra
Pradesh) and closes the top. It is also kept vapor tight
using a silicon sealant. Black paint was coated at the
basin of the device to enhance solar radiation absorption.
The water depth in both solar stills was 0.04 m at the
beginning of the experiments. The freshwater is collected
using a trough, which is fixed under the inclined glass
cover and then poured in the measuring jar. The
experimental view of MPSS is shown in Figure 2. The
experiments on modified and CSS were performed in
different days to increase the accuracy of the results.
The tests were obtained in Ongole (15.50°N 80.04°E),
India. The trials employed a solar still facing south. The

quantity of about 40 g of magnetic powder was used for 1 kg
of water in the solar desalination basin and the thermal
conductivity and magnetic field strength were observed at
7.7W/mK and 24 mT, respectively. The tests were carried
out during summer climatic conditions of April-2021 (from
9:00h to 18:00h). The measuring data such as various
temperatures, solar radiation, wind velocity, and productiv-
ity were noted for every hour intervals. A continual supply
of feed water flowed into the solar still to compensate for
water loss from the basin. Finally, the deposited salt content
was removed from the solar still basin.

3 | ASSUMPTION FOR ENERGY
AND EXERGY ANALYSIS

The following assumptions were made to find the energy
and exergy efficiencies of a solar still*:

« There are no vapor leaks.

« Kinetic, potential, and chemical impacts are not
considered.

« Saline water temperature
an hour.

» Inside the system, the temperature distribution is
considered to be uniform.

+ Heat leaks were ignored.

« The water depth remains constant.

« The solar irradiation strikes the basin directly.

remains constant for

4 | THEORETICAL BACKGROUND

41 | Energy analysis

The energy efficiency of solar desalination is observed
using the following relation*”:

—_ My X L
Ess T 4% ST X 3600 @

where m,, shows the hourly water productivity and is
calculated by the following formula:

heva,w—g(Tw - ’I:g) X 3600
my = I , (2)

where heyaw—g is the evaporative heat transfer coefficient
and is obtained by

(Pw - Pg)

heva w—g = 0.016hc,w_gm, (3)
w 8
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FIGURE 1 Schematic view of MPSS and CSS. CSS, conventional solar still; MPSS, modified solar still.
Where the h.,_, displays the convective heat The latent heat of vaporization is shown
transfer coefficient between glass and water and is by
shown by
L =2.4935 x 10% X [1 — 9.4779 X 10™*Ty,
(By — B)Ty + 273 | + 13132 X 107 X T,2 — 4794 X 10° X T3] (5)

Mew_o, = 0.884| T, — T, +
ewTe v 268, 900 — P,

“4)

for T, < 70°C,
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FIGURE 2 Experiment view of MPSS. MPSS, modified solar still.

TABLE 1 The uncertainty of measuring device

Equipment Accuracy Range Uncertainty
Kipp-zonen 1 0-5000 0.6
solarimeter
(Wm™)

Thermometer (°C) 0.1 —100 to 1300 0.06

Anemometer (m/s) 0.1 0-10 0.06
Volume meter (ml) 0.2 0-10 0.115

L = 3.1615 X (10° — 761.6T,,) for T, > 70°C.
(6)

4.2 | Exergy analysis
The exergy performance of a device is assessed to
quantify the energy losses in solar desalination.*®

The exergy output of a solar still:

Sy x 1 x (1 - 5222)

Ty + 273
Exout = EXeva = 3600 (7)
The exergy input of a solar still:
4 T, + 2
Exiy = Exe = Ag X SLx |1 — = x(%ﬁ’]
S
(®)
1 (T+273 )
+ x| 21
3 I
The exergy efficiency:
77 — ZEera
B 2EXxq ©)

BENA* VA, S SREGRAR S g e
g lron oxide magnetic
powder in solar still basin

Iron oxide magnetic powder
mixed with saline water

4.3 |

Uncertainty analysis

During the experimentation, K-type thermocouples
were considered to measure all temperatures such as
water, cover, ambient, and air vapor mixture with an
accuracy of +0.1°C. The solar irradiation was mea-
sured with a solarimeter with +1 W/m? precision. The
van anemometer measured wind velocity to +0.1 m/s
precision. The distillate was calculated using a
calibrated flask with +5 ml accuracy.

The uncertainty parameter was conducted on experi-
mental data. The standard uncertainty was calculated by
following formula®:

“= 5 10)

where a displays the accuracy of the measuring device
and u is the standard uncertainty. Table 1 shows the
experimental instrument uncertainties.

Holman®® estimated measurement uncertainty using
the precision of each measuring device, and the
appropriate equation is presented.

RV (orR Y oR Y
—WwW; + | —Wwy| +-- | —Ww,
ox 0% 0xy,
(11)

R denotes the function, w, denotes the entire
uncertainty, x denotes the independent variable, and
w is the independent variable with regard to the
uncertainty. Replacing the daily thermal efficiency into
Equation (11) gives the uncertainty of the thermal
efficiency by

1/2
w, =
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u(r)E,ss) =

2
J u? (mw)

2 0.5
] u? (Iss)l

L
(ASS X Yl X 3600

1
* [(Ass X Yl X 3600)
(12)

In addition, by replacing the exergy efficiency into Equation
(11), the uncertainty of exergy efficiency is obtained by

0.5
Exeva

1 2 2
u(gy) = [[Ex ] ‘u? (EXeva) + [ 2 ) -u* (Exg)

S

(13)

By computing the above equations, the highest
uncertainties related to energy efficiency and exergy
efficiency in solar desalination are 1.42% and 2.1%,
respectively.

5 | ECONOMIC AND
ENVIRONMENTAL ANALYSIS

51 | Cost per liter

The economic viability of a solar still is estimated at the
price of 1L of distilled water.”® The fixed annual cost
(FAC) of the device is obtained by>*

FAC = CRF x CC, (14)

where CC is the construction cost of the device. The
capital recovery factor (CRF) is assumed by

_ i@+
T 15)
Here, i is the interest rate of 12%, and n is 10 years
lifetime of solar desalination. The annual salvage value

(ASV) is shown by

ASV = SSF X S. (16)
The salvage value (S) is estimated by
S=02xCC. 17)
The sinking fund factor (SFF) is assumed by
i

SFF = m (18)

The annual maintenance cost (AMC) of the system:

AMC = 0.15 x FAC. (19)

The annual cost (AC) is estimated using the following
relation:

AC = FAC + AMC — ASV. (20)

The CPL of distillate is found by

AC

Here, P, represents the average annual freshwater
generation during 270 days.”> The payback period
(PBP) of the system is estimated by

Investments
PBP = Net earnings 22)
gs

5.2 | Exergoeconomic analysis

The exergoeconomic parameter was considered to opti-
mize the economic design of solar desalination with
considering the exergy analysis and is shown by**

(Eex)out

Ry, = ———
Ex C (23)

(Een)out

Ry, = ~—snsout
En \C (24)

where Rgy and Rg, present the exergoeconomic parame-
ter based on exergy and energy.

53 | CO, removal
The annual net amount of CO, reduction in the device is
achieved by Eproquce X 2 X 2 and is calculated by54

_ 2((Een)out X l’l)

Peoren = 1000 ’ (25)

_ 2((Eex)0ut X I’l) .

covex 1000 (26)

5.4 | Enviroeconomic parameter

The enviroeconomic parameter is extracted as the price
obtained by the CO, reduction during the lifespan of the
device and is shown by™*

Zco, = Zeo, X Peo,: 27

The value of CO, is about 14.5$ per ton.*’
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Profit cost ratio (PCR)

55 |

The BCR is a technique for the cost evaluation of the
device and is calculated by’>

UAB
PCR = —,
AC (28)

where UAB represents the present cost of the benefit.
The present cost of benefit in the device is calculated by
following formula>®:

UAB = M x POW, (29)

where POW displays the price of freshwater (supposed
0.10 $/L). The profit price ratio must be more than unity
so that the investment is efficient.

6 | RESULTS AND DISCUSSIONS

In the Ongole climatic conditions during the month of
April 2021, the experimentation results were observed for
the performance comparison.

6.1 | Variations of ambient parameters
Figure 3 illustrates the variations in solar irradiations and
wind velocity. It is noted that the solar radiation was
increasing from morning 11:00h to afternoon 14:00 h
during the experimentations. Afterward, it was reduced in
the evening from 16:00 to 18:00 h. During this time length,
the maximum solar irradiation was observed to be
9324 W/m? at 14:00h and the minimum value was
obtained at 18:00h as 34.2W/m?, respectively. In these
hours, the formation of clouds also plays a vital role in
affecting the intensity of solar irradiation, reducing the
system efficiency. Regarding wind velocity, the values
were ranging from 1.3 to 2.5 m/s during the experimenta-
tion. The flow of wind over the surface of the experiment
setup was unpredictable during the observation hours.
The curve formation denoted in Figure 2 is also not in the
predicted way. During the experimentation, the maximum
and minimum observed wind velocity was 1.26 and
2.47 m/s, respectively. Wind velocity's impact on the glass
cover's surface accelerates the condensation process,
which gives higher productivity.”’

Figure 4 depicts the variations in different tempera-
tures. During the experimentation, the observed maxi-
mum ambient temperature was 39.2°C at 14:00 h. It was
reduced gradually as solar irradiation reduces during
evening hours. Afternoon high glass cover temperature

1000 2.4

800 2.2

)
=]
S
1
T
N
<)

I

o

S
1

Solar irradiation (Wm?)
T
>

T
(o]
Wind velocity (ms™)

N

o

o
1

—k— Solar irradiation
—&— Wind velocity

L1.4

—7T 1 1 T T 1 1 1 1 17 1.2
8 9 10 11 12 13 14 15 16 17 18 19
Time (hrs)

FIGURE 3 Solar irradiation and wind velocity during the test

of 50.2°C was recorded (14:00h). The glass cover
temperature affects the internal water and air-vapor
mixture temperature. The uneven flow of wind also can
be the reason for influencing this glass cover tempera-
ture. It dropped over the day, as expected. The MPSS's
highest air-vapor temperature was 61.3°C, requiring the
use of magnetic material in the basin layer. In MPSS, the
noted air-vapor temperature was 13.3% higher than CSS.
It is understood that the heat accumulation at the surface
of saline water significantly improved the air-vapor
temperature in MPSS, resulting in a higher evaporation
rate. The saline water temperature in MPSS reached the
highest value of about 59.2°C during 14:00 h, resulted in
higher water output. As a result of the heat energy
contained in magnetic powder, the MPSS saline water
temperature was 11.9% higher than CSS. This has
increased evaporation and productivity in MPSS.

The convective and evaporative heat transfer varia-
tions in MPSS and CSS are depicted in Figure 5. The
convective heat transfer increased gradually from morning
to afternoon, peaking at 1.65 W/m?K in MPSS and 1.41 W/
m°K in CSS. The noted enhancement in MPSS was 14.5%
higher than CSS due to the surface heat of saline water
improvement by magnetic powder. The observed evapo-
rate heat transfer in MPSS and CSS was about 26.8 W/m’K
and 16.3 W/m’K, respectively at 14:00 h. This enhance-
ment in MPSS was 39.8% higher than CSS. Because of the
lower density of water vapor due to the magnetic field,
quicker evaporation and convection heat transfer occur
during increased solar irradiation hours.

6.2 | Variations of productivity

The quantity of obtained productivity was changed from
morning to evening hours throughout the day. The hourly



DHIVAGAR ET AL. | 3e
SCli
where science
meets business
T T T T T T T T T T
70 4 0.6 3.5
60 0.5+ [0
o~ r 1S
£ +25 2
50 - 2 04 Pz
2 L20 2
O £ 034 é
E’ 40 4 = F1.5 O
Pl 8 o
% s 0.2 . g
o 304 2> 1.0 2
Q. 3 S
g £ 0.1 Los E
) —— Water temperature (CSS) —— Hourly productivity (CSS) =3
— 20 —%— Water temperature (MPSS) Hourly productivity (MPSS) o
—— Ambient temperature (CSS & MPSS) 0.0 —*— Cumulative productivity (CSS) Loo
—— Glass temperature (CSS & MPSS) —— Cumulative productivity (MPSS) %
10 —k— Air vapor mixture temperature (MPSS) T T T T T T T T T T
T —— Air vapor mixture temperature (CSS) 8 9 10 11 12 13 14 15 16 17 18 19
Time (hrs)
0 -~ 7777777
8 9 10 1 12 13 14 15 16 17 18 19

Time (hrs)

FIGURE 4 Variations of different temperatures during

experimentation
20 —— T T — —TTT 30

1 T
b Los
c 164 €
s s
5 20 3
o =
2, 2
g g
= =
+ 15 ©
[0

] 2
S 08- ©
g’ E
3 A
o [o]
é Q
Q 0.4 —#— Convective heat transfer (CSS) g
&) —— Convective heat transfer (MPSS) -5 L

—k— Evaporative heat transfer (CSS)
—k— Evaporative heat transfer (MPSS)
0.0 ——T—T T T 0
8 9 0 M1 12 13 14 15 16 17 18 19

Time (hrs)

FIGURE 5 Variations of different temperatures during
experimentation

productivity was maximum during afternoon hours and
decreased when solar irradiation was reduced. Figure 6
illustrates variations in hourly and cumulative productivity.
It is proportional to solar irradiation. The maximum hourly
productivity was enhanced during peak solar irradiation in
both the solar stills. In MPSS, the maximum hourly
productivity was improved to about 580 ml at 14:00 h and
in CSS, it was about 470 ml only. The observed hourly
productivity in MPSS is 18.9% higher than CSS due to the
heat storage effect and magnetization observed using
magnetic powder. This also happens due to the raise in
water temperature in MPSS. In this way, the magnetic
powder absorbs maximum solar irradiation in the basin
region, increasing water temperature. The higher heat

FIGURE 6 Hourly and accumulative productivities of the
device.

buildup for water vaporization in MPSS occurs due to
enhanced heat transfer between saline water and cover.
The study found that MPSS with magnetic powder
outperforms CSS. Both solar stills reached their peak
combined productivity at 14:00 h. These were 3.26 kg/m>
for MPSS and 2.24 kg/m?* for CSS. The collected productiv-
ity in MPSS was 31.2% higher than in CSS.

6.3 | Energy and exergy efficiencies

The variations of energy and exergy efficiencies are
depicted in Figure 7. The impact of magnetic field
exhibited in MPSS energy efficiency compared to CSS. At
14:00h, MPSS reached its peak energy efficiency of
around 28.5%. Afterward, it was reduced as solar energy
was reduced. The highest energy efficiency in CSS was
about 23.1% which is 18.9% lower than MPSS. The stored
energy influenced by the magnetic field significantly
enhanced the energy efficiency in MPSS than CSS.
Furthermore, it is denoted that using magnetic powder
has increased the exergy efficiency in MPSS when
compared to CSS. The hourly exergy efficiency for both
solar desalination was increased from the start of the
experiment to 14.00 h. In MPSS, it was about 4.2% which
is 19.04% more than CSS. The maximum exergy
efficiency in CSS was 3.4%. In general, for all solar stills,
the exergy efficiency is poor.

6.4 | Economic and environmental
viability

The economic analysis was used to assess the cost-
effectiveness of MPSS and CSS, which is illustrated in
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T T T T T 5 Table 2. The basin and glass cover are cleaned regularly
%0 to prevent corrosion. These charges were considered in
. L4 the capital cost estimate. The CPL of productivity in
o MPSS was evaluated at 0.019 $, which is 26.9% lower
—_ 7 + — .
R 204 il L3 than CSS. Furthermore, the estimated PBP for MPSS and
& o g CSS was about 3.2 and 4.3 months, respectively. The
X
'é 151 & s § increase in solar irradiation and productivity reduces the
. ® 4 CPL and PBP considerably.”’
g ¥ ® g @ . g Table 3 presents the exergoeconomic parameter in
w5 " 2 T T . ® w the lifespan of 10 years and interest rates of 12%. As
N % X Exergy eficency (CSS) " observed, the exergoeconomic parameter in the MPSS
0 — o with exergy and energy base was higher than CSS, due to
UM D S A A AN A R T high fre{shwater production of the solar desahnatlop with
Tirnehrs) magnetic powders as an energy storage media. As
observed, the exergoeconomic parameter of MPSS and
FIGURE 7 Variations of energy and exergy efficiencies CSS with energy base was equal to 33.1 and 24.56 kWh/$,
respectively.
Table 4 shows the CO, reduction and enviroeconomic
parameters of solar desalination for a lifespan of 10 years.
TABLE 2 CPL analysis of CSS and MPSS As observed, the CO, reduction of MPSS was improved
e —. css MPSS by approximately 45.53% compared to CSS, due to highe
fresh r f the solar lination with magneti
- 81798 8849 eshwater output of the solar desalinatio W't ag et.c
powders. The outcomes showed that the enviroeconomic
Clie Lty i parameter of MPSS and CSS was about 163.1 $ and 386.4
FAC 14.47$ 15.66$ $, respectively.
S 16.35 17.69
SFF 0.056 0.056
G TABLE 4 Environmental and enviroeconomic parameters of
0.91 0.99 MPSS and CSS
AMC 2178 2343 Parameter MPSS css
AC 15738 17.04 $ Life time (years) 10 10
Pq 604.8 kg 880.2kg Annual energy generation (kWh) 526.3 386.4
CPL 0.026 $ 0.019% Annual exergy generation (kWh) 32.78 22.52
PBP 4.3 months 3.2 months CO, removal during lifespan (tons) 11.25 7.73
Abbreviations: CPL, cost per liter; CSS, conventional solar still; MPSS, Enviroeconomic parameter $) 163.1 112.1
modified solar still.
Abbreviations: CSS, conventional solar still; MPSS, modified solar still.
TABLE 3 Exergoeconomic parameter for MPSS and CSS
Annual nnual
(Een)out (Eex)out
Type n (year) i (%) (kWh) (kWh) AC (%) Rgn, (KWh/$) Rgx (KWh/$)
MPSS
10 12 562.3 37.78 17.04 331 1.92
CSS
10 12 386.4 22.52 15.73 24.56 1.43

Abbreviations: CSS, conventional solar still; MPSS, modified solar still.
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TABLE 5 Profit cost ratio of CSS
and MPSS

TABLE 6 The water output and
economic analysis of different system

Type of solar
still n (year) i(%) AC ($) POW ($) M (L/year) UAB ($) PCR
CSS 10 12 15.73 0.10 604.8 60.4 3.83
MPSS 10 12 17.04 0.10 880.2 88.4 5.19
Abbreviations: CSS, conventional solar still; MPSS, modified solar still.
Annual
freshwater CPL
Type of system References yield (L/m?) ($/L)
Pyramid solar still [58] 1510 0.021
Tubular using Parabolic [59] 92 0.29
concentrator
Stepped solar still using vacuum [60] 1360 0.039
tube solar collector
Solar still using thermoelectric [61] 438 0.13
cooling and solar collector
CSS This study 604 0.026
MPSS This study 880 0.019

Abbreviations: CPL, cost per liter; CSS, conventional solar still; MPSS, modified solar still.

Table 5 displays the profit cost ratio of CSS and MPSS.
The results revealed that conventional and modified solar
PCR still is more than unity. It can be seen that the profit
price ratio of MPSS was about 35.4% higher than
traditional ones.

Table 6 displays the CPL and water output in
different configurations of solar desalination. The
results indicated that the CPL for MPSS using magnetic
powder was lower than the other solar stills. Also, the
highest annual freshwater yield was obtained in
pyramid solar still, which was about 1510 L/m>.

7 | CONCLUSION

The use of different media as an energy storage material
is a technical method to obtain high water generation in
solar still. The present paper evaluated the performance
of the solar desalination device with magnetic powders as
an energy storage material. This modification leads to an
enhanced evaporation rate of saline water and increased
water productivity. Also, the energy, exergy, economic,
exergoeconomic, and environmental parameters of both
MPSS and CSS devices were compared. The MPSS and
CSS were tested in the identical climatic circumstances,
and the following conclusions were reached:

« The water temperature of the MPSS system was
improved by 11.9% higher than CSS.

» The evaporation and convection rates of the MPSS
system were increased by 39.8% and 14.5%, respec-
tively, compared with CSS.

« The black magnetic powder significantly impacts
water productivity and CPL of MPSS.

+ The use of magnetic powder in the water of MPSS raised
the cumulative productivity by 31.2% higher than CSS.

+ The CO, reduction of MPSS was improved approxi-
mately 45.53% compared to CSS.

« The maximum energy and exergy efficiencies observed
in MPSS were 18.9% and 19.04% higher than in CSS,
respectively.

« The enviroeconomic parameter of MPSS and CSS was
about 163.1 $ and 386.4 $, respectively.

+ The CPL of MPSS and CSS found was found to be 0.026
and 0.019 $/L, respectively.

« The PBP for MPSS is approximately 3.2 months
compared to 4.3 months for a CSS.

» The exergoeconomic parameter of MPSS and CSS with
energy base was equal to 33.1 and 24.56kWh/S,
respectively.

NOMENCLATURE

A surface area (m?)
AC annual cost ($)

AMC  annual maintenance cost ($)
ASV  annual salvage value ($)
CRF  capital recovery factor
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cc Construction cost ($)

CSS conventional solar still

E energy (W)

E, exergy (W)

FAC first annual cost ($)

h heat transfer co-efficient (W/m?K)
I(t) incident solar energy (W/m?)

K thermal conductivity (W/mK)

L latent heat of evaporation (kJ/kg)
m hourly distillate (kg)

MPSS magnetic powder solar still

P pressure (N/m?)

PBP  payback period (months)

PCR  profit cost ratio

POW  price of fresh water

R exergoeconomic (kWh/$)

UAB  present cost of profit

T temperature(K)

GREEK SYMBOL

n efficiency (%)
Beo, CO, mitigation (tons)
SUBSCRIPTS

a ambient air

c convection
eva evaporation

g glass

in input energy
out output energy
S sun

w water
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APPENDIX

The values observed in solving energy balance equations

are as follows:

5144
P, =exp|25317 — ——— |,
g P[ T, + 273] (A1)
5144
B, = exp|25.317 — ——— |,
v P [ T, + 273] (A2)
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