Journal of Renewable Energy and Sustainable Development (RESD) Volume 11, Issue 2, December 2025 - ISSN 2356-8569
http://dx.doi.org/18.21622/RESD.2625.11.2.1449

Received: 09 July 2025 Accepted: 01 September 2025 Published: 21 September 2025

A Comprehensive Experimental, Numerical, Economic, and
Environmental Evaluation of an Innovative Solar Still Design for the
Desalination of Najaf Seawater
Yasir Fayez Youssif !, Mohammed Alfahham *, and Hassanain Ghani Hameed ?

123 Al-Furat Al-Awsat Technical University, Engineering Technical College/Najaf, Najaf, Iraq

muntadher.saeed2@yahoo.com, coj.moh@atu.edu.ig, hassanain.hameed@atu.edu.iq

Abstract

Solar stills are generally characterized by their low production cost and ease of installation and operation. Its low
productivity is the deciding factor in its limited widespread use. In this study, a monoclinic solar still with a polygonal
absorber plate and an arc-shaped back side(PASS) was fabricated and tested. The new design makes the most of the
curved back side by installing a wall reflector, which maximizes the concentrated solar radiation on the base. We
compared the performance of the presented model (PASS) with the conventional one (CSS). Both models are made from
the same raw materials and have the same absorbent plate area. To ensure the accuracy of the results, a specially
designed numerical program was developed using COMSOL Multiphysics V6.3. The results showed a close agreement
between the numerical model and the experimental results. In practice, the new enhanced design increased yield by
approximately 175.3% compared to the conventional model, resulting in a 68.21% reduction in the cost of producing one
liter and a 265.43% reduction in carbon emissions treatment costs.

Index-words: Advanced Solar still design, Najaf Sea, Fresh water production, Renewable
desalination technology, PCM, energy-water nexus.

Nomenclature Subscripts

A area (m? a ambient

CSS Conventional solar still b basin

cp specific heat (J/kg K) C convection

h heat transfer coefficient (W/m?2K) d daily

Hf Front height of still (m) S Sky

Hr Rear height of still (m) e evaporation

I solar radiation intensity (W/m?) g glass

k thermal conductivity (W/m K) r radiation

m mass (kg) ins insulation

P productivity (kg/m?) w water layer

T temperature (C°) T transmissivity

t time (sec) p density (kg/m?3)

U heat loss coefficient (W/m? K) o Stefan-Boltzmann's constant (W/m?K*)
X thickness (m) £ emissivity

hrg Water latent heat of vaporization (é) n efficiency (%)

Toun Sun temperature S} angle of inclination (Degree)
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I Introduction

Water scarcity has become one of humanity’s most
critical global challenges due to human and urban
growth [1]. With the turmoil in energy market
prices, the increase in demand, and the associated
climate challenges, all of this has reinforced the
trend towards using environmentally friendly
energy. Wilson tested the first real solar distillation
device in 1883 [2]. Later, researchers studied many
designs to develop the solar stills [3-8]. Velmurugan
et al. [9] experimentally increased the yield by 75%
when they used a corrugated absorption plate and a
layer of waste rubber, sand, and marble mixture. The
study by Hadj et al. [10] had a yield enhancement of
about 105% due to their use of wall-mounted trays
filled with sand and an internal reflector. The use
of the double-slope design resulted in an increase in
yield by about 57.83% [11]. Davra et al. [12] were able
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Various studies presented by many researchers
have noted that the geometric shapes used are
conventional, double, cylindrical, spherical, conical,
and others.

In this research paper, a unique design of a single-
slope solar still is proposed through an experimental
study of a polygonal base solar still with an arc side
and a comparison of the results obtained with a
conventional still under the climatic conditions of
the Najaf Sea region, Iraqg.

Compared to previous literature, the large inner
wall of the model is utilized through a curved design
and is configured to support the vertical reflector
mounted on it. This enables the use of multiple
improvers, resulting in a 175.3% yield improvement
compared to conventional trailers (CSS).

to practically increase overall efficiency by 86.57%

II.

Experimental setup

using a stepped design enhanced with a layer of raw
paraffin. A conventional solar still combined with a
passive condenser can enhance yields by 30% to
150% [13]. Adding nanoparticles to the absorption
surface of a conventional distiller resulted in an
increase in the output value by 17.06% [14]. Abdullah
et al. [15] used an internal copper heating tube to
increase the total production of the conventional
still by about 76%. Saha et al. [16] presented an
experimental study that included using a double-
slope vacuum design and pure paraffin as a heat
storage material, which increased the output by
about 63% compared to the conventional design. Z.
Xu et al. [17] designed and tested a multi-stage solar
still with an output boost of about 75%. Many studies
have been presented, including the extent to which
the operation of the solar distiller is affected in terms
of production and efficiency by the surrounding
environmental climatic conditions [18, 19]. Devagar
and Mohanraj [20] presented an economic analysis
that estimated the expected lifespan of a solar still
operating at full efficiency for ten years. Through
environmental analysis, the study showed that
using solar distillation reduced pollution by
approximately 14.1 tons and saved $338.4 in energy.
The best productivity can be achieved at a raw
water depth of 1-2 cm [21]. Several studies have
been presented that list the most important factors
affecting the efficiency and performance of solar
stills [22-24].

The test model was designed to consist of an 8 cm
thick cork container containing a uniquely shaped
absorbent base, as shown in Figure 1. A 4 mm thick
glass cover is placed at a 32.1-degree angle on top
of the cork box. Figure 2 shows a schematic of the
device in use with its accessories. Inside the cork
container, we placed a 1 mm thick 0.25 absorber
plate and a matte black galvanized iron plate. The
saline level inside the basin was adjusted to 1 cm
using a small cylindrical mechanical float.

In accordance with the latitude of Najaf, Iraq, and
at a tilt angle of 32.1 degrees, the upper tilted glass
cover layer is securely attached using transparent
heat adhesive.

Through a 4 crn diameter plastic channel fixed under
thelower end of the glass cover, the condensed water
drops are collected and delivered to a graduated
collection flask placed at the balance level.

Three different instruments were calibrated
and used to measure the temperatures of the
various system components and the atmospheric
conditions of the experiment. The first instrument
was a Hit-HT-9815 electronic thermometer, which
reads temperatures via an array of connected
thermocouples. A Metravi-207 was used to measure
solar radiation intensity, while a PCE-420 was used
to estimate wind speed.
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Figure 2: Schematic diagram of the practical experiment.

A. Vertical wall reflector specifications

As shown in Figure 3, using inexpensive, highly
reflective aluminum foil attached to the curved
vertical wall of the cork structure from the inside,
the internal reflector allows for greater solar
radiation concentration onto the black absorber
surface. Increasing the radiation concentration on
the absorber plate raises its Temperature, which
raises the Temperature of the turbid water layer it
contains, causing a rapid increase in the amount of
steam produced and, consequently, a higher yield of
fresh water.

Figure 3: Solar still with internal reflector.
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B.
sand

Aluminum pipes filled with Najaf sea

A set of one-centimeter-diameter aluminum tubes
was extracted from the scrap yard at Najaf Technical
College, filled with gray sand from the Najaf sea,
and tightly sealed at both ends. The tubes were
completely coated with a matte black varnish, and
the five tubes were placed inside the turbid water
tank, as shown in Figure 4. Because the opaque tubes
have good thermal storage capacity, they help heat
the water longer after sunset, increasing the yield.

C. Aluminum tubes filled with Iraqi
paraffin wax mixed with graphite powder

As shown in Figure 4, from scrap metal, we used
five 1cm diameter black aluminum pipes after
filling them with Iraqgi paraffin wax mixed with
graphite powder extracted from the remains of
graphite pens and car brake linings. The graphite
was combined with the wax at a ratio of 10%. Table
1 shows the physical properties of the paraffin wax
blend versus the graphite-wax mixture. Graphite
increases the thermal conductivity of the paraffin

Volume 11, Issue 2, December 2025 - ISSN 2356-8569
http://dx.doi.org/18.21622/RESD.26825.11.2.1449

wazx, increasing the mixture’s ability to absorb and
deliver heat, reducing heat loss, and making the
system more sensitive to energy. The presence of
this mixture works to exploit thermal energy for the
longest possible time after sunset. It enhances the
evaporation and production processes, increasing
the system’s efficiency.

Figure 4: Polygonal solar still enhanced with black-filled
heat storage tubes.

Table 1: Physical properties of paraffin wax blend versus graphite -wax mixture [6, 25]

Specification Paraffin wax Graphite graphite -wax mixture
Density (kg/m3) Psslid = 880 2100 1002
Pliquid =770
Specific heat (Cp) (J/kgK) 2000 765 1876
Thermal conductivity (W/mK) k=02 0.75 0.26
Viscosity (u) (Ns/m?) 0.001exp(-4.25+1790/T) | --—---- 0.0778
Latent heat (L) (//kg) 0 | 144
Melting Temperature (oC) 56 |- 56

D. Use of hollow hexagonal fins

AsshowninFigure5,twenty-fivenutsareseamlessly
welded to the absorber plate. These nuts are 2 cm in
diameter and 1 cm thick, have a 1.2 cm hollow core,
and are fully coated with black thermal varnish.
These fins increase the contact area between the
absorber plate and the turbid water layer, which
contributes to transferring a greater amount of heat
to the turbid water layer, thereby reducing heat
evaporation time and increasing the water yield.

Figure 5: Polygonal solar still enhanced with hexagonal fins.
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E. Use of a layer of Limestone

As shown in Figure 6, Limestone extracted from the
Najaf Seawater shelf is characterized by its physical
and chemical stability. It has good conductivity,
does not dissolve or decompose easily in water,
and does not alter the appearance or taste of water.
Moreover, it is widely available. We used a layer of
Limestone approximately 1 cm thick to cover the
black absorption plate. The stone effectively absorbs
heat during the day and releases it at night. It also
increases the contact area with the brine layer,
which stimulates the heating and evaporation of the

solution, increasing the yield.
>

Figure 7: The polygon solar still that uses a layer of burnt
date pits.

G. Use of Thassos stone

The addition of Thassos stone within the expanded
collector channel enhanced the creation of a thermal
gradient within the system, as shown in Figure 8. The
stone has a cool porous structure, which facilitates
greater and faster steam condensation and prevents
steam accumulation within the enclosed area,
thus enhancing production and preventing steam
retention.

Figure 6: Polygonal model reinforced with Limestone.

F. Using a layer of burnt date pits inside
the turbid water basin

Using a 0.5 kg layer of burnt date pits, a 0.8 cm thick
layer is formed inside the brine layer of the solar
still, as shown in Figure 7. This addition enhances
the thermal storage capacity of solar radiation
due to its dark color. The porosity between the
pits significantly increases the absorption surface
area, which positively impacts the evaporation
rate of seawater and, consequently, increases the
production yield.

Figure 8: The model is equipped with an enlarged collection
channel filled with Thassos stone.
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III. Steps related to the application
aspect

From a raised plastic tank, seawater flows through
transparent, flexible tubes with a diameter of 0.5
cm into the solar still's absorber plate. A mechanical
cylindrical float adjusts the seawater level inside the
still to 1 cm.

Asthe incoming solar radiation reaches the absorber
plate through the transparent cover and raw water
layers, as shown in Figure 9, the Temperature of
the absorber plate begins to rise over time due to
the increasing amount of solar radiation. Crucially,
conduction transfers heat from the absorbent black
plate to the seawater layer. This causes the water
layer to gradually warm up, leading to increased
evaporation over time. Due to the temperature
difference between the glass and the vapor at the
inner surface of the inclined glass cover, the vapor
condenses in the form of a film that slides toward
the lower end of the glass cover. The water droplets
sliding off the glass cover collect in a 2 cm diameter
plastic channel securely attached at the slanted
lower end of the cover. Due to the channel’s slanted
attachment, the water droplets slide out to collect in
a balanced graduated glass flask.

Figure 10 showsthe local ambient climate conditions
of the Najaf Sea region on April 18,2025 (the day and
location of the experiment). The experiment lasted
from 8 a.m. to 10 p.m., with hourly measurements
of various temperature variables, production values,
and meteorological parameters (solar radiation
intensity, local wind speed, and air temperature).
Figure 11 and Table 2 show a site-specific listing
of the measuring equipment used in the practical
experiment. The presence of a plastic control valve
under the absorption plate serves as a continuous
cleaning operation to remove accumulated dirt from
the use of Najaf seawater.

Under the same conditions and specifications, the
performance of the proposed model (PASS) was
compared with that of the conventional model with
a square-based, the same area of the black absorber
plate, as shown in Figure 12.
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Figure 9: A flowchart of the solar still system is presented in

this study.
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Figure 10: The climatic conditions surrounding the Najaf Sea
area during the practical testing of the model on 18/4/2025.
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Figure 11: Mounting points of various measuring equipment
used in the practical aspect.
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Table 2: Mounting points of various measuring equipment used in the practical aspect

Solar radiation sensor | Anemometer | Water collection bottle

Measuring tool Thermocouples Digital thermometer
Action point 1-5 6

7 8 9

— Beaker S

Figure 12: Real models are used in practical experiments.

IV. Mathematical analysis of the
model

Using COMSOL Multiphysics V6.3, a three-
dimensional numerical analysis was performed to
predict the temperature values of the absorber plate,
seawater layer, transparent cover, and pure water
yield values in each hour, as shown in Figure 13.

A. Energy Analysis

1. Assumptions used to facilitate
numerical solution [26-29]

° No steam mass leaks out of the system at all.

° The flow within the system is only a laminar
flow.

° All variables are related to temperature
change.

2. Heat balance equations

The energy of an absorber plate represents the
algebraic resultant of the energy gained from solar
radiation minus the energy transferred to the water
and collateral losses [29, 30].

MpCp.b (%) = Ayllay — heyy (T, — T,,) — Up (T, — T)] (1)

The Temperature of the seawater layer represents
the algebraic sum of the heat gained from the
absorbing layer and the energy gained from solar
radiation, which is less than the amount of heat lost
(convection, radiation, and evaporation) to the glass
cover.

dT,,
My Cpw (?) = Ayllay + hepy (Tp — Ty)]

- Awhwg (Tw - Tg) - AwUms,w (Tw - Ta)

The heat gained by the cover from the seawater
(convection, radiation, and evaporation) is equal to
the heat lost by the cover outside the system.

MgCpg (%g) = Agagl + Ayhyy (T, — Ty)
— Aghygs (Tg o TS) —Aghcga (Tg B Ta)

By applying boundary conditioning, initial
parameters, and the effect of the real climatic
parameters of the study area on day 18-5, the
previous equations were solved to obtain the hourly
production value [31].

(3)
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[Tw_TE]

E; = - = Ryyg [hfg] (4)

hrg = 24935 X 10° x (1 —9.478 X 107*T,,, +
1.3132 x 1077T2 — 4.7974 x 107°T;)

(5)

Volume 11, Issue 2, December 2025 - ISSN 2356-8569
http://dx.doi.org/18.21622/RESD.26825.11.2.1449

While the thermal efficiency of the new device
(PASS) can be calculated as:

- E(Pd hfg:'
Naaity = 3500471,

(6)

Table 3 displays the real specifications and
characteristics of the model that the program uses.

Table 3: Specifications of the model parts required by the numerical program

Parameter Value Parameter Value Parameter Value
£g 0.88 ks (w/mk) 0.03 x(m) 0.001
Ty 0.9 CPw (J/kg K) 4190 Ps (kg/m?3) 7870
Ty 0.95 A, (m?) 0.25 a(W/m? K% 5.669x10°%
ap 0.9 Xg (m) 0.004 M, (kg) 25
a, 0.05 Cpb(J/kgK) 460 O (Degree) 321
ay, 0.05 k, (W/mXK 73 w 0.5
ot Uins Gzpd
Eyw 0.96
Time=13 h Surface: Temperature (degC) Arrow Volume: Velocity field Time=13 h Surface: Temperature (degC) Arrow Volume: Velocity field
L M
02 e "
0
0
03
02 . m
0.1
0
H
Y X
e Lo
PASS CSS
Figure 13. The numerical models prepared through this study.
3. Initial and boundary conditions at 101.325 kPa as the initial limit for the

To optimizethe programand obtainthemostaccurate
results, the simulation must begin with realistic and
specific initial and boundary conditions.

1. The initial seawater temperature was set at
20°C, which is consistent with the ambient
Temperature for the study day.

2. The initial atmospheric pressure was set

simulation.

3. At (t > 0), the no-slip condition is applied to

ensure realistic thermal equilibrium.

4. To ensure outstanding and realistic results,

the accompanying weather conditions
and how they interact with the external
boundaries of the model are considered.
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V. Comparison of the physical,
chemical, and biological specifications
between the water produced from
the distillation device and the water
of the Najaf Sea
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A physical, chemical, and biological analysis of the
available surface water in the Najaf Sea was carried
out and compared with the same specifications

VII. Discussion of the results
achieved

of the yield water produced by the device with
the innovative design. Table 4 shows an actual
comparison of this water.

Table 4: Specifications of water from the solar still compared
to Najaf seawater

Parameters Najaf Sea Distilled water
PH 30 7.3
TDS (mg/1) 37500 45
Negative HCO, 18000 57
Ions (PPM)

CI 84977 6

SO, 4081 4
Positive K 805 1
Ions
(PPM) Na 1045 6

Mg 11344 2

Ca 1763 6
Escherichia coli widespread | Not found

From Table No. 4, we note that the water produced
from the solar distillery has specifications that make
it suitable for human consumption.

VI

Uncertainties assessment

The error percentage for the various measuring
equipmentusedinthepractical aspect wascalculated
based on the general equation for determining
uncertainty [31, 32], as shown in Table 5.

of = Jafa +(%6x2)2+ +( 5x)2(7)

Table 5: Calculating the accuracy, range, and error of
measuring equipment (thermocouples, temperature reading
device, digital solar radiation reading device, wind speed
measuring turbine, and yield collecting flask)

No. | Equipment Accuracy | Range %Error
1 Thermocouples | ¥0.98c | 0-200°C 0.125
2 Thermometer +30C -100-1300°C | 0.45

Table 6 shows a real comparison of the experimental
products, including the maximum and minimum
temperatures of the water and glass layers and the
percentage of yield enhancement for the polygonal
model without and with improvements such as the
use of (wall reflector, aluminum tubes filled with
Najaf sea and/ or Iraqi paraffin wax, hexagonal fins,
Limestone, and burnt date pits).

Alltestedmodelswerecompared withaconventional
model manufactured with the same specifications,
materials, and absorption panel area.

Adding various enhancers to the (PASS) model
has also increased yields by varying amounts. The
outputs achieved listed that the maximum yield
improvement value was about 11.7, 23.48, 137.66,
35.1, 71.43, 57.15, 16.9, and 175.3% for (PASS, PASS-
PS, PASS-IR, PASS-HF, PASS-L, PASS-PG, PASS-DP,
and PASS-RLT), respectively, as compared to the
reference model.

The results showed that using a polygonal solar
still with an internal reflector, Limestone, and a
larger collection channel filled with Thassos marble
(PASS-RLT) produced about 175.3% more water than
a regular solar still (CSS). This is due to the use of a
vertical reflector, which increases the concentration
of solar radiation toward the absorber base,
raising its Temperature. The use of Limestone
also accelerates the absorption and evaporation
processes due to its porous structure and high
capacity for heat absorption. Meanwhile, the
Thassos stone laid in the collection channel increases
the condensation process due to its unique physical
composition, which gives it a cooler property. The
use of these improvers has significantly increased
the overall yield.

Figure 14 shows a comparison of the enhancement
ratios achieved in the current study with the
enhancement ratios of several different previous
designs compared to a conventional solar still.
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Table 6: Min. and max. Limits for temperatures and production enhancement values achieved through practical experiments.

Model type During high radiation ( 1002 w/m?) During low radiation ( 260 w/m?)

Tg (C) | Yield (ml) | %Increase in Yield Yield (ml) | %Increase in Yield

1 Conventional still 59.2 431 |77 Ref. 40.3 334 37 ----
(CsS)

2 Polygonal Solar still | 67.8 444 |86 11.7 427 33.6 42 13.52
(PASS)

3 Polygonal Solar still | 72.1 447 |95 234 46.5 34.2 46 24.35
with Aluminum
pipes filled with
Najaf sea sand
(PASS-PS)

4 Polygonal Solar 92.3 458 1183 137.66 50.8 34.4 67 811
still with internal
reflector (PASS-IR)

5 Polygonal Solar still | 74.8 442 | 104 351 46.4 34.5 44 19
with hexagonal fins
(PASS-HF)

6 Polygonal Solar still | 81.7 450 (132 71.43 474 35.2 60 62.2
with Limestone
(PASS-L)

7 Polygonal Solar 76.2 441 |121 57.15 49.9 35.2 65 75.7
still with paraffin
wax and graphite
powder (PASS-PG)

8 Polygonal Solar 68.9 447 |90 16.9 541 337 45 21.62
still with date pits
(PASS-DP)

9 Polygonal Solar 94.3 458 | 212 175.3 61 345 78 111
still with internal
reflector, Limestone,
and expanded
collection channel
filled with Thassos
marble (PASS-RLT)

Double Slope [34] Cylindrical [35] Spherical [36] Prismatic [37] Double Slope, PASS-RLT [ In this
Double basin [38] work]

Type of solar still

Figure 14: Production enhancement ratios of the model presented in this study, along with a group of models offered in
previous studies, are compared to a conventional solar still [34-38].
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Figure 14 demonstrates the significant superiority of
the improved polygonal solar still, which achieved a
175.3% increase in yield compared to the reference
model, making it superior to many designs presented
by previous researchers.

A. Effect of changing the tilt angle of the
vertical reflector on the amount of output
achieved

Under the climatic conditions of the Najaf Sea

1540 -
1530 +
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region, on 18/4/2025, a practical test was conducted
to determine the extent of the effect of the vertical
reflector tilt angle on the amount of fresh water
production.

The reflector was tilted at angles (0, 4, 8, and 12)
degrees relative to the column. The experiments,
conducted under the same weather conditions for
all models, found that the best output was 1529 ml/
day when the vertical reflector was tilted at an angle
of 8 degrees, as shown in Figure 15.

(IR_©=0Deg.)

(IR_©=4Deg)

(IR_©=8Deg) {IR_©=12Deg.)

Solar still (PASS)

Figure 15: The effect of the tilt angle of the wall reflector from the column on the production of the tested solar still (PASS).

B. Comparison between the results
obtained practically and the numerical results

By looking at the real experimental results and
comparing them to the numerical model created
with the COMSOL V6.3 software, which was made
for this specific task and under the same weather
conditions as the real experiment, the simulation

250

=l
=]
=}

150

100

Productivity (ml/0.25m2.day)
wn
[=]

w— Pr_(CSS_Experimental .
ey Pr_PASS Experimental
-*p ese *. .

results matched very well, with an error rate of no
more than 6%.

Figure 16 illustrates the comparison between the
actual output and the results from the numerical
simulation program, which was executed under
the same atmospheric conditions as those for the
practical experiment listed in Figure 10.

Pr_CSS_Nnumerical.
sesk e« Pr_PASS Nnumerical.

10 11 12

13

14 15 16 17 18 19 20 21

Time(hr)

Figure 16: Comparison of the practical and numerical productivity of the polygonal solar still (PASS) and the reference
conventional solar still (CSS).
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VIII. Economic analysis of polygonal

IX. Environmental analysis

Still (PASS)

Using the approved equations [39 and 40], the costs
are analyzed (C), and the economic viability of
the polygonal solar still is shown compared to the
conventional still, as shown below:

C = Fixed Cost(F) + Variable Cost(V) (8)

V=10x02xF 9)
Using Table 7, the manufacturing cost of the
practically tested models (PASS and CSS) was
calculated.

Cpass = 21 + (10 X 0.2 X 21) = 63$

Cess = 20 + (10 X 0.2 X 20) = 608,

The total daily freshwater yield is 1529 ml per 0.25
m? for the polygonal model and 464 ml per 0.25 m*
for the conventional model.

Since the device’s expected lifespan is 10 years
and the number of days the device is operating
is 300 days/year, the total expected yield during
the device’s expected lifespan can be 4587 liters/
m? and 1392 liters/m? for the polygonal (PASS) and
conventional (CSS) models, respectively.

More simply, the cost of producing one liter of fresh
water can be predicted as follows:

For the conventional model (CSS):
Sess _ %0 _ 00431 $ for one liter only.

1392 1392

And, for polygonal (PASS): Lses _ 2 _ 0.0137 $ for

4587 4587

one liter only.

Table 7: Costs of materials used to form parts of models used
in the practical experiment

Based on data from the Iragi Ministry of
Environment, the average carbon dioxide emissions
per unit of energy are estimated at 0.99 kg/kWh.
Using solar desalination reduces carbon dioxide
emissions by approximately 16.25 tons over the still's
estimated 10-year lifetime [40].

With energy losses during transmission and
distribution approaching 40% and household
appliance losses at around 20%, this simultaneously
raises CO, emissions to 1.58 kg/kWh [40].

A. Embodied energy

It is the energy consumed to produce or form a
particular part.

Table 8 shows the embodied energy(E},,) for all parts
of the working model [40].

Table 8: The embodied energy (E;,) for all parts of the
working model [40]

Cork structure 0.8kg| 28 224 (224

2 4mm thick 33kg |52 17.16 | 17.16
transparent cover

3 0.1 mm thick 14 12.4 17.36 | 17.36
galvanized iron sheet

4 Dark opaque paint 0.2 3.2 0.64 |0.64
Thermal silicone glue | 0.25 | 3.4 0.85 |0.85
PVC fittings 0.75 |201 15 15
Total 53.25 | 53.25

B. Co, emission

Using the equation below, the amount of carbon
dioxide emissions (Wc,,) can be predicted over the
lifetime of the presented model [40].

No. | Type of part Specifications Cost ($)
|| _ Embodied energy(E;;,)x1.58

1 Structure 0.11m? 6.5 6.5 ll-'caz — Still life (10)
2 4mm thick transparent | 0.35m? 3 25

cover . L L
3 | Basin plate 0.26m2 = = C. Reducing carbon dioxide emissions

. ; - B — , . . .

4 | Strips of aluminum foil | 0.5m 05 A measure of a country’s ability to cope with climate
5 | Blackdye 1 piece. 1 1 change, and denoted as 3co, [40]
6 Silicone adhesive 1 piece. 1 1
7 Plastic pipes 3 pieces. 2 2 [ Egut X n)— Em] 158

Total Cost 21 20 co, 1000 (11)
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And, Annual energy production
(E ) _ vearly yield x hfg (kWh)

out 3.6 x10°
D. Carbon credit earned (CCE)

The concentration of carbon dioxide in the air in a
given geographic area is one of the most important
indicators of the amount of emissions to combat
climate change.
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It can be calculated as follows [40-42]:

CCE = 3.,, X Average cost gained from

processing per ton of carbon (D) (12)

D = 203/ton of Coz mitigation, and 1$=1430ID (Dated
25/6/2025).

Based on the presented set of equations, Table 9 lists
the energy analysis and carbon pccroperty values of
the solar stills presented in this study.

Table 9: Energy analysis of the stills

PASS 458.7 53.25

296.82

8.414 4.606 131731.6

2 CSS 139.2 53.25

85.1

8.414 1.260 36048.73

As a result of this modern design (PASS), the cost
of eliminating carbon waste was reduced by an

estimated 265.43% compared to the reference model
(CSS).

X. Conclusion

Under the real climatic conditions of the Najaf Sea
area, Najaf city, central Irag, an experimental and
numerical study of a monoclinic solar still with
an innovative polygonal design was conducted.
To improve the production process, several useful
changes were made, including using a vertical wall
reflector, hollow hexagonal fins, Limestone, Iraqi
paraffin wax mixed with graphite powder, Najaf sea
sand, and burnt date pits.

Consequently, compared the obtained results with
the conventional model and came to the following
conclusions:

1 The new solar distillation unit makes greater
use of available solar radiation through a
concave inner wall design, allowing for the
installation of an internal reflector.

2. To achieve maximum productivity, a vertical
internal reflector is installed next to the
curved wall at an 8-degree angle, further
concentrating radiation toward the black base.

3. Aluminum tubes filled with paraffin wax
mixed with graphite powder or filled with

Najaf sea sand were used as heat storage
materials inside the raw water basin.

4. The raw Najaf seawater supplies the entire
system. As is well known, the productivity
of a distiller operating with highly turbid and
polluted seawater is lower than that of less
turbid and less saline water.

5. It was also shown that the intensity of solar
radiation is directly proportional to the value
of the achieved production, as the value of the
practically achieved production approaches
the value of the theoretical results obtained
by computer.

6. Practical experience showed that the daily
output achieved by the polygonal still was
1529ml/0.25m?, while the conventional still
achieved a daily output of 464 ml1/0.25m? Thus,
the polygonal model achieved an increase in
daily production of about 229.53% compared
to the conventional one.

7. The use of 0.25 kilograms of paraffin wax
enhanced with graphite powder, packed in
tightly closed tubes and immersed in a basin of
water, had an effect on enhancing production
by 57.15%.

8. The new design offers a significant reduction
in the cost of producing eachliter of fresh
water by approximately 68.21% compared to
the conventional model.

http://apc.aast.edu
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10.

As a result of this modern design (PASS), the
cost of eliminating carbon waste was reduced
by an estimated 265.43% compared to the
reference model (CSS).

The new design provides broad possibilities
for future experiments for researchers to
develop the model and test more parameters
that would increase the production quantity,
such as using more methods for cooling the
glass cover, such as mechanical vibrations
or cooling using compressed gases, or testing
larger sizes of external solar reflectors, etc.
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