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ABSTRACT

In this study, the novel use of thermoelectric technology in solar desalination systems was experimen-
tally investigated. The new type of solar still with the thermoelectric generator (CSS-TEG) was proposed
to improve the water output and efficiency. CSS-TEG’s performance was assessed and compared with the
conventional one (CSS). Economic and enviro-economic assessments, as well as energy and exergy anal-
yses, were conducted based on the system parameters and measurements taken from the designed
experimental setup. The new system’s daily energy and exergy efficiency were obtained as 40.34% and
2.462% respectively, whereas, with the CSS one, they were 35.55% and 2.403%, respectively. The daily pro-
duction of distilled water from the CSS and the newly designed solar still with TEG was measured at
4313 g/m? and 4893 g/m?, respectively. In general, the estimated production cost of 1 kg of freshwater
from CSS was 0.055$, and CSS-TEG was 0.081$. Additionally, referring to the exergo-economic parameter,
CSS and CSS-TEG mitigated an average of 0.596 and 0.6132 tons of CO, respectively.

© 2023 THE AUTHORS. Published by Elsevier BV on behalf of Karabuk University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Being vital for life, freshwater resources are under threat of
overpopulation and increased industrialization along with water
pollution. Scarce resources of fresh water can also trigger a global
food crisis, as the agriculture and food industry mainly depend on
freshwater use. The supply and demand gap for drinkable water
rapidly increases each day and by the year 2030, it is predicted
to reach 40% gaps [1].

Desalination is the most widely used method for producing
fresh water. All desalination methods require energy input to pro-
duce fresh water from salty water. Although initial and operation
costs of the desalination systems change according to the type
and scale of the preferred system, the source of energy used
directly affects the cost of the desalination system as well as its
environmental effects. One of the best ways to decrease the costs
and environmental effects is to use renewable energy sources to
operate desalination systems.

Solar-powered desalination systems have a longer service life
with few numbers of moving parts and low maintenance needs.
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They can be installed at remote places with poor or no infrastruc-
ture or energy grid [2].

Studies on solar-powered desalination systems mainly focus on
increasing evaporation and condensation rates, recovering latent
heat of condensation, and increasing productivity and system effi-
ciency [3-6].

Enhancement of the distillate yield of the single-slope solar
stills remains a popular area of study for many researchers. Some
researchers used thermoelectric devices to boost solar still produc-
tivity. Esfahani et al. [7] fabricated and tested a new type of porta-
ble thermoelectric solar still. They used thermoelectric cooling
technology to increase distillate water output. They found that
the maximum efficiency during winter days was 13% and the aver-
age amount of daily output was 1.2 L/m2. Rahbar et al. [8] carried
out an experiment to investigate how a thermoelectric cooler influ-
enced the rate of condensation in the portable solar still. They sta-
ted that during the experiment period, the portable solar still had a
maximum daily efficiency of 7%. Rahbar et al. [9] carried out an
experimental analysis of utilizing the thermoelectric cooler in solar
still on the distillation performance in their designs. They com-
pared water production from the thermoelectric cooling surface
and the glass cover surface. They reported that the studied solar
still has a minimum and maximum daily water productivities
approximately 225 and 500 ml respectively. Al-Nimr et al. [10]
proposed a novel hybrid desalination system that consists of a
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PV module, upper porous layer, air gap, lower porous layer, and
thermoelectric cooler layer. They reported that the system pro-
duced 4.2 kg of water per day and had a 57.9% total efficiency.
Nazari et al. [11] investigated the effect of the copper oxide
(Cu0;) nanoparticles on the increased amount of evaporation and
a utilizing cooling channel with the thermoelectric for cooling
the glass cover to improve the condensation rate. Based on their
results, the system’s energy and exergy efficiencies were maxi-
mum enhanced by 80.6%, and 112.5% respectively, in comparison
to the conventional ones. Dehghan et al. [12] employed a thermo-
electric cooler to increase the temperature differential between the
condensing and evaporating zones in their modelling solar still.
This new type of thermoelectric-assisted solar still was mathemat-
ically modelled. They reported that the maximum value of energy
and exergy efficiencies of the thermoelectric assisted solar still
were about 55.1% and 2.9%, respectively. Rahbar et al. [13] experi-
mentally investigated the effect of thermoelectric heating on solar
desalination performance. They installed four thermoelectric mod-
ules at the bottom to warm the basin water. They reported that the
maximum solar still exergy efficiency of utilizing thermoelectric
heating was around 25%. Al-Madhhachi and Min [14] experimen-
tally investigated a water distillation system incorporating the
thermoelectric module. They investigate the influence of thermo-
electric input energy, evaporation temperature, and vapor volume
on the rate of freshwater output. According to their result, the
water temperature has a major effect on the productivity of distil-
late water.

The disadvantage of thermoelectric cooling-heating systems is
that they require energy to make a temperature difference. Based
on the Seebeck effect, a TEG directly converts a temperature gradi-
ent into an electric voltage. So far, electricity could be generated
from the difference in temperature between the condensate side
inside the solar still and the atmospheric air side by using the ther-
moelectric module. Pradip et al. [15] investigated evacuated tubes
coupled with solar stills (ETSC) and thermoelectric modules to
increase performance. They concluded that the proposed combined
TEG and ETSC system was capable of producing electrical energy
and heating the water simultaneously for remote area applications
and residential, with zero emissions. Shafii et al. [16] experimen-
tally studied the effect of using TEG and evacuated tube solar col-
lectors on desalination performance. They used a propeller fan to
increase convection in the solar still to increase the condensation
of water vapor. According to their results, the peak quantity of
freshwater production was approximately 1110 g/m%h and the
improved solar desalination system’s energy efficiency was 68%.

Changes in productivity amounts, energy and exergy efficiency
in studies on similar systems are given in Table 1.

Aberuee et al. [27] demonstrated a solar desalination system
with thermoelectric modules. The system was capable of produc-
ing electricity, fresh water, and warm water at the same time. They
stated that the suggested system generated 896 k] of electrical
energy, 177 kg of fresh water, and 29 tons of hot water from
960 M]J/day of solar energy. Al-Nimr et al. [28] used TEG in the bot-
tom of the basin, a PV cell module inside the still, and a finned con-
densation chamber to boost the pure water produced by the solar
still. The TEG was installed under the basin to generate electricity
by using the waste heat from the salty water. They indicated that
the system’s water output and electricity generations were
8.73 kg/day and 114.45 W, respectively, at 35 °C surrounding tem-
perature, 1000 W/m? solar radiation intensity, and 5 m/s wind
speed. Shoeibi et al. [29] experimentally investigated the effect of
using thermoelectric cooling for reducing top glass cover tempera-
ture and thermoelectric heating for increasing the basin water
temperature simultaneously on the distilled water production of
solar desalination. They reported that solar desalination with ther-
moelectric modules and air fans enhanced freshwater output, ther-

Engineering Science and Technology, an International Journal 40 (2023) 101362

mal efficiency, and exergy efficiency by 79.4%, 11.2%, and 45.7%,
respectively.

In this study, novel use of thermoelectric technology is used in
solar desalination systems. Condensation latent heat is used to
generate electricity via a thermoelectric module which is used to
power a fan motor in order to increase the evaporation rate by
forced convection. This new design with thermoelectric modules
and fans has been tested under real conditions and proved to
recover some waste heat and increased desalination yield.
Energy-exergy analyses along with economic and enviro-
economic analyses were conducted based on the system parame-
ters and measurements taken from the designed experimental
setup.

2. Experimental setup and theoretical analysis of the system
2.1. Experimental setup and procedure

The experiments were conducted with two similar single slope
basin type solar stills in Karabuk (longitude: 32°657E, latitude:
41°207 N). Two systems (Fig. 1), one is conventional solar still
(CSS), and the other is equipped with a thermoelectric module
(CSS-TEG), were tested for six clear days from May to July 2021
between 8:00 am and 8:00 pm. To design CSS-TEG, the condensa-
tion surface on the back wall of the solar still, which is the top
280 mm of the back wall was replaced with an aluminium plate
(2 x 280 x 1000 mm). Then a total of 32 thermal modules (4
rows x 8 columns) were glued onto this plate using thermal paste.
A second layer of thermal paste was applied onto the modules and
4 heat sinks in total were glued onto the modules to improve cool-
ing performance. 8 modules under each one of the heat sinks are
connected in parallel, and 4 groups of 8 modules are connected
in series. The output of this circuit is wired to a DC fan motor.

Thermoelectric modules in the experimental setup were
employed to recover some amount of the latent heat that was lost
during the condensation process. The thermoelectric generators
use the temperature differential to generate electricity with the
Seeback effect. Using a thermoelectric generator (TEG) some
amount of energy from vapor condensation was recovered and
converted to electrical energy, which was used to power fans
placed near the water surface inside the solar still to accelerate
the evaporation rate by forced convection. The novelty of this
study is using TEG-powered fans inside the solar still to improve
the evaporation rate by forced convection.

Technical specifications of the system components and design
parameters are given in Table 2. The systems were inclined 35°
south to enhance the quantity of solar energy hitting the surface
aperture [30]. The condensed water on the glass surfaces of the dis-
tillation system was collected in the channels with a 5° slope and
stored in the distilled water tank.

For all experiments, the basin’s water level was 5 cm, and the
total water volume in the basin was 50L. Saltwater samples were
obtained from the Black Sea. Prior to doing any experimental mea-
sures, the experiment was carefully organized, with water supplied
to the basin and the water level was set correctly. The amount of
freshwater collected was carefully measured and recorded. After
completing the daily experiment, the solar still system was pre-
pared for the next measurement day.

The synchronization of the two solar stills (before modifica-
tions) was tested to prove that the two systems are identical before
converting one of these stills to CSS-TEG. The two stills had the
same volume of water in the basin and their production rate, basin,
and water and glass temperatures were obtained for two days, and
the results show that the two solar stills were in good synchrony
before modification. After this synchronous test procedure, one of
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Table 1
Comparison between the productivity and efficiency (Single slope solar still).

Modifications Daily Productivity Productivity Improvement Energy Efficiency Exergy Efficiency Ref

Water depth 1 cm 1.485 kg - 30.96% 3.48% [17]
Water depth 2.5 cm 0.92 kg - 19.21% 1.81%

Conventional 2.940 L/m? - - - [18]
Using water sprinkler 3.541 L/m? 20% - -

Conventional - - 36.7% - [19]
Propeller inside basin - 17% 39.8% -

Conventional 0.595 kg - 27.17% - [20]
Using agitation effect 0.830 kg 39.49% 30.57% -

Conventional 3.357 kg/m? - 32.9% - [21]
Paraffin wax in basin 3.762 kg/m? 11.7% 37.10% -

Conventional 520 cc - - - [22]
Blades in the basin 545 cc 4.8% - -

Conventional 3.2 L/m? 18.16% 4.28% [23]
Multi-wick solar still 4.22 L/m? 31% 26.89% 5.31%

Conventional 1.873 L/m? - - - [24]
With vertical fins 2.322 L/m? 24.19% - -
With inclined fins 2.375 L/m? 26.77% - -

Conventional 3.75 kg/m? - 24.93% 1.69% [25]
Using fins in basin 5.08 kg/m? 35% 32% 2.81%

Conventional 4.539 L/m? - 44.09% - [2]
Using fin in condenser 4.705 L/m? 5% 45.70% -

Conventional 2.15 kg/m? - 22.7% 2.4% [26]
Circular magnet in basin 2.82 kg/m? 23.7% 23.2% 2.8%
Rectangular magnet in basin 3.15 kg/m? 31.7% 24.4% 2.9%
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Fig. 1. Experimental setup of the CSS and CSS-TEG.
Table 2
Technical specifications of the solar still.
Specification Dimensions Specification Dimensions
Glass cover area (m?) 1.18 Basin tank dimensions (galvanized) (cm) 100*100
Glass thickness (mm) 4 Height of still from the ground (m) 0.20
East-West Side glass area (m?) 0.34 SP1848 Thermoelectric Modul (mmxmm) 40x40
Height of basin, (m) 0.22(lower height)0.90 DC fan motor 1.2 V and 0.4A
(higher height)
The slope of glass (°) 35 Propeller dimension (mm) 21

the CSS was converted to CSS-TEG, and experiments were carried
out.

The range and accuracy of the measurement equipment used in
the study are illustrated in Table 3. The temperature of ambient air,

Table 3
Technical description of measurement devices.

Measurement devices Range Accuracy ()
Data acquisition system (Adam 4019 +) -

Pyranometer (3120) 0-2000 W/m? +3% W/m?
Anemometer (Testo 435) 0-20 m/s +4% m/s
Thermocouple (K type) 0-200 °C +0.1 °C
Measuring jar 0-500 ml +5 ml

glass cover, water, water vapor, basin, and thermoelectric module
surfaces were measured using calibrated K-type thermocouples
linked to a data module (Advantech Adam 4019+). A Solar 3120-
type pyranometer was used to measure the solar radiation on
the system’s surface. At the same frequency, wind speed and dis-
tilled water output were measured using a portable anemometer
and a graduated cylinder, respectively.

2.2. Theoretical analysis of solar distillation system

Compared to other designs, the single basin solar still is
the least expensive and easy to fabricate [31]. Basin-type solar
stills analysis will be simpler to understand, and the concepts
developed from the investigations can be adapted to other
designs.
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2.2.1. System performance

Solar still works simply by allowing sun radiation to reach the
bottom surface, where it is heated and water evaporation begins
via heat transfer. There are several variables used to evaluate the
thermal performance of the solar still system in terms of the
amount of freshwater produced per unit of energy spent.

Hourly solar still efficiency is determined by the freshwater dis-
tillate by multiplying the latent heat of evaporation and dividing
by the quantity of incoming solar radiation gathered at the same
time interval. The following equation has been used to determine
the performance of a solar still system which also means the
instantaneous thermal efficiency of the solar stills during the
experiment time [23,32].

_ S e * hyg
SSEETI(E) # Ag + 3600s.h 7

N; (1)

The latent heat of evaporation was calculated [31] by;

hy =2.4935 % 10° « (1 — 9.4779 10 * % T,,

2
+1.3132% 107 % T2 —4.7974+10° « T3) — T,, < 70 @)

where m,,, is the accumulated freshwater (kg/h), hy is the latent
heat of evaporation (kJ/kg), I(t) is total solar intensity (W/m?), As
is the effective solar energy receiving area (m?),T,, is the water tem-
perature in the basin and ET is the experiment time. It is necessary
to calculate the intensity of solar radiation on each wall.

1(6); = Ae x I(£), + Aw x I(£),, +Ag x I(t), 3)

The solar radiation on any tilted surface can be conservatively
calculated using the isotropic diffuse model [32]. The top glass
cover allowed the most solar radiation into the solar still, empha-
sizing the importance of the top glass cover in delivering thermal
energy for the evaporation process. The improvement might be
attributed to taking configuration parameters into consideration
when radiation transfers are calculated more precisely.

The daily energy efficiency for CSS and CSS-TEG was deter-
mined after the experimental work. To calculate the overall ther-
mal efficiency of both stills, equation (4) was employed [20,33].

_ Z rhew * hfg
SOI(t) # A + 3600s.h !

Also solar still with thermoelectric generators efficiency is
defined [34];

n (4)

N = D ey * hfg + Prec
SOI(t) = Ag = 3600s.h "

In the previous equation, Pygg indicates the energy generated at
the system’s output that is not utilized within the system. If gener-
ated electricity was used to run a fan, air pump, or other equip-
ment within the solar still to boost the water output, the thermal
efficiency could be determined the same as the conventional one.

(5)

2.2.2. Exergy analysis

Energy efficiency provides a quantitative assessment of how
much energy is successfully used in the desalination process.
Understanding all aspects of energy utilization in processes
requires more than energy analysis. So exergy analysis must be
performed on every thermal system in order to have an efficient
design. Exergy analysis, as compared to energy analysis, provides
a better understanding of how closely overall performance
approaches ideal. An increase in irreversibility raises entropy gen-
eration while lowering system exergy efficiency. Therefore, all
components of the equipment must have less irreversibility [35].
Exergy is a unit of measurement for energy quality that is
described as the highest amount of useful work that may be
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accomplished as a system approaches equilibrium with a reference
environment [36].

The solar still exergy efficiency could be defined as the ratio
between the exergy of the product to the exergy input of solar radi-
ation [31].

_ Exp.ro.duct 6)

Exin
In reality, part of the evaporated water drop into the basin after
condensation on the cover, therefore the calculated exergy produc-
tion from the experimental data could be lower than the calculated
values. Exergy product in a solar still is the result of evaporation of
saline water and condensation of vapor. Hourly the solar still
exergy output can be found as [37];

Mlew * g {1 (Ta+ 273)}
(36005.}1’]) (Tw +273)

Ex

Exproduct =

(7)

where is the hourly distillate water (kg/h), h, is the latent heat of
evaporation (J/kg), T, is the ambient air temperature (°C) and T,,
is the basin water temperature (°C).

The solar still utilized in the study distills saltwater using solar
energy obtained on the surface of the still, and the exergy input of
this system can be expressed as;

EXin = MewEXgw + EXSU" (SS) (8)

The exergy is lost because of the heat loss from the solar still to
the outside. Assuming the seawater is at a thermodynamic dead
state (ms,Exsy = 0) the exergetic efficiency or second law efficiency
can be found as;

1w x EXey

9)

nEx EXsun
For CSS-TEG, since the required energy for the fan is provided by
TEG from the condensation process, the exergy input of CSS and
new type solar still are only the exergy of the solar irradiation
(Exsun)- The solar still’s exergy is derived by multiplying the incom-
ing solar radiation by the Petela expression [38];

EXqun(SS) = I(t); * {1 _4 <Ta + 273) +1 (Ta + 273)4} (10)

3 Tsun 3 Tsun

where [ (t)r is total solar irradiation on the glass cover of the solar
still (W/m?) and T; is the solar radiation temperature 6000 K, and,
the above equation can be simplified as;

Exin(SS) = () » 0.933 an
Exergy efficiency of the solar still;
Tew _ (Tq+273)
(360051 1) e [ (TW+273)]

Mex = I(t); x {1 _%<TT+£) +%<%>4}

2.2.3. Economic and enviro-economic analyses

Economic analysis is used in desalination systems to assess the
cost of 1 L of distillate water. Furthermore, enviro-economic anal-
ysis is a policy strategy that encourages the use of renewable
energy to minimize carbon emissions. The capital costs of a solar
still have an impact on the cost of producing water and the sys-
tem'’s exergoeconomic outcomes. Aside from capital price (P), cap-
ital recovery factor (CRF), fixed annual cost (FAC), annual salvage
value (ASV), annual maintenance cost (AMC), average annual water
production (M), annual cost (AC), and sinking fund factor (SFF)
must be considered as the primary variables in a detailed economic
analysis of solar desalination units [7].
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In this regard, the capital recovery factor (CRF) can be deter-
mined as [39];
i(1410)"
(1+D)" -1
where, i is the interest rate (10% in Tiirkiye) and n represent the pro-

jected operational life of the system which is considered 20 years.
The first annual cost of solar desalination (FAC) becomes;

FAC = P x CRF (14)

CRF = (13)

Capital cost (P) can be estimated by adding the costs of utilized
materials such as galvanized steel sheet, glass cover, spray paint,
TEG, heat sink, DC fan, etc. as well as labor costs.

In this study, the capital cost (P) is equal to 150 $ for the tradi-
tional unit and 250 $ for the new type of solar still (100$ for the
heat sink, and 32-piece TEG and 2 fans). By assuming that the sys-
tem salvage value (S) is equal to 20% of the capital price and the
sinking fund factor (SFF) and annual salvage value (ASV) is
obtained [7];

SFF = TR (15)

ASV =SFF x S (16)

Annual maintenance cost (AMC) of the system includes; gather-
ing fresh water, wiping the glass cover, and DC fan maintenance.
AMC is estimated to be 15% of the FAC in this case;

AMC = 0.15 x FAC (17)

As a result, the annual cost (AC) of the solar still system is
obtained by;

AC = FAC + AMC — ASV (18)

Eventually, the pricing of distilled water per liter (CPL) could be
estimated as follows;
AC

CPL = i (19)
where M is the annual water production per square meter of the
solar desalination system.

A solar still payback time is calculated using the following equa-
tion [34,40];

MxS,
In {(st,,)iji)}
In(1+1)

where Sp is the selling price of distillate water.

The enviro-economic analysis is part of economic analysis that
focuses on environmental issues. Its goal is to determine the sys-
tem’s performance in using renewable energy sources and reduc-
ing CO, emissions into the environment. The enviro-economic
analysis is carried out by calculating the cost of carbon emissions,
which is nearly 0.96 kg per kWh of electricity. Moreover, due to
transmission and distribution losses caused by inefficient equip-
ment, the CO, output per kWh is equal to 2 kg. The CO, mitigation
from the solar desalination system considering the energy and
exergy approach is given by [29,41];

®g,CO, = (Eproduct X Tl) X l/f (21)

Pg = (20)

D COy = (EXoue x 1) X Y (22)

where \ is the CO, emission (2 kg CO,/kWh) caused by the use of
coal to generate electricity and Exout is the exergy output from
the solar distiller per annum. For the high and low commitment
scenarios, the international carbon price (zco,) is between 16 $/
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tCO, and 13 $/tCO,. As a result, for the enviro-economic study,
the mean value of 14.5 $/tCO, is used [42]. The environmental cost
(Zco2) is calculated using the provided equation by Rajoria et al.
[42];

ZE,-,C02 = Zco2 X (Dc02 (23)

ZixCOy = Zco, x OpCO, (24)

2.2.4. Error analysis

In experimental measurements, uncertainty is split into two
categories: random errors and systematic errors. The present study
presumes that the data measurements are uniformly distributed,
so systematic error is used for uncertainty analysis [8]. Kline and
McClintock [43] proposed an equation for calculating the uncer-
tainty of experimental data.

R \2 R N1
w, = |:<0X1W]> 4+t (E)fxiwl) ] (25)

where x represents the independent variable, R represents the func-
tion and w, represents the total uncertainty. By substituting the
energy efficiency into the Eq. (25), the uncertainty of energy effi-
ciency can be determined by [8];

a;/Ienergy : 67]energy 2 a17energy :
W(’/Ienergy) = {(W X me> + < 8hfg X Whlg) + (T(t) X W[(r)>

(26)

12

1/2

2
2
(Wr:;;)z + (V:;g) + (;/Vl(fz)) (27)
w fg (©)

W(nenergy) = Nenergy X

Using the above-mentioned equations, the uncertainty in daily
energy efficiency is predicted to be roughly 0,24%.

3. Results and discussion

The energy, exergy, economic and enviro-economic (4E) behav-
iors of a CSS-TEG were studied experimentally under real environ-
mental conditions. There is no study in the literature that gives an
analysis of a CSS-TEG using an air circulating fan unit, including 4E
analyses. The experimental study was carried out over several days
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Fig. 2. Hourly measured temperatures and solar radiation CSS.
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Fig. 3. Hourly measured temperatures and solar radiation CSS-TEG.

during the 2021 summer. The studies were performed at 5 cm
water depth in the still basin. Figs. 2 and 3 demonstrate the varia-
tion of solar radiation and the measured temperatures during the
experiment. The highest solar intensity reached 864 W/m? around
13:00 and the maximum ambient temperature was 32,1 °C.

Fig. 3 clearly show that the TEG and fan system had a consider-
able influence on the still temperatures. The water and glass tem-
perature in CSS-TEG were lower compared to that of CSS. The
maximum Tw and Tg observed with CSS-TEG were 54.2 °C and

48 °C respectively, whereas, with CSS, they were 58°C and
48.6°C, respectively.

Fig. 4 shows that the difference in temperature between the
TEG’s hot and cold sides was low in the morning, then increases
by the solar irradiance, and decreases in the afternoon as the solar
radiation weakens. When the temperature difference between the
cold side and the hot side increases, the TEG begins to produce
enough voltage to run fans. The fans started running after 11 am
and operated until 5 pm because of the temperature difference
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Fig. 4. Hourly wind speed, the ambient and TEG surface temperatures.
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between TEG surfaces. The highest temperature difference among
the module surfaces was recorded at 15.9 °C around 2:00 pm,
and maximum electricity was generated by TEGs. Fans increase
the evaporation rate by introducing forced convection mechanism
into the still. Continuous circulation of the air over the water sur-
face reduces the relative humidity near contact surface and creates
negative partial pressure hence increasing the rate of evaporation
and the quantity of freshwater distilled.

As seen in Fig. 5 the amount of output water was low in the
morning because solar radiation and ambient temperatures were
low. The hourly production of the stills reached their peak values
at 17:00. The daily average distillate production rates of CSS and
CSS-TEG were 3263, 3853 g/m? during the day and 1060, 1040 g/
m? during the night, respectively. The daily productivity of the
CSS-TEG increased by 13.44% relative to the CSS.

Fig. 6 and Fig. 7 show hourly variations of energy and exergy
efficiency for CSS-TEG and CSS. The results demonstrate that the
energy efficiencies for both solar stills began by zero at 8:00 since
there was no production at the start of the experiment and instan-
taneous efficiencies slowly increased with time. The quantity of
solar irradiance falling on the system diminishes near the time of
sunset, however, the distillation process continues because of
stored the energy in the system. As a result of this, the highest
hourly energy and exergy efficiencies are seen during this period.
On the basis of daily energy and exergy efficiency, the CSS-TEG
has outperformed in comparison to the CSS. The daily energy and
exergy efficiencies calculated for CSS-TEG were 40.34% and
2.462% respectively, whereas, for CSS, they were 35.55% and
2.403%, respectively.

In desalination plants, the economic analysis of the system is a
key indicator of the acceptability of the model. Table 4 gives the
cost analysis of the solar still. The primary goal of the manufactur-
ing process and operation costs to keep as low as possible. The
enviro-economic analysis finds solutions for lowering the environ-
mental effect associated with the whole system.

It should be noted that to calculate annual production and the
annual exergy outputs, the daily average the exergy outputs and
productivity of the experimented day multiplied by the number
of clear days throughout the year [44]. Karabuk city has 82.9 clear
days in a year [37]. The yearly exergy outputs have been calculated
as 14.97 kWh for CSS, and 15.33 kWh for CSS-TEG. The exergoeco-
nomic parameters for CSS and CSS-TEG were 0.43 kWh/$ and 0.44
kWh/$ respectively. Referring to the exergo-environmental
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parameter, CSS and CSS-TEG mitigated on average 0.596 and
0.6132 tonnes of CO, respectively. The unique solar still reduced
CO, emissions more than the conventional still because of its
greater exergy outputs during its lifespan.

4. Conclusions and recommendations

The effects of utilizing TEG used to power a fan motor in the
conventional single slope solar still are experimentally investi-
gated. The aim of this study was to determine the effect of TEG sys-
tem on the still's performance. The water productivity, energy and
exergy efficiency of two solar stills are compared. An economic
analysis is performed to evaluate the overall cost of the system
as well as the payback period.

Some of the significant conclusions of this work are below:

e As for the studies presented in Table 1, it can be seen that the
improvement in productivity, energy and exergy efficiency val-
ues range from 5 to 40%, 18 to 45%, and 1.69 to 5.31%
respectively.

e The highest productivity time period of solar still is from
1:00 pm to 5:00 pm.

e The average daily productivity of CSS and CSS-TEG were 4313 g/
m? and 4893 g/m? respectively.

e The unit productivity increases with air circulation in the solar
still.

e The variations in hourly energy and exergy efficiency follow a
similar pattern.

e The daily energy and exergy efficiency of CSS-TEG are about

40.34% and 2.462% respectively, whereas, with CSS, they are

35.55% and 2.403%, respectively.

Estimated cost of distillate water by CSS and CSS-TEG systems

are 0.055 and 0.081 US$/kg respectively.

e The environmental cost of CSS and CSS-TEG systems, also
known as the enviro-economic parameter, is calculated to be
0.0298 and 0.03066 ton of CO, reduction per year and is esti-
mated to be 8.642 and 8.8914$ respectively for 20 year service
life.

Further studies may include and focus on the following subjects

e Using an air bubbling device instead of circulation fan to
increase water evaporation.
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Fig. 5. Hourly and cumulative water productivity of CSS and CSS-TEG.
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Fig. 7. The hourly exergy efficiency of the CSS-TEG and CSS.

e Using an air bubbling and air circulation together to improve
water productivity.

o The temperature difference between the thermoelectric hot and
cold surface can be increased. The module’s cold side can be

redesigned to come into contact with the cold water running
system.

e TEG can be used on conventional desalination systems with
passive condenser to increase system productivity.
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Table 4
The results of cost analysis for the study.
Parameter CSS CSS-TEG Unit
M 357.5 405.6 kg/m?
i 10
n 20
CRF 0.117 0.117
P 150 250 $
FAC 17.61 29.3 $
S 30 50 $
SFF 0.017 0.017
ASV 0.52 0.872 $
AMC 2.64 4.404 $
AC 19.73 32.89 $
CPL 0.055 0.081 $/kg/m?
Zixcoz 8.642 8.891 $
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