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1. Introduction  

       Given the depletion of freshwater resources, the 

continuing global demand for it, and the 

accompanying climate change, especially in regions 

with persistent aridity, water and energy are the 

primary resources for sustaining life on this planet 

[1, 2]. Many water desalination devices have been 

developed and manufactured, but most of these 

devices and systems require energy to operate. 

 
A B S T R A C T 

While solar stills represent a sustainable solution for water desalination, their practical 

application is often hindered by modest productivity rates. This study presents a novel 

design aimed to enhance daily productivity through a double-basin configuration with 

a single condensation surface that separates the two. Peltier units enhance the 

condensation process by transferring heat between the two basins while 

simultaneously generating power. The redesigned setup, utilizing the upper basin as a 

water source, enhanced water extraction by increasing the condensation rate on the 

glass surface, as determined by productivity, absorption temperature, and generated 

voltage. The maximum water yield was recorded between 12:00 PM and 1:00 PM, 

reaching approximately 0.479 L/hour, corresponding to a thermal gradient of about 

17˚C. The daily yield was recorded at 0.8 L/day, 1.328 L/day, and 1.770 L/day for the 

system without the upper basin, with the Peltier unit basin, and with the Peltier unit 

basin coupled with a distillation basin, respectively. These results represent 

productivity enhancements of approximately 66% and 121%, respectively, indicating 

that the final modification significantly outperformed the conventional solar still by 

221% in terms of overall daily output. 

 
 
 
 
 
The maximum open-circuit voltage of 3.456 V and 13.83 V was obtained using 
four Peltier units and four Peltier basin groups (16 units), respectively, under the 
same conditions. 
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Energy is mostly obtained from fossil fuels or 

nuclear energy, which contribute to environmental 
and health problems over time. The remaining 

energy comes from renewable energy sources such 

as solar, wind, wave, and tidal energy[3,4]. The 

percentage of water on Earth is approximately 71%, 

but 97% of that is saltwater, which is unsuitable for 

drinking or irrigation. The remaining 0.3% 

represents fresh water on our planet, including polar 

ice [5,6].The sun is the most abundant energy 

source. It can be harnessed for desalination purposes 

through the use of various solar thermal collectors.   

       Solar radiation is absorbed and converted into 

usable thermal energy. Desalination is a practical 

and revolutionary method for obtaining potable 

water in most regions of the world. There are two 

methods for achieving this: direct and indirect. The 

simplicity of this approach offers several 

advantages, including ease of manufacture, low 

maintenance costs, non-polluting, and environmental 

friendliness [7, 8].  

   Solar desalination is a method of extracting salt 

and dissolved solids from seawater or saline water 

using solar radiation to make the water suitable for 

drinking. The two ways (Evaporation and 

condensation) are considered basic principles of 

solar desalination methods. Solar radiation incident 

on the surface of the solar still is transmitted to the 

basin where sea water is stored. 

    In most cases, the basin is made with a black sheet 

to increase the absorptivity and reflect only a minor 

amount of radiation to the environment.               

Then, the solar radiation raises the salt water 

temperature, thereby initiating the evaporation 

process. The evaporated water condenses on the 

glass top cover, and the condensed droplets of water 

are collected in an outer container as fresh water. 

The classification of solar desalination systems is 

determined by the amount of freshwater produced, 

and can be either small-scale, medium-scale, or 

large-scale [9,10]. Solar distillation devices are 

simple devices that require no manufacturing 

difficulties or constraints, despite their low 

production yield. Researchers have investigated new 

innovative methods and designs to enhance solar 

still productivity and thermal performance by 

increasing the evaporation surface area or heat 

transfer. Studies on desalination devices have 

explored various designs to achieve optimal 

distillation capabilities and high yields [11, 12] 

Sasongko et al. [13] designed a desalination 

system that included four electric Peltier units. A 

small, cubic container filled with water was placed, 

and the hot side of the Peltier units was connected to 

it on all four sides. The cold side of the units faced 

the wall of the other container, inside which the 

entire assembly was placed as a cylindrical 

condensing surface with a conical lid. It was 

observed that an increase in power supplied to the 

units results in a bigger temperature differential 

across the Peltier, hence augmenting the desalination 

process. At 40.5 watts, the temperature difference 

between the two sides was 70°C for the hot side and 

60°C for the cold side. 

Ashour et al. [14] utilized humidification and 

dehumidification using an evaporative pad with 

Peltier units for condensation. A Cledek 5090 

cellulose pad was used to increase the moisture 

content of the air pumped over the brine. The Peltier 

units then removed the heat from the air, allowing 

condensation to occur on the cold side. Results 

showed that the best performance was achieved at 9 

volts and an air velocity between 0.5 and 1.0 m/s. 

The daily water productivity was 1400 mL/day when 

it was hot and dry, and 1800 mL/day when it was 

cooler with high humidity 

  Al-Madhhachi et al. [15] used a 300 mL tank of 

sample water with connected tubes for bidirectional 

circulation.A Peltier distillation system was 

designed   to heat and evaporate water using the hot 

side and condense the cold side through an attached 

heat sink placed inside the container. Results show a 

distilled water rate of 28.5 ml/h, with an energy 

consumption of 0.00114 kWh/ml for an evaporation 

chamber filled with 10 × 10 × 30 mm3 of salt water. 

Al-Madhhachi et al. [16] designed a basin from an 

aluminum chamber mounted above a water bath. 

The cold side of the Peltier unit is positioned on the 

outer surface of the chamber as a tilted condenser, 

and the hot side is connected to a water-based heat 

exchanger to circulate the cold water through it to 

release the heat absorbed by the unit. To ensure 

stability, the water basin was operated at a constant 

voltage of 40 volts and a current of 0.25 amps to 

maintain the temperature of water at 50°C, while the 

thermoelectric unit was operated at a constant 

voltage of 10 volts and a current of 2 amps to 

maintain the cold side of the unit at 28°C. Water 

production increased and reached its maximum 

value when the temperature increased from 40°C to 

70°C. 

Hasanzadeh et al. [17] constructed a water 

desalination system integrated with Peltier units to 

enhance the condensation and heating process 

through a power supply. A desalination tank was 

used, and a heat radiator was installed inside the 

tank, along with six Peltier units. The thermoelectric 

units were installed and connected to a voltage 
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source to operate in two modes: the first used the hot 

side to increase evaporation, and the second used 

both the hot and cold sides to simultaneously 

increase evaporation and condensation. The results 

showed that using only the hot side of the solar 

thermal electric system increased freshwater 

production by 41.56%, while the simultaneous use 

of both sides improved production by 89.04% 

compared to the passive setup. 

  The performance of the solar stills suffers from low 

thermal efficiency and a gradual reduction of solar 

energy input over time due to dust accumulation. In 

addition, the elevated temperature on the condensing 

surface will reduce the condensation process. There 

is a lack of effective utilization of the temperature 

difference between the condensation surface and the 

temperature of the hot basin. Although many studies 

have attempted to improve solar stills through 

different modifications, there remains a lack of a 

comprehensive approach that integrates multiple 

enhancement techniques. The present study focuses 

on the development of a single-slope basin system as 

a new and innovative design to tackle several 

challenges, including the absence of direct solar 

radiation for heating, which has led to issues 

mentioned previously. The new design addresses the 

low condensing rate by reducing the temperature of 

the condensing surface and simultaneously 

capitalizing on the thermal gradient to generate 

electrical power. 

2. Thermal Performance Indicators 

Thermal concentration is very important because 

it’s the base factor for absorbed and transmitted heat. 

Figure 1 represents a schematic of the parabolic 

concentrator. Some equations describe the energy 

balance and parametric equations for the thermal 

absorber. The greatest influence lies in the 

concentration ratio of the reflected radiation and the 

geometric shape of the receiver. The concentration 

ratio is defined as the amount of solar radiation 

accumulated by a given solar concentrator. There are 

two concentration ratios [18, 19]. 

2.1. Optical Solar Concentration Ratio 

It is the ratio between the incoming energy on the 

reflective surface (Isur) and to radiant energy that 

reaches the absorber (Irec)given in equation (1) [19]: 

 

sur

rec

I
CR Opt

I
   (1) 

Geometric Concentration Ratio (CR): It is the ratio 

between the concentrator aperture area (Aa) to the 

receiver area (Arec). This relationship is expressed 

by equation (2) [37]: 

a

rec

A
C

A
  (2) 

 
 

 
Figure 1. Schematic diagram of the geometrical 

parameters of the solar dish concentrator system 

 

3. Peltier Device and Structure 

  A Peltier or thermoelectric power unit is a 

device designed to operate in reverse order, using 

cooling and heating. It can be used as an electrical 

power generator by the temperature difference of the 

two sides, or as a cooler for various applications by 

passing direct current through it. Each application 

differs in its implementation, requiring analysis 

based on data of thermal consumption, energy 

production, energy consumption, and economic 

costs [20,21]. 

A thermoelectric generator converts heat into 

electrical energy through the Seebeck effect.       

When two different conductors form a closed circuit 

through connections maintained at different 

temperatures, an electromotive force (EMF) is 

generated, resulting in an electric current.                   

      This property can be employed for solar energy 

applications, heat from fuel cells, waste incineration, 

industrial dryers, and heat from automobile exhaust 

[22,23]. A Thermoelectric module is electrically 

arranged by two thermoelectric pairs (N–type and P-

type semiconductor pellets) that are thermally equal. 

Ceramic plates are surrounded by semiconductor 

pairs. Thermoelectric semiconductor materials are 

alloys of Bismuth Telluride; most thermoelectric 

materials are accessible alloys for various 

applications, such as (PbTe, SiGe, and Bi-Sb) pairs 

[24,25]. The common semiconductor material with 
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dissimilar electron density is Bismuth Telluride 

(Bi2Te3). This module contains pellets of the Bi2Te3 

semiconductor that are electrically coupled in a 

serial configuration consisting of both P-type and N- 

type elements semiconductors, but aligned in a 

parallel manner with respect to heat transfer [26]. 

The outer shell of the pelletizer is made of a ceramic 

material, most commonly aluminum oxide, which 

boasts excellent mechanical properties, as well as 

acting as an electrical insulator and having a good 

thermal conductivity [27]. 

4. Materials and Methods 

4.1. Desalination System 
 

       The experimental investigation aims to examine 

the effect of incorporating an upper water basin for 

the lower basin, while cooling the condensation 

surface that separates the two basins, and 

simultaneously utilizing the temperature gradient to 

generate electricity. The experiment parts used in 

this study are displayed in Figure 2. The geometric 

dimensions of the basin, its size, and the slope of the 

collection surface affect the effectiveness of a 

single–basin solar still, as shown in earlier research 

[28, 29]. A larger basin enhances the volume of 

collected water per operational cycle, whereas a 

higher inclination angle of the condensing surface 

promotes a more efficient flow of the water into the 

collection basin. This configuration of solar stills 

offers several notable advantages, including low cost 

and ease of construction for domestic applications. 

In the present study, a parabolic dish concentrator 

was employed and fabricated from steel and covered 

with flexible glass mirrors possessing a reflectivity 

of 95%. These mirrors were precisely cut into 

appropriately sized pieces and attached to the 

concentrator surface using a high-adhesion glue. 

Table 1 represents the geometric dimensions of the 

parabolic concentrator. 

 

Table1.Geometric information of the parabolic 

concentrator 

Geometric Parameters                                   Value 

Diameter of (PD) (d) 1.12m 

Surface Collection of the parabola 0.98m2 

Focal distance (f) 71cm 

Depth of parabola (h) 11cm 

Rim angle 47 

f/d 63.4cm 

 

The receiver consists of a copper tube with an inner 

diameter of 1 cm, wrapped in rings with a diameter 

of 14 cm. It is extending for a distance of 50 cm 

before entering the heating basin. The system 

operates under a natural circulation, the receiver 

entering the heating basin for 15 cm in a U-shape 

configuration before exiting outward. Where the 

water passes through the pipe from the receiver into 

the basin and then exits from the other direction, and 

thus the process is repeated with an increase in the 

absorbed heat. The experiment is conducted at   

(8:00 AM to 3:30 PM) over three consecutive days 

(28-30 of August). 

   The heating element was placed inside a 
container filled with glass wool and covered with 
raw aluminum foil to prevent heat dissipation to the 

surroundings. The heating basin was constructed 

from galvanized iron with dimensions of (70 x 45 

cm), a lower edge height of 15 cm, and an upper 

edge height of 50 cm. The same structure was 

applied to the upper basin, which was mounted on a 

glass base (condensing surface). The upper basin 

serves as a drainage unit, allowing water to flow 

downward to the lower basin as the water level 

drops. Figure 3 presents a simplified diagram of the 

solar still with its dimensions. To minimize heat 

losses from the hot basin to external ambient 

conditions, (5 cm) of insulation glass wool with a 

thermal conductivity of 0.045 W/m2 was positioned 

between the hot basin and the external insulating 

cover. Thermal silicone was used as a bonding 

material between the upper basin and the separator 

surface (condensing surface), as well as in the 

heating basin to prevent any possible leakage of 

liquids or vapor to the outside. Various instruments 

were employed to monitor the parameters affecting 

the solar still's performance.  A temperature was 

measured with a laser thermometer with a scale 

between (-50 – 550 ˚C), as with a model of 

Benetech-Gm321, the temperature was measured at 

six points, and the temperature was compared with a 

calibrated thermocouple to determine the error rate, 

which did not exceed ±1°C. The temperature of the 

water in both the upper and lower basins is measured 

directly based on the temperature of the water 

surface, and the solar radiation device was (Sm 206-

solar model with a specified error of ±10 W/m². As 

well as a wind speed measuring with an anemometer 

device (WT-816A).  The generating voltage was 

measured with a multimeter device (DT-9205A 

model). 
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Figure 2. Experimental parts :(a) Upper basin (external water), (b) Hot basin, (C) Upper and hot basin, (d) 

concentrator, (e) Receiver, (f) Peltier units, (g) Experimental devices (laser thermometer for temperature  

data, Anemometer (air velocity), solar radiation device 
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Figure 3. The double basin system of a solar still 

 
4.2. Heat transfer analysis 
 

  Convection heat transfer can be divided into 

two principal types: steady transfer and transient 

transfer. Steady transfer refers to a condition in 

which the transfer rate remains unchanged with 

time, whereas transient transfer describes a state in 

which the transfer rate evolves and varies over time 

and is time-dependent. The steady-state heat transfer 

is not correlated with time derivatives, making it 

easier to handle. With certain assumptions, transfer 

can be reasonably treated as operating under steady 

state conditions. In a solar still, heat transfer can be 

categorized into two types: the internal processes 

and associated external interactions.  

The internal heat transfer is the conversion of 

absorbed energy into increased temperature of the 

basin walls, brackish water, and phase change. The 

external transfer includes energy dissipation via the 

basin walls and the cooling effect on the outer 

surface of the basin’s top cover. The thermal energy 

flux across a given surface by convection (q conv) 

with respect to the data collected on the day, where 

(TWater) denotes the temperature of water and (TGlass) 

represents the temperature of glass, is calculated by 

equation (3) [30, 28]: 

 conv water glassq hc A T T    (3) 

 

The hourly exergy efficiency (ηexergy, hour) and the 

daily exergy efficiency (ηexergy, day) of the system are 

given by equations (4) and (5) [28]: 

 

exergy hour out inExergy Exergy,   (4) 

, Σ Σexergy hour out inη Exergy Exergy  (5) 

 
4.3. Heat transfer inside the solar still 

 

a) The convective heat transfer: convection 

transfer between the water and the inner condensing 

surface /glass (Qc,wg) caused by the temperature 

gradient existing between them. The process 

includes a free convection of humid air between the 

water and the inner surface of the glass. This process 

is dependent on the temperature differential between 

the condensing surface and water; this relationship 

can be represented by the following equation (6)   

[31, 32]: 

 
Where hc,wg , can be expressed by equation (7) [31]: 

 

 c wgh T
1/3

, 0.884 Δ  (7) 

 

 c wg c wg b w gQ h A T T, ,     (6) 
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    where ∆T represents the temperature 

difference between the condensing surface (Glass) 

and water, which can be written in terms of Pwater 

and Pglass, which are the partial vapor pressures at the 

temperatures of the water and glass surfaces, 

respectively. 

b) The radiation heat transfers between the water 

and the glass cover (Qr, wg) can be expressed in terms 

of the equivalent radiation heat transfer coefficient 

(hr), as shown in equation (8) [30]: 

 

 r wg r wg w w gQ h A T T, ,     (8) 

 
The coefficient representing radiative heat 

transfer from the water to the glass can be found 

from the Stefan-Boltzmann equation as follows [30]: 

Where: 
σ: Stefane-Boltzmann constant (5.67 ×10-8)w/m2 .K4 

Aw: The total area of the water basin surface (m2)   

ε effective: The effective radiative interaction 

parameter between the water surface and glass, 

which can be expressed by equation (10) [30]: 

effective

w g

ε

ε ε

1
1

1 1
 



 
(10) 

c) The evaporative thermal exchange occurring 

between the condensing surface and water (Qe,wg): 

Inside the hot basin, water evaporates due to heat 

transfer, rising as water vapor, which then begins to 

condense on the glass surface, releasing heat. This 

mechanism reflects the energy loss due to the 

transition phase, and can be quantified as in equation 

(11) [33]: 

 e wg e wg w w gQ h A T T, ,     (11) 

The evaporative thermal exchange occurring 

between the glass surface and water is correlated to 
the coefficient of convective heat transfer, as   

described by equation (12) [34]: 

 

 

 

 

   From equations (11) and (12), the coefficient of 

evaporative heat transfer from saline water to the 

condensing surface (glass cover),it  can be written as 

in equation (13) [33]: 

 

w g

e wg c wg
w g

P P
h h

T T
, ,0.01623

 
  

  

 (13) 

When solar energy strikes the surface of the 

receiver, it will raise the temperature of the receiver 

higher than the ambient temperature, then heat will 

suffer losses through radiation, convection, and 

water evaporation in the lower basin of the solar 

still, it can be represented by the equation (14) [34]: 

 

per cv ray evapQ Q Q Q    (14) 

where, Qcv is the heat losses by convection, Qray 

represents heat losses by radiation, and Qevap is heat 

losses by water evaporation. 

4.4. Electric system 
 

Thermoelectric devices were used to study the 

generation of electricity by exploiting the 

temperature difference between the lower basin 

(heating basin) and the upper basin filled with water. 

The Peltier units were examined to investigate the 

effect of thermal variation on heat generation 

through two main concepts: 

Firstly, the upper water basin was utilized for water 

desalination. The hot side of the Peltier unit groups 

was positioned on the external surface of the thermal 

condenser, while the cold side was oriented inside 

toward the water. To maintain operational stability 

and prevent material degradation, the setup was 

covered with an aluminum sheet. 

Secondly, each assembly, consisting of four Peltier 

units, was positioned beneath the base of small 

aluminum basins filled with water (23 x 14 cm). The 

hot side of the assembly is placed in direct contact 

with the glass surface condenser to facilitate heat 

transfer and enhance evaporation performance. 

Figure 4 illustrates the mechanism of electricity 

generation using a Peltier device integrated with the 

two water basin.  

 

   

 

w g

r wg effective

g w

T T
Q ε σ

T T

22

,

273.15 273.15

546.3

 
   

  
  
 

 (9) 

 e wg c wg w w gQ h A P P, ,0.01623     (12) 
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Figure 4. The current generation with temperature 

differences between the two sides 

 
    The heat transfer process begins from the hot side 

to the cold side of these systems (Peltier modules). 

The experiment is conducted from 8:30 AM to 3:30 

PM. The voltage and temperature difference data are 

documented at intervals of 30 minutes to find the 

efficiency of the Peltier unit. 

 

4.5. Data analysis and software 
 

The experimental data collected were processed and 

analyzed using Microsoft Excel, which was 

employed for data organization, basic calculations, 

and preliminary plotting. Further graphical 

representation and detailed data analysis, including 

curve fitting and statistical evaluation, were 

performed using Origin 2023. These tools facilitated 

accurate interpretation of the experimental results. 

5. Results and Discussion 

5.1. The absorbed temperature 
 

       Solar radiation measurements were carried out 

from 8:00 AM to 3:30 PM in the study area, Iraq 

(Salah al-Din/Baiji), located at a latitude (35.018) 

and a longitude (43.445) during the last three days of 

August in 2025. Figure 5 shows the temporal 

variation of solar radiation intensity, showing 

relatively consistent values on clear days. Radiation 

intensity increased gradually in the morning 

reaching higher values between 12:00 PM and 3:00 

PM. The peak solar radiation recorded was 970 

w/m2, corresponding to the highest intensity period, 

and then begins to decrease. A similar study was 

conducted by the researcher [18]. 

 
 
Figure 5. Solar radiation with local time, (28,29,30) 

August 

 

       The initial stage of the distillation process was 

conducted without an upper water basin, utilizing a 

glass condensing surface. The overall distillation 

efficiency was relatively low for several reasons, 

primarily due to the small temperature gradient 

between the heating basin and condensing surface, 

which resulted in limited heat transfer and reduced 

vapor generation. At the onset of the heating 

process, the rate of thermal absorption was minimal; 

however,as solar radiation increased, the evaporation 

rate correspondingly rose due to the absorbed energy 

by the receiver. This behavior represents a direct 

proportional relationship between evaporation and 

solar intensity; the same behavior was observed in 

previous studies [33,35]. Figure 6 illustrates the 

relationship between the measured temperature as a 

function of time. 

  
Figure 6. The relation between of measured 

temperature of the hot basin and time 
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   In the second stage of the distillation process, a 

combined system consisting of a hot basin (lower 

basin) and a cold basin (upper basin) was utilized. 

The cold basin served initially as a water source for 

the hot basin. Peltier modules were installed on the 

upper basin to transfer heat from the hot basin to the 

upper basin. Figure 7 illustrates the thermal variation 

of the different parameters over time.  

 
 

Figure 7.The relation between the measured 

temperatures with time 

 

      From Figure 7, it is evident that there is a 

temperature gradient exists between the hot basin 

and the upper basin, which contributes to enhancing 

the condensation process [8, 36]. In addition, the 

upper water temperature remained relatively stable 

throughout the day, with only a slight increase 

observed. In both cases, using a lower water basin 

alone or the upper water basin integrated with Peltier 

modules, the maximum temperature was recorded 

between 12:00 PM and 2:00 PM. Wind speed ranged 

between 2- 3.5 m/s, which is a significant factor 

influencing the desalination process [28]. 

      The maximum temperatures of the lower and 

upper basins reached 52°C and 36 °C, respectively. 

The condensation surface temperatures were 49°C, 

38°C, and 35°C for the system without the upper 

basin, with the upper basin, and with the upper basin 

coupled to the Peltier modules, respectively. It is 

evident that Peltier modules contributed to effective 

heat transfer from the condensing surface directly to 

the upper basin. The ambient temperature peaked 

between 12:30 PM and 3:00 PM, followed by a 

gradual decline. 

 

5.2. The Water Productivity 
 

       The water production was evaluated before and 

after the installation of the upper basin. The volume 

of distilled water was measured from 8:30 AM to 

3:30 PM, and which data was recorded at thirty-

minute intervals. Figure 8 illustrates the relationship 

between desalinated water volume and time. 

 
Figure 8. The amount of distilled water over time 

During the early hours, water production was 

relatively low due to the limited amount of absorbed 

energy required for heating [37]. A noticeable 

increase began at around 10:30 AM. The modified 

configuration, which incorporated the upper basin as 

a water source, contributed to an increase in the 

extracted water volume as a result of the enhanced 

condensation rate on the glass surface. The 

maximum yield occurred between 12:00 PM and 

3:00 PM, followed by a gradual decline. The 

maximum water yield was recorded between 12 PM 

and 1 PM, reaching approximately 0.479L/hour, 

corresponding to a thermal gradient of about 17˚C. 

The daily water yield of the distillation system 

without the upper basin, with an upper basin, and an 

upper basin integrated with Peltier modules was 0.8 

L/ day, 1.328 L/day and 1.770 L/day respectively.    

      This corresponds to an improvement of 

approximately (1.770 L/day, 121%, and 1.385 L/day 

is 66%).In other words, the overall productivity of 

the modified system reached about 221% of that of 

the conventional system, indicating a more practical 

and feasible performance compared to previously 

reported studies. The daily collected water is 

influenced by many factors, including the 

temperature variations of the glass cover, the lower 

heating basin (distillation basin), solar center 

temperature, the ambient air temperature, the 

addition of the upper water basin and Peltier 
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modules, as well as the overall design conditions 

[38, 39].   

    Many studies have explored various ideas and 

methods to enhance and increase solar condensation 

using parabolic troughs. However, no previous 

research has investigated the use of an upper basin 

with a hot basin to assist in the condensation 

process. Furthermore, no study has examined the 

integration of Peltier units (modules) with solar 

distillation systems as electricity-generating units, 

which contribute to reducing the temperature of the 

condensing surface by transferring heat from the hot 

side of the Peltier units to the cold side, which in 

turn transfers it to the upper basin. Figure 9 

illustrates the efficiency improvement achieved by 

the upper basin in combination with the Peltier units. 
 

 
Figure 9. Efficiency improvement of distilled water 

 
       From Figure 9, the improvement in water yield 

is the highest between 12:00 and 3:00 PM, although 

the quantity of water collected after distillation water 

obtained was greater between 12:00 and 1:00 PM. 

This is because the liquid temperature peaks at that 

time due to the high amount of absorbed heat [40]. 

Furthermore, the temperature of the glass cover was 

significantly preserved, creating a high temperature 

difference between the hot water (heating basin) and 

the glass surface. Figure 10 shows the relation 

between the improvement ratio with solar radiation 

and ambient temperature.  

       The productivity of distilled water is in a state 

of upward and not a linear relationship, because the 

ambient conditions (solar radiation, wind speed) 

directly affect the performance of the solar still. The 

higher solar radiation intensity increases the 

productivity of the solar still [38, 40], due to the 

greater heat flux entering the desalination system, 

which raises the temperature of the hot basin and 

enhances the driving force for evaporation and 

condensation. Therefore, the increase in ΔT 

contributed to improving both distillation efficiency 

and productivity [42, 43]. Additionally, wind speed 

plays a significant role in determining heat losses, 

thereby reducing the thermal efficiency of the solar 

still. 

 
Figure 10. Improvement ratio with ambient 

temperature and solar radiation 

 
5.3. The thermoelectricity generation 
 

       Readings were recorded every half hour, taking 

into account the temperature gradient between the 

hot and cold sides. Figure 11 illustrates the 

relationship between the generated voltage and time 

for the Peltier modules basin and the Peltier modules 

with an upper water basin. The hot side of the Peltier 

units absorbs heat from the outer surface of the 

condensing surface and transfers it to the cold side, 

where it is then released. An increase in the 

temperature difference between the two sides results 

in higher voltage generation.  The temperature of the 

hot side of the Peltier unit rises, reaching its peak 

between high value at 12:00 PM to 2:30 PM before 

gradually declining. This behavior corresponds with 

the solar radiation intensity during the same period, 

as a higher solar radiation intensity leads to an 

increase in the temperature of the hot side of the 

thermoelectric units [44]. 

           The voltage values obtained in the solar 

distillation experiment show differences in the 

values obtained in the two cases. Initially, individual 

basins distributed across the surface for each group 

of Peltier modules (4- Peltier modules) produced the 

highest recorded voltage of 3.456 volts. However, 

when the four separate basins were connected with 

(16-Peltier modules, the generated voltage increased 

to approximately 13.824 volts. The variation in 

voltage values is attributed to air movement, which 

occasionally causes localized or lateral cooling for 

the Peltier units’ basin, thereby enhancing the 

generated voltage.                               
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Figure 11. Voltage generation from distillation system: a) one-unit system (4 -Peltier units), b) four-unit system 

with upper basin (16- Peltier units) 

 

 
The temperatures differ between both sides of the 

Peltier unit with respect to time, as depicted in 

Figure 12. 

 
Figure 12. The temperatures of the cold and hot 

sides of the Peltier unit 

 
The voltage increases by increasing the temperature 

gap between the two sides of the Peltier unit, it can 

be represented by equation (15) [23]. 

 

hot side cold sideT T T  Δ    (15) 

    A 

s shown in Figure 12, a temperature gradient is 

observed between the two faces of the Peltier unit. 

Increasing the temperature difference leads to an 

enhancement in the generated voltage. During the 

initial hours of the experiment, the temperature 

difference is relatively small, then gradually 

increases as the temperature of the hot basin 

increases. The maximum open voltage (Voc) of four 

Peltier units (V) when the solar radiation intensity is 

maximum at noon, with the greatest difference in 

temperature value (∆T= 17 ˚C), is 3.54 volts, and 

13.82 volts for four Peltier groups with 16 units. at 

the same conditions. The obtained voltage is 

affected by the temperature gradient of 1ºC across 

the Peltier unit. The high Seebeck effect is due to the 

materials as a key parameter to increasing the 

efficiency of the Peltier module [44, 45]. 

Documented data demonstrates the effectiveness of 

Peltier units in transferring and dissipating heat from 

the hot side to the cold side. This is attributed to the 

internal structure of the Peltier unit, which consists 

of pairs of semiconductors connected in series, 

directing the heat flow. Each conductor within the 

Peltier module dissipates a specific amount of heat 

for every degree Celsius, thereby increasing the 

generated voltage. Consequently, the Peltier plates 

were effective in heat dissipation and voltage 

generation, supporting their use as an efficient 

technology for simultaneous thermal energy 

management [ 46, 47]. 

   It is observed from Figure 13 that the generated 

voltage is directly proportional to the amount of 

water collected.  The thermal gradient between the 

water temperature in the hot basin and the glass 

condensing surface influences both. However, the 

relationship exhibits fluctuations due to variation in 

absorbed heat values with both wind speed and the 

difference in heat transfer between the glass and the 

water. Moreover, the amount of water produced 

decreases sharply after 2:00 PM, while the generated 

voltage remains elevated until approximately 3:00 

PM. This reduction in the collected water may be 

attributed to increased internal vapor pressure inside 
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the still, which reduces heat transfer, despite the 

temperature difference that simultaneously high heat 

output, and the generated voltage maintains its high 

level until 3:00 PM due to the generated thermal 

difference. 

 

 
Figure 13. Variation of Voltage and distilled water 

with experimental period 

         

5.4. Validating the Results of Voltage 

 

A comprehensive validation of the present study was 

conducted by the performance of the thermoelectric 

modules with the data set of Cheng, et al. [48]. Our 

results are consistent and monotonic increase in the 

generated voltage with increasing temperature 

difference, confirming that the present experimental 

behavior follows the same thermoelectric trend in 

the literature, which is consistent in the overall 

direction of performance, providing the first level of 

validation for the obtained results.  

    

 

 

 

 

 

  The voltage measured in the present study (2.236 – 

3.456 volts) for ΔT = (11-17 ˚C) is close to the 

commonly reported operational voltage for the 

TEC1-12706 model under the same thermal 

gradient. Despite the low difference in the generated 

voltage, both studies mentioned an appropriate 

increase in voltage with ΔT. This behavior indicates 

similar thermoelectric response characteristics 

within their respective thermal domains. 

   Cheng et al., [48] are utilized a passive energy 

harvesting method using commercial thermoelectric 

units, where a liquid-saturated top layer induces a 

temperature gradient (∆T) through spontaneous 

evaporative cooling. Experimental tests on water, 

ethanol, acetone, and air showed that voltage output 

is highly dependent on the fluid’s evaporation rate. 

The internal consistency of the experimental study is 

supported by the gradual increase in voltage across 

all examined ΔT values with no sudden fluctuations, 

this behavior refers to stable thermal boundary 

conditions, and reliable calculation procedures. 

Furthermore, the measured voltages agree with the 

theoretical expectations of the Seebeck coefficient of 

the TEC1-12706 module, reinforcing the scientific 

plausibility of the experimental results. The only 

distinction between the two outcomes lies in the fact 

that the researcher Cheng, et al., [48] are employed 

the thermal gradient was maintained through a self-

driven evaporative cooling mechanism, in which the 

evaporative liquid extract latent heat from the 

thermoelectric upper surface, producing a sustained 

temperature difference relative to the lower surface, 

which remains stable at ambient temperature. In 

contrast, the design adopted in the present study 

relies entirely on clean energy without any water 

wastage or the use of harmful chemical cooling 

agents. 

 

 
 
 

               

 

 

 

 

 

 

 

 

 

 

 

 



Abed et al./Journal of Solar Energy Research Volume 10 Number 4 Autumn (2025) 2616-2632 

2628 

 

 

Table 2. The voltage generated with the thermal differences as comparing with same results [48] 

 

   Based on the results presented in the table 2, the 

maximum output voltage obtained from a single 

peltier unit reaches approximately (0.88 Volt) at a 

temperature gradient of 22-25 ˚C when employing 

water evaporation as the cooling mechanism. In 

contrast, using air cooling yielded a lower maximum 

voltage of (0.66volt) at a temperature difference of 

roughly 17˚C for a single peltier unit. The present 

study, observes aconsistent trend when operating 

four peltier under a thermal gradient of (16˚C) at a 

total voltage of (3.252 volt) was generated, resulting 

in an average output of approximately (≈ 0.813 volt) 

per peltier unit. 

 

6. Limitations and Future Work 

 

    This study was subjected to several limitations: 

simplified assumptions were used; measurements 

were conducted under specific climatic conditions 

that may not be representative of all regions in Iraq; 

additionally, only a limited number of thermoelectric 

units were employed, covering only a small portion 

of the condensation surface. The future 

implementation and production of this design 

represents a shift in the field of desalination and 

electrical power generation if high-performance 

thermoelectric units are used. According to the 

obtained results, it is considered suitable for 

application in most countries with high solar 

radiation availability, with Iraq being a primary 

example. In addition, it is possible to work on such a 

design in the future with bigger sizes, enhanced 

heating, and elimination of issues related to the solar 

still, as previously mentioned. 

 

7. Conclusion 

   The performance of the solar stills suffers from 

limited fresh water, low thermal efficiency, gradual 

reduction of solar energy input over time due to the 

dust accumulation, and Poor evaporation–

condensation mechanism. These challenges restrict 

the practical applicability of solar distillation system 

design, particularly in regions with water demand. 

The motivation behind this study was to reduce the 

challenges associated with solar stills, in addition to 

developing a design that ensures energy generation 

in regions lacking it or experiencing frequent 

interruptions of energy.  

1- The technical contributions of this recent research 

paper include the addition of an upper basin that 

serves as a water source for the lower basin and acts 

as a cooling device for the glass condenser to 

contribute to condensation and electrical power 

generation when using large thermoelectric 

generators.  

2-Experimental studies confirm that the use of the 

upper basin has contributed to increasing the 

efficiency and productivity of distilled water by 

enhancing the condensation process to high levels, 

in addition to enhancing the efficiency of the Peltier 

units through the thermal differential between the 

two basins. Water productivity has more than 

doubled (121%, 66%) when using this design with 

the proposed modifications, with free electricity 

savings. 

3-The maximum water yield was recorded between 

12:00 PM and 1:00 PM, reaching approximately 

(0.479L /hour), corresponding to a thermal gradient 

of about 17˚C. 

4- The obtaining voltage was (13.83 V) using four 

Peltier basin groups (16 units) ,which is relatively 

acceptable and can be increased to higher values by 

increasing the thermal temperature of the lower 

basin. 
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Nomenclature  

Aa                                                Aperture Area                                 

Arec Receiver Area 

Aw Surface Area of Water Basin 

CR-opt          Optical Concentration Ratio 

CR Geometric Concentration Ratio 

d Diameter of Parabolic Concentrator 

Exergy out        Exergy Efficiency       

Exergy in         Exergy efficiency    

f Focal Distance                       

h Depth of Parabola   

h r,wg               Heat transfer coefficient  (Glass and 

water) 

I sur                 Incident Solar Radiation 

I rec Reflected Solar Radiation on 

Receiver                         

ε effective           Effective Emissivity 

εg Glass Emissivity 

Pw Partial Pressure of Water 

Pg Partial Pressure of Glass 

Q c.wg          Convective Heat Transfer Rate 

(Glass and water)                                           

Q r, wg                    Radiation Heat Transfer (Glass and 

water)             

Qper Total Teat Transfer Looses 

Qcv Heat Losses by Convection 

Qevap            Heat Loose by Evaporation 

Q rad                Heat losses by Radiation 

Twater                Temperature of Water 

Tglass Temperature of Glass   

∆T                    Temperature Difference    

Tw Water Temperature                                                    

Tg Glass Temperature 

ηexergy,hourly Hourly Exergy Efficiency     

σ   Stefan-Boltzmann Constant                                                         
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