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Abstract. Currently, approximately 97% of Earth's water is saline, about 2% is locked in
glaciers and polar ice caps, and only about 1% is readily accessible freshwater suitable for human
consumption. However, because freshwater resources are unevenly distributed across the globe,
many regions experience severe shortages of potable water, forcing local populations to rely on
saline or highly mineralized water for domestic use. Consequently, water-related diseases remain a
significant public health concern in many parts of the world. To address this challenge, extensive
research has been conducted worldwide to develop and improve energy-efficient and environmentally
sustainable desalination technologies. Among these, solar water desalination devices have attracted
considerable attention as a promising solution due to their utilization of renewable solar energy. This
paper analyzes the current state of solar concentrator-based water desalination devices. In addition,
the efficiency of utilizing renewable energy, the freshwater production performance of these devices,
and the influence of environmental conditions on their operational performance are comprehensively
evaluated.

The article examines the relationship between drinking-water quality and human health,
presents experimental results for the proposed device, and draws conclusions from the findings.

The experimental study showed that environmental factors had a significant impact on
freshwater production efficiency: the daily freshwater yield was 6.5 L under clear-sky conditions and
2.5 L under variable cloud cover.

The experimental results highlight the need for further research to improve freshwater
production technologies. Improving the freshwater production efficiency of such devices remains a
key priority for providing sustainable and safe drinking water to communities experiencing water
scarcity.

Keywords: freshwater, water scarcity problem, solar concentrator-based water desalination
systems, solar radiation, solar tracking system, dual-axis movable mechanical drive, solar energy,
electrical energy consumption, reactor surface temperature.
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Annotatsiya. Hozirgi kunda Yer sharidagi suv resurslarining taxminan 97 % ini sho ‘r suvlar,
qutb va tog * muzliklari, atigi 1 % ini esa inson iste 'moli uchun yaroqli chuchuk suv resurslari tashkil
etadi. Biroq chuchuk suv zaxiralarining Yer yuzida notekis tagsimlanganligi sababli dunyoning ayrim
hududlarida aholi ichimlik suvi taqchilligiga duch kelmogda hamda ayrim hollarda iste ' mol uchun
sho ‘r yoki minerallashgan suvlardan foydalanishga majbur bo ‘Imogda. Bu esa suv bilan bog ‘liq turli
kasalliklarning tarqalishiga va aholi salomatligiga salbiy ta’sir ko ‘rsatmoqda. Mazkur muammoni
bartaraf etish magsadida dunyo olimlari tomonidan sho ‘r suvlarni chuchuklashtirishning energiya
tejamkor va ekologik xavfsiz texnologiyalarini yaratish hamda takomillashtirish bo ‘yicha keng
ko ‘lamli ilmiy tadgiqotlar olib borilmogda. Xususan, qayta tiklanuvchi energiya manbalariga
asoslangan quyosh suv chuchitish qurilmalari istiqgbolli yechimlardan biri sifatida e tirof etilmogda.
Ushbu magolada quyosh konsentratorli suv chuchitish qurilmalarining zamonaviy rivojlanish holati
tahlil qilindi. Shuningdek, bunday qurilmalarda qayta tiklanuvchi energiya manbalaridan
foydalanish samaradorligi, chuchuk suv ishlab chigarish unumdorligi hamda gurilmaning ishlash
ko ‘rsatkichlariga atrof-muhit omillarining ta’sirvi ilmiy jihatdan baholandi.

Magolada ichimlik suvi sifatining inson salomatligiga ta'siri o'rganildi, taklif etilgan qurilma
tajribada sinovdan o'tkazildi va natijalar asosida xulosalar chigarildi.

Tajriba natijalari atrof-muhit omillari chuchuk suv ishlab chigarish samaradorligiga sezilarli
ta’sir etishini ko ‘rsatdi: ochiq havoda sutkalik chuchuk suv miqgdori 6,5 I, o‘zgaruvchan bulutli
havoda esa 2,5 | ni tashkil etdi.

Ichimlik suvi taqchilligini kamaytirish magsadida taklif etilgan quyosh suv chuchitish
qurilmasidan olingan eksperimental natijalar shuni ko'rsatadiki, chuchuk suv ishlab chigarish
texnologiyalari bo'yicha chuqur tadgiqotlar olib borish juda muhimdir. Bunday qurilmalarning
chuchuk suv ishlab chigarish samaradorligini oshirish suv tangisligidan aziyat chekayotgan
jamoalarni bargaror va xavfsiz ichimlik suvi bilan ta'minlashning asosiy ustuvor vazifasi bo'lib
golmoqda.

Kalit so “zlar: chuchuk suv, suv tanqisligi muammaosi, quyosh konsentratorli suv chuchitgichlari,
quyosh radiatsiyasi, quyosh kuzatuv tizimi, ikki o‘qli harakatlanuvchi mexanik yuritma, quyosh
energiyasi, elektr energiya sarfi, reaktor sirtidagi harorat.
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Annomayun. Coepemennvle OyeHKU NOKA3bI6aiom, 4mo npumepro 97 % 600HbIX pecypcos
3emau cocmasusirom conénvle 600vl, 0KON0 2 % 3anacos npuxoOumcs Ha NOJAPHbLE U J1EOHUKOBbLE
J60bL, U UL 0K010 1 % 0ocmynHo 6 8ude npecHotl 800bl, NPULOOHOU OJi1 ROMPeOaeHUS YeTl0BEKOM.
OO0HAKO U3-3a HEPABHOMEPHO20 PACHPEeNIeHUSl NPECHOBOOHBIX PECYPCO8 NO BCeMY MUPY 80 MHO2UX
peauonax Habwoaemcs ocmpwvili deuyum numMbegol 600bl, 8 pe3ylbmame uye20 MeCmHOoe
HACeleHUe BbIHYICOCHO UCNONIb308AMb CONEHVIO UIU 6bICOKOMUHEPATUIOBAHHYIO 600V 6 DbINMOGbIX
yensx. Cnedcmeuem 3moeo A67Aemcsi COXPAHeHUe BblCOKOU PACRPOCMPAHEHHOCMU 3a001e6aHUL,
CBS3AHHBIX C KA4eCmeoM 600bl, YUMo NPedCmasisiem cobol cepbE3nyio npooiemy oouwecmeenno2o
30pABOOXPAHEHUS 60 MHO2UX CMPAHax Mupa. /[ peulerusi OaHHOU npodembl 80 8CEM MUpe 6e0YMcsi
macwmadHvle  UCCLe008aHUs, — HANPAGIEHHble HA  pa3pabomky U COBEPUEHCMBOBAHUE
IHEPeOIPDEKMUBHBIX U IKOIO2UHECKU YCMOUYUBLIX MEXHON02Ull onpecHeHus 800vl. Cpeou Hux
0c000€e HUMAHUE NPUBTLEKAIOM COJIHEUHble YCMAHOBKU OJisl ONPECHEHUs. 800bl, PACCMAMPUBAEMbLE
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KaK nepcnekmusHoe peuieHue 61a200aps UCnOIb308aHUID 80300HOBIAEMOU COIHEYHOU SHepeuu. B
OaHHOU cmamve aHATUUPYEeMcs COBPEMEHHOe COCMOSHUE CONHEYHbIX KOHYEHMPAMOPHBIX
YCMAHOBOK OJisl ONpecHeHuss 600bl. Kpome moco, KOMNIEKCHO OYeHU8aromcs 3¢@@exmusHocms
UCNONb306AHUSL B0300HOBIAEMOU IHEPLUU, NPOU3BOOUMENbHOCHb OAHHBIX YCMPOUCHE NO NOJYYEHUI0
NPecHOl 600bl, A MAKdCe GIUSHUE YCI08ULL OKpydcaloujeli cpedbl HA UX IKCHIYAMAYUOHHbIE
Xapakmepucmuxu.

B cmamve paccmompeno enusnue kauwecmea numvesol 600bl HA 300P0O6be UeN08eKd,
npeocmasieHnsvl pe3yibmamsl IKCHEPUMEHMATbHBIX UCCTIe008AHUL NPEOJIONCEHHO20 YCMPOUCMEd U
chopmynuposarvl 8b16000L.

OKcnepumenmanvHoe UCCIe008aHUe MNOKA3AN0, YMO (QaKkmopsl oKpysscaouell cpeobsl
OKA3bl8AIOM 3HAYUMENbHOE GIUAHUE HA IPPHEKMUBHOCIb NPOU3BOOCMEA NPECHOU 800bL: CYMOUHAs
gvipabomka cocmasuia 6,5 1 npu sachoi nozoode u 2,5 i1 npu nepemeHHou 001aYHOCmUL.

Pezynomamor sxcnepumenmanbHulx UcCie008aHUl NPEOONCEHHO20 COIHEYHO20 YCMPOUCmEd
0J1s1 OnpecHenusl 800bl, pPa3pabOMAanHO20 05 peulelus npoodiemvl depuyuma NUMbBEBOU B0Obl,
ceudemenbecmseyrom o0  HeobXxooumocmu — OANbHeUwux UCCIe008anull, HANPABIEHHbIX  Hd
COBEPUIEHCINBOBAHUE MEXHONIO2UN NOJVYeHUsi npecHou 600vl. Ilogviuenue 3¢pgdexmusnocmu
npou3e00Cmea NpecHoll 800bl C UCHOIb30BAHUEM NOOOOHBIX YCMPOUCME OCMAEmMcs OOHUM U3
KIIOYEeB8bIX NPUOPUMEMOo8 0becnedenus: YyCmouuueo2o u 6€30nacio20 00Cmyna K numvegoul 00e 0.is
HaceneHusl, UCNbBIMbLEAarue2o 0euyum 00HbIX PeCypPCos.

Knrwoueswvie cnosa: npecuas 6o0a, npobniema depuyuma 600bl, COIHEUHble ONPECHUMENbHbLE
VCMAHOBKU C KOHYEHMpPAmopoM, CONHeuHas paouayus, cucmema cuedcenus 3a Connyem,
08YX0CeB0l NOOBUNCHBIU MEXAHUUECKUL NPUBOOD, COJIHEYHAs dHepausl, NompedieHue 1eKMPUYecKoll
9Hepauu, memnepamypa no8epXHOCMU peakxmopa.

Introduction

At present, ensuring a sustainable supply of high-quality freshwater for the population and the
agricultural sector has become one of the most pressing global challenges. In this regard, the
development and implementation of energy-efficient technologies based on renewable energy
sources, particularly solar energy, have emerged as one of the priority directions in scientific research
and technological innovation.

It is well known that approximately 97% of the Earth's total water resources consist of saline
water contained in oceans and seas, while about 2% is stored in glaciers and polar ice caps. Only
about 1% of the world's water resources is available as freshwater suitable for human
consumption [1]. However, the limited availability of freshwater resources, together with the
increasing impacts of climate change, rising ambient temperatures, contamination of freshwater
reservoirs, and continuous population growth, has led to a steady increase in the demand for potable
water. Consequently, the pressure on available freshwater resources continues to intensify, resulting
in a gradual decline in accessible drinking water supplies. According to current projections, nearly
one-quarter of the world's population will experience water scarcity by 2035. By 2050, this figure is
expected to increase to approximately 50% of the global population [2].

Global water scarcity is a pressing issue currently at the forefront of scientific attention, with
numerous researchers worldwide working on developing desalination systems, enhancing their
efficiency, and meeting freshwater supply demands. Notably, research conducted by Ettore Morosini,
Igor Matteo Carraretto, and Giampaolo Manzolini analyzed an innovative integration of thermal
seawater desalination technologies powered by sensible waste heat recovered from the supercritical
CO: cycle of a concentrated solar power plant. The specific thermal energy consumption of the
individual stages was 89 kWh/m? for forward osmosis and 187 kWh/m?® for vacuum membrane
distillation. For the integrated zero-liquid-discharge system as a whole, the specific thermal energy
consumption was 156 kWh/m? at a water recovery ratio of 95%, and the annual freshwater production
of the plant was estimated at 3.39 million cubic meters [3].
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Researchers Nilesh S. Wakchaure, Purnanand V. Bhale, Rohan R. Pande, and Rajesh Prajapati
proposed a humidification-dehumidification desalination system—featuring a closed-loop, jacketed
solar water heater—to mitigate water scarcity by maximizing freshwater production per unit of
collector area, reducing costs, and enhancing environmental benefits. Experimental results from the
developed system showed that at an optimal mass flow rate ratio of 2.5, the maximum daily freshwater
yield reached 17.72 kg/m?, and the ratio of produced water to the thermal energy consumed for
evaporation reached 1.79. The study highlights this system as a promising solution for community-
scale desalination or for treating wastewater discharged from reverse osmosis processes in the textile
industry [4].

Chinese researchers Xin Lu, Xiaomin Yin, and Youming Hu proposed and experimentally
tested a new type of hybrid system designed for seawater desalination and electricity generation. The
system uses parabolic trough collectors as the heat source for both electricity generation and seawater
desalination. Research results indicate that the system has an electricity generation capacity of 79.07
MW and a freshwater production volume of approximately 3,700 tons. The water desalination
efficiency of the system was found to be 57%. The production costs for the freshwater and electricity
were $2.2/m* and $0.055/kWh, respectively. However, despite these performance figures, the
system's capital cost of $765 million severely limits its widespread adoption [5].

Scientists Yingfei Huang, Amr Omar, Robert A. Taylor, and Greg Leslie conducted a study
using an open-source, multi-dimensional tool—integrating GIS data, the System Advisor Model
(SAM), a custom-developed techno-economic model, and multi-criteria decision-making (MCDM)
methods—to assess site suitability with a spatial resolution ranging from 0.5 to 50 km. The study
identified locations suitable for installing CSP-MED systems under current climatic conditions. It
was determined that these sites offer a system payback period of 15 to 21 years and the potential for
electricity generation exceeding 5 kWh/m? per day. While this system is considered beneficial for
planning and installing large-scale solar desalination facilities, such systems are viable primarily for
large-scale regional projects; in areas facing severe water scarcity, the extensive organizational and
economic efforts required may not align with the region's economic situation [6].

According to the review by Mohamed T. Abdelghany and Mehmet Fatih Orhan, efficiency-
enhancement measures applied to solar-powered desalination units and systems have been reported
to increase freshwater productivity by more than 183% relative to the corresponding baseline
configurations, with an exergy efficiency of 8.21%. Furthermore, it was demonstrated that the cost
of desalinated water decreased significantly, falling within the range of $0.011 to $0.023 per liter [7].

The shortage of potable water is not only a global concern but also one of the major
environmental and socio-economic challenges facing the Republic of Uzbekistan. While urban
populations are generally supplied with drinking water through centralized water distribution
systems, residents of remote areas with underdeveloped infrastructure, particularly those located in
desert and semi-desert regions, continue to experience limited access to safe drinking water. In many
of these areas, local communities are forced to use canal water, drainage water, and groundwater as
sources of drinking water. Since these water sources often fail to satisfy sanitary and hygienic quality
standards due to their high salinity and mineralization levels, their consumption may adversely affect
human health and contribute to the development of various infectious and chronic diseases. In
particular, the high salinity of groundwater significantly increases the risk of physiological disorders
and several associated health complications [8].

In response to these challenges, considerable research efforts are being devoted in Uzbekistan
to improving potable water supply systems, developing desalination technologies based on renewable
energy sources, and enhancing the energy efficiency of solar-powered water desalination devices.
The development of solar concentrator-based desalination devices is of particular scientific and
practical importance, as such technologies contribute to reducing the consumption of conventional
energy resources while simultaneously improving environmental sustainability. These research
activities are fully consistent with the priorities established by the Resolution of the President of the
Republic of Uzbekistan No. PQ-4477, dated October 4, 2019, "On Approval of the Strategy for the
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Transition of the Republic of Uzbekistan to a Green Economy for the Period 2019-2030," which
emphasizes the diversification of energy consumption, expansion of renewable energy utilization,
and improvement of energy efficiency [9].

The objective of this study is to experimentally evaluate the operational performance of a solar
concentrator-based water desalination device, determine its principal technological parameters, and
investigate the influence of environmental factors on freshwater production efficiency under
experimental operating conditions.

2026-yil 3(63)-son

Materials and Methods

Based on the research objectives presented above, an experimental investigation was conducted
to evaluate the operational performance of a solar concentrator-based water desalination device
utilizing renewable solar energy as its primary energy source. The experimental studies were carried
out under the climatic conditions of Qarshi City, Kashkadarya Region, Republic of Uzbekistan, in
order to assess the device performance under actual environmental operating conditions. Figure 1
below shows the schematic diagram of the device used for the experimental study.

18 19 17 4 15 22 6 8 13 7 9

AKB'
1 7IN‘,7

20 2% 16 + 2 3 5 12

1 —saline artesian water well; 2, 4, 7 — water pipes; 3 — mechanical water filtration unit; 5 — fresh
water tank; 6 — steam condenser; 8 — water vapor pipe; 9 — heat receiver-evaporator; 10, 16 — metal
supports; 11 — solar concentrator; 12, 13, 14 — valves; 15 — water pump; 17 — photovoltaic panel; 18 —
controller; 19 — storage batteries; 20 — inverter; 21 — control unit; 22 — saline water tank.
Figure 1. Schematic diagram of a solar-concentrator water desalination unit.

1014 1

Table 1 summarizes the instruments used in the experimental study, along with their
measurement ranges and accuracies.

Table 1. Measuring instruments used in the experimental study and their characteristics [10-12]

Device measurement range

Device name and description
and accuracy

Image of the device

Photovoltaic Data Logger ,j
MacSolar :

From 50 to 1000 W/m?,
measurement error <1%

A\

)
\5

UNI-T UTi320V+
professional thermal imager

temperature from —20°C to
+550°C, measurement error
+2%

HTC-2 electronic
thermometer-hygrometer

Temperature <70°C, humidity
100%, measurement error 1%
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The proposed experimental desalination device consisted of a parabolic trough solar
concentrator, a copper tubular reactor serving as the solar energy receiver and thermal absorber, a
thermally insulated saline water storage tank, a heat-exchanger tube installed inside the saline water
reservoir, a steam extraction compressor, a thermally insulated freshwater collection tank, a feed
pump supplying saline water to the reactor, and interconnecting plastic pipelines that provided
hydraulic circulation throughout the system. Figure 2 below shows the experimental device for solar-
concentrator-based water desalination.

2026-yil 3(63)-son

.....

,,,,,

Figure 2. Experimental device for solar-concentrator water desalination.

The total electrical power consumption of the feed pump and the steam extraction compressor
was 184 W, which was sufficient to ensure stable operation of the experimental setup during the
desalination process.

The experimental investigation was performed by continuously monitoring eight principal
operating parameters that characterize the thermal and operational performance of the proposed
desalination device. These parameters included ambient air temperature, relative humidity, solar
irradiance, reactor surface temperature, saline water temperature inside the reactor, saline water tank
temperature, generated steam temperature, and freshwater tank temperature. To ensure the reliability
and consistency of the experimental observations, all measurement data were recorded at one-hour
intervals throughout the experimental period.

Results
The experimental results obtained on 28 and 29 April 2026 are presented in Tables 2 and 3,
respectively.

Table 2. Experimental operating parameters recorded on 28 April 2026.

129

Ne| Time| Date 28.04.2026
Ambient| Relative| Solar |Absor-| Saline | Saline |Genera-| Fresh- | Produ-
tempera-humidity| irradian-| ber— | water | water | ted | water ced
ture, °C % ce, W/m?|evaporatempera-| tank | steam | tank | water,
tor ture | tempe |temper | tempe- I
surface|inside the| ratu- | ature, |rature,
tempe- |absorber| re,°C | °C °C
rature, -
°C |evapora-
tor, °C
1] 8% 25 60 730 58 30 18 32 0 0.07
2| 9% 30 44 893 67 57 18.5 33 24.8 0.44
3 | 10% 32 33 930 77 70 19 34 25 0.65
4] 11% 335 33 961 80 85 19.7 43 25 0.91
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The experimental results obtained on 28 April 2026 showed that both solar irradiance and
ambient air temperature had a significant influence on the reactor surface temperature. As solar
radiation intensity increased during the daytime, the reactor temperature also increased, resulting in
enhanced evaporation of saline water and improved freshwater production. Under these favorable
weather conditions, the proposed desalination device produced 6.5 L of freshwater during the
experimental period. The electrical energy required for operating the feed pump and the steam
extraction compressor was supplied entirely by the photovoltaic panel, demonstrating the capability
of the system to operate using 100% renewable solar energy. The total daily electrical energy
consumption was 1.63 kWh.

Table 3. Experimental operating parameters recorded on 29 April 2026.

Ne Time| Date 29.04.2026
Ambient|Relative Solar | Absorber| Saline Saline | Genera|Freshw| Produ
tempera-|humidi-| irrad- |—evapora-{ water water ted ater ced
ture, °C | ty, % | iance, tor |temperatu-| tank | steam | tank | water,
W/m? | surface | reinside | temper | tempe-|tempe- I
tempera- the ature, | rature, |rature,
ture, °C | absorber—| °C °C °C
evaporator,
°C
1 |8% 26 30 720 40 15 17 30 0 0.00
2 | 9% 27 29 860 70 55 17.8 28 22 0.71
3 [10% 32 22 980 77 40 18.9 34 22.4 0.23
4 |11%°] 315 25 500 58 34 19.2 31 22.4 | 0.07
5 (129 34 27 958 77 55 20 37 23 0.1
6 |13% 34 26 353 60 30 21 33 23 0.09
7 [14% 32 30 313 40 42 20 32 22.6 0.2
8 |15% 33 24 670 514 48 21 37 22.6 0.31
9 [16% 38 18 720 61.5 53 21 37 22.6 0.5
10 [17% 33 22 680 63.5 44.6 21.8 42 23 0.29

In contrast, the experimental investigation conducted on 29 April 2026 exhibited relatively
lower performance due to unfavorable meteorological conditions. The presence of cloud cover and
moderate wind reduced the intensity of incident solar radiation and increased convective heat losses
from the reactor surface, thereby decreasing the thermal energy available for the evaporation process.
Consequently, the daily freshwater production decreased to 2.5 L, which is approximately 62% lower
than on the previous day. Nevertheless, the entire electrical demand of the desalination device
continued to be supplied by the photovoltaic panel, while the total electrical energy consumption
during the experiment was 1.52 kWh.

To verify the energy self-sufficiency of the device, an electrical energy balance was estimated.
The combined power demand of the feed pump and the steam extraction compressor is 184 W;
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therefore, the measured daily consumption of 1.63 kWh (28 April) and 1.52 kWh (29 April)
corresponds to equivalent full-load operating times of approximately 8.9 h and 8.3 h, respectively,
which is consistent with the 08:00-17:00 measurement period. The daily energy supplied by the
photovoltaic panel was estimated as Epy = Prated*Z(Gi- At)/Gstc PR, where Praed = 550 W is the rated
power of the panel, Gi is the hourly solar irradiance given in Tables 2 and 3, At = 1 h,
Gstc = 1000 W/m?, and PR = 0.75 is the assumed performance ratio (assuming that the panel receives
the measured irradiance). The cumulative irradiation over the measurement period was 8.99 kWh/m?
on 28 April and 6.75 kWh/m? on 29 April, which gives an estimated PV output of about 3.7 kWh and
2.8 kWh, respectively. Thus, the PV generation exceeded the electrical demand of the device by a
factor of approximately 2.3 and 1.8, while the storage batteries (Figure 1, item 19) compensated for
short-term drops in irradiance. The specific electrical energy consumption was 0.25 kWh per litre of
freshwater on 28 April and 0.61 kWh/L on 29 April; under unfavorable weather it increases
considerably, because the auxiliary equipment operates at constant power while the evaporation rate

decreases.

The experimental data presented in Tables 2 and 3 indicate that the freshwater production
capacity of the proposed solar concentrator-based water desalination device is significantly
influenced by variations in environmental and meteorological conditions. The amount of freshwater
produced during the desalination process was found to vary continuously throughout the day owing
to fluctuations in solar radiation intensity and changes in atmospheric conditions.

The principal factors affecting the operational performance of the desalination device include
variations in solar irradiance, ambient air temperature, relative humidity, and wind conditions.
Changes in solar irradiance directly affected the thermal energy absorbed by the reactor, resulting in
corresponding variations in both the reactor surface temperature and the temperature of the saline
water inside the reactor. Moreover, fluctuations in ambient temperature and relative humidity
influenced the overall heat transfer process, whereas wind-induced convective heat losses reduced
the reactor temperature, thereby decreasing the evaporation rate and freshwater production efficiency.

These findings demonstrate that the thermal behavior and productivity of the proposed
desalination device are strongly dependent on prevailing environmental conditions. The relationships
among the measured operating parameters are further illustrated by the graphs presented below.

As shown in Figures 3 and 4, on 29 April 2026 the ambient air temperature rose gradually from
26 °C at 08:00 to a maximum of 38 °C at 16:00, while the relative humidity varied within 18-30%
and reached its minimum at 16:00. Thus, the experiment was carried out under hot and dry
atmospheric conditions.
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Figure 3. Temporal variation of ambient Figure 4. Temporal variation of ambient
air temperature on 29 April 2026. relative humidity on 29 April 2026.

Figure 5 shows that solar irradiance was unstable during the day: it peaked at 980 W/m? at 10:00
and then dropped sharply to 500 W/m? at 11:00 and to a minimum of 313 W/m? at 14:00 owing to
cloud cover. These fluctuations were directly reflected in the absorber—evaporator surface
temperature (Figure 6), which reached its maxima of 77 °C at 10:00 and 12:00, when irradiance was
highest, and fell to 40 °C at 14:00, when irradiance was lowest.
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The saline water temperature inside the absorber—evaporator (Figure 7) followed the same
pattern, ranging from 15 to 55 °C, with peaks at 09:00 and 12:00. Figure 8 confirms that solar
irradiance was the dominant factor governing the absorber—evaporator surface temperature, whereas
the ambient air temperature changed in a much narrower range and had a considerably smaller effect.
The unstable irradiance and heat losses due to wind therefore explain the reduced freshwater
production of 2.5 L on this day.
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Figure 5. Temporal variation of solar Figure 6. Temporal variation of the
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Conclusion

The increasing scarcity of freshwater resources resulting from global climate change has
become one of the most critical environmental and socio-economic challenges worldwide. This
problem is particularly severe in arid and remote regions lacking centralized drinking water supply
systems, where local populations are often compelled to rely on saline or hygienically unsafe water
sources for domestic consumption. The prolonged use of such water may contribute to the spread of
water-related diseases and pose significant risks to public health. Furthermore, the extensive use of
saline water for agricultural irrigation accelerates soil salinization and leads to a gradual decline in
soil fertility, thereby adversely affecting agricultural productivity.

The experimental investigation of the proposed solar concentrator-based water desalination
device demonstrated its potential as an effective and environmentally sustainable solution for
freshwater production under the investigated operating conditions. Owing to the concentration of
solar radiation on the absorber—evaporator, the device began producing freshwater within the first
hour of operation and reached an hourly yield of up to 1.0 L/h at a solar irradiance of about 970 W/m?.
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A quantitative comparison with conventional solar stills under identical operating conditions will be

the subject of further research.

The experimental results further confirmed that the proposed device operates with low electrical
energy consumption while utilizing renewable solar energy as its primary energy source, thereby
providing an environmentally friendly alternative to conventional desalination technologies. A single
photovoltaic panel with a rated power output of 550 W was sufficient to satisfy the entire electrical
energy demand of the system throughout the experimental period: its estimated daily output exceeded
the measured consumption of 1.52—1.63 kWh by a factor of about 1.8-2.3. Consequently, the device
can operate without relying on grid electricity or fossil-fuel-based power sources, thereby eliminating
the direct greenhouse gas emissions associated with conventional electricity consumption during
operation.

Under the experimental operating conditions, the daily freshwater production was 6.5 L under
clear-sky conditions (28 April) and 2.5 L under variable cloud cover (29 April), i.e., about 4.5 L per
day on average. The observed variations in freshwater productivity were primarily attributed to
changes in solar irradiance and prevailing weather conditions, confirming that environmental factors
play a significant role in determining the operational efficiency of the proposed desalination device.
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