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Abstract: This article provides a classification of water desalination
technologies and solar desalination systems, with particular emphasis on their
operating principles, technological characteristics, and application prospects. The
main desalination methods, including thermal, membrane, and solar-based
technologies, are reviewed and compared. Special attention is given to solar water
desalination systems that utilize renewable solar energy for the purification of saline
and brackish water. Their advantages, limitations, energy efficiency, and
environmental sustainability are analyzed. The study demonstrates that solar
desalination technologies offer significant potential for providing freshwater in
regions with high solar radiation and limited access to conventional water resources.
The results highlight the importance of improving the efficiency, reliability, and
economic feasibility of solar desalination systems for sustainable water supply.
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AHHoOTauMsi: B naHHOW cTaTthe mpelcTaBieHa KiacCU(pUKAIUs TEXHOJIOTUN
OTIPECHEHHUS BOJIbI U COTHEUHBIX OMPECHUTEIBHBIX CUCTEM C 0COOBIM BHUMAHHUEM K
MIPUHITUIIAM WX Pa0OTBI, TEXHOJOTWYCCKUM XapaKTEPUCTHKAM W TEePCIECKTHBAM
MpUMEHEHUs. PacCMOTPEHbI M COMOCTaBIEHBI OCHOBHBIE METOJBI ONPECHEHUS,

BKJIFOYAs TEpPMHUYECKHE, MeMOpaHHbIe H CoJIHEUHble TexHosoruu. Ocoboe
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BHHMAHUE YJEJIEHO COJIHEYHBIM OIPECHUTEIBHBIM CHUCTEMAaM, HCIOJIb3YHOUIUM
BO300HOBIISIEMYIO COJIHEUHYIO HEPTUIO JUJISI OYUCTKU COJEHOW M COJOHOBATOU
BOoAbl. IIpoaHanu3upoBaHbl MX MNPEUMYIIECTBA, OrPAaHUYEHUS, SHEPreTUYecKas
3¢ ()EKTUBHOCTH U DKOJIOTHYECKAsT YCTOMUMBOCTD. MccliemoBaHue MOKa3bIBACT, YTO
COJIHEUHBIC TEXHOJIOTMHU OMPECHEHUS 00JIaIat0T 3HAYUTEIIbHBIM TOTEHIIUAIOM JIJIsI
oOecrieueHuns MPecHON BOAOW PETHOHOB C BHICOKUM YPOBHEM COJIHEUHOM pajuaiuu
U OTPAaHUYEHHBIM JOCTYIIOM K TPAIUIIMOHHBIM HCTOYHHUKAM BOJOCHAOKEHUSI.
Pe3ynbrarhl moq4EPKMBAIOT BAXKHOCTh MOBBIMICHUS 3PPEKTUBHOCTU, HAAEKHOCTH
¥ DKOHOMHYECKOU 11eJ1eCO00Pa3HOCTU COJIHEUHBIX OMPECHUTENIbHBIX CUCTEM IS

obOecrnieyeHus1 yCTOMYMBOTO BOJIOCHAOKEHUS.

Kurouesrble ciioBa: OnpecHeHUE BOJIbl; TEXHOJIOTHH ONIPECHEHHMS; COJTHEYHOE
OTPECHEHUE; COJIHEYHBIC OINPECHUTEIbHBIC CUCTEMbI, BO3OOHOBIIIEMAas SHEPTUS,
COJIHEYHAsl SHEPIHUs; MOJyUYEHUE TPECHOM BOJIbI; COJIEHAs BOJA; COJIOHOBATAas BOJA;
oOpaTHBIM OCMOC; COJIHEYHBIN TUCTUIUIATOP; SHEProdHEKTUBHOCTD; yCTONUNBOE

BOI[OCHa6}KeHI/Ie; O4YMCTKa BOJBbI, OKOJIOTHYCCKAasi YCTOPJIHHBOCTB.

Annotatsiya: Ushbu maqolada suvni tuzsizlantirish texnologiyalari va quyosh
energiyasidan foydalanuvchi tuzsizlantirish tizimlarining tasnifi keltirilgan bo‘lib,
ularning ishlash prinsiplari, texnologik xususiyatlari va qo‘llash istigbollariga
alohida e’tibor qaratilgan. Issiqlik, membranali va quyosh energiyasiga asoslangan
texnologiyalarni o‘z ichiga oluvchi asosiy tuzsizlantirish usullari ko‘rib chiqilib,
o‘zaro taqqoslangan. Sho‘r va minerallashgan suvlarni tozalashda qayta tiklanuvchi
quyosh energiyasidan foydalanadigan quyoshli suvni tuzsizlantirish tizimlariga
alohida e’tibor berilgan. Ularning afzalliklari, cheklovlari, energetik samaradorligi
va ekologik barqarorligi tahlil qilingan. Tadqiqot natijalari quyoshli tuzsizlantirish
texnologiyalari quyosh nurlanishi yuqori bo‘lgan va an’anaviy suv resurslaridan
foydalanish imkoniyati cheklangan hududlarni chuchuk suv bilan ta’minlashda katta

salohiyatga ega ekanligini ko‘rsatadi. Natijalar bargaror suv ta’minotini ta’minlash
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uchun quyoshli tuzsizlantirish tizimlarining samaradorligi, ishonchliligi va iqtisodiy

jihatdan magbulligini oshirish muhimligini ko‘rsatadi.

Kalit so‘zlar: suvni tuzsizlantirish; tuzsizlantirish texnologiyalari; quyoshli
tuzsizlantirish; quyoshli suvni tuzsizlantirish tizimlari; qayta tiklanuvchi energiya;
quyosh energiyasi; chuchuk suv ishlab chiqarish; sho‘r suv; minerallashgan suv;
teskari osmos; quyosh distillyatori; energetik samaradorlik; barqaror suv ta’minoti;

suvni tozalash; ekologik barqarorlik.

INTRODUCTION. Water is one of the most important natural resources
necessary for human life, agriculture, industry, and sustainable development.
However, the growing population, climate change, industrial development, and
increasing water consumption have contributed to a significant shortage of
freshwater resources in many regions of the world. Although approximately 70% of
the Earth's surface is covered by water, only a small proportion of it is available as
freshwater suitable for direct human use. Therefore, the development of effective
and environmentally sustainable methods for obtaining freshwater from saline and
brackish water has become an important scientific and technological challenge.

Water desalination is one of the most promising approaches to addressing
freshwater scarcity. Modern desalination technologies can generally be classified
into thermal, membrane, and electrically or chemically driven processes. Among
these technologies, reverse osmosis, multi-stage flash distillation, multi-effect
distillation, and electrodialysis are widely used. However, many conventional
desalination systems require significant amounts of electrical or thermal energy,
which can increase operating costs and environmental impacts.

The use of renewable energy sources, particularly solar energy, provides an
attractive alternative for reducing the energy consumption and environmental impact
of desalination processes. Solar desalination systems use solar radiation directly or

indirectly to evaporate and subsequently condense water, separating freshwater from

h
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dissolved salts and other impurities. Solar stills, solar-powered membrane systems,
and solar thermal desalination technologies are among the main types of solar
desalination systems.

The objective of this article is to classify the main water desalination
technologies and solar desalination systems, examine their operating principles and
technological characteristics, and evaluate their advantages and limitations.
Particular attention is given to the potential of solar desalination technologies for
sustainable freshwater production in regions characterized by high solar radiation
and limited access to conventional water resources.

Water desalination technologies and their classification. Water desalination
is the process of removing dissolved salts, minerals, and other impurities from saline
or brackish water to produce freshwater suitable for domestic, agricultural,
industrial, and other applications. With the increasing shortage of freshwater
resources, desalination has become an important technological solution, particularly
in arid and semi-arid regions. The development of desalination technologies is
closely related to the need to reduce energy consumption, operating costs, and
environmental impacts while maintaining high freshwater production.

Desalination technologies can generally be classified according to the physical
and chemical principles used to separate salts from water. The main groups
include thermal desalination, membrane desalination, and electrochemical
desalination technologies. Thermal methods are based on evaporation and
condensation, in which water is separated from dissolved salts through a phase-
change process. The most widely known thermal technologies include multi-stage
flash distillation (MSF), multi-effect distillation (MED), and vapor compression
distillation (VC).

Membrane technologies use semi-permeable membranes to separate salts and
other dissolved substances from water. Among them, reverse osmosis (RO) is one

of the most widely used desalination methods. In this process, external pressure is
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applied to saline water, forcing water molecules through a semi-permeable
membrane while retaining most dissolved salts and impurities. Other membrane-
based methods include electrodialysis (ED) and electrodialysis reversal (EDR),
which are particularly suitable for treating brackish water.

Another important direction is the use of renewable energy for desalination,
especially solar energy. Solar desalination systems utilize solar radiation either
directly for water evaporation or indirectly to provide the thermal or electrical energy
required for desalination. These systems include solar stills, solar thermal
desalination units, and solar-powered membrane desalination systems. Their
application can significantly reduce dependence on conventional energy sources and
contribute to environmentally sustainable freshwater production.

Thus, the classification of desalination technologies provides a basis for
comparing their operating principles, energy requirements, productivity, economic
efficiency, and environmental performance. The selection of a particular technology
depends on factors such as the salinity of the source water, required freshwater
quality, available energy resources, climatic conditions, installation costs, and
intended application. Among the available approaches, the integration of
desalination technologies with renewable energy sources represents a promising
direction for the development of sustainable and energy-efficient water treatment
systems.

Principles and characteristics of main desalination technologies. Water
desalination technologies are based on different physical, thermal, membrane, and
electrochemical processes. Their selection depends on the salinity of the source
water, required freshwater quality, energy availability, operating costs, and
environmental conditions. The main technologies include thermal desalination,
membrane desalination, and electrochemical methods.

Thermal desalination is based on evaporation and condensation. During

evaporation, dissolved salts remain in the concentrated water, while the generated
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vapor is condensed into freshwater. The main examples are Multi-Stage Flash
(MSF), Multi-Effect Distillation (MED), and Vapor Compression (VC). MSF is
widely used for large-scale seawater desalination, while MED provides more
efficient utilization of thermal energy. VC systems are suitable for smaller-scale
applications and can reuse the heat of compressed vapor.

Reverse Osmosis (RO)is one of the most widely used membrane
technologies. High pressure forces saline water through a semi-permeable
membrane, while most dissolved salts and impurities are retained. RO i1s used for
both seawater and brackish-water treatment. Its main advantages are relatively low
energy consumption, compact equipment, and high freshwater productivity.
However, pretreatment is necessary to prevent membrane fouling and scaling.

Electrodialysis (ED) uses an electric field and ion-selective membranes to
remove dissolved ions from water. It is particularly effective for brackish water with
low or moderate salinity. Electrodialysis Reversal (EDR) improves the process by
periodically reversing the electrical polarity, helping reduce the accumulation of
salts on the membranes.

In addition, membrane technologies such as nanofiltration (NF),
ultrafiltration (UF), and microfiltration (MF) can be used for water treatment and
pretreatment. For example, UF can remove suspended particles and microorganisms
before the RO process, improving membrane performance.

The following table summarizes the main characteristics:

Technology Principle Main application

MSF Flash evaporation Seawater desalination
MED Multiple evaporation stages Seawater desalination

VC Vapor compression Small and medium systems
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Technology Principle Main application

RO Membrane separation under pressure Seawater and brackish water
ED/EDR  lon separation using an electric field Brackish water

NF Selective membrane separation Softening and pretreatment

Overall, each technology has specific advantages and limitations. RO is highly
suitable for modern desalination, while thermal methods are effective for large-scale
applications. The integration of these technologies with solar energy can further
reduce conventional energy consumption and environmental impacts, which leads
to the consideration of solar desalination systems in the next section.

Solar desalination technologies and classification of solar desalination
systems. The development of conventional desalination technologies has created a
need for more sustainable and energy-efficient solutions. Since thermal and
membrane desalination processes require a considerable amount of energy, the use
of solar energy has become an important alternative, especially in regions with high
solar radiation. Solar desalination combines the principles of water desalination
discussed in the previous sections with renewable solar energy to produce freshwater
with lower environmental impact.

Solar desalination can generally be divided into direct and indirect systems. In
direct systems, solar energy is used directly to heat saline water and produce water
vapor. The vapor then condenses on a cooler surface and is collected as freshwater.
The simplest example is the solar still, which consists of a basin containing saline
water, a transparent cover, and a freshwater collection system. Solar radiation passes
through the transparent cover, heats the water, and causes evaporation. The vapor
condenses on the inner surface of the cover and flows into a collection channel.

In indirect solar desalination systems, solar energy is first converted

into thermal or electrical energy and then used to operate a conventional desalination
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process. For example, solar thermal collectors can provide heat for Multi-Effect
Distillation (MED) or other thermal processes. Similarly, photovoltaic panels can
generate electricity for pumps and Reverse Osmosis (RO) units. This combination
allows established desalination technologies to operate using renewable energy.

Solar desalination systems can also be classified as passive and active systems.
Passive solar stills operate mainly through natural solar heating and do not require
additional mechanical equipment. Their construction is relatively simple and
inexpensive, but their freshwater productivity is generally low. Active systems use
additional components such as solar collectors, pumps, external condensers, or heat
storage units to increase evaporation and condensation rates. As a result, active
systems can achieve higher freshwater production.

Another classification is based on the number of evaporation stages. Single-
effect solar stillsuse one main evaporation and condensation process,
whereas multi-effect or multi-stage systems reuse the heat generated during
evaporation to produce additional freshwater. This principle improves thermal
energy utilization and can increase overall productivity.

Thus, solar desalination systems represent a connection between renewable
energy and modern water treatment technologies. Their classification depends
mainly on how solar energy is utilized, the type of desalination process, and the
system configuration. The performance of these systems is influenced by solar
radiation, ambient temperature, water depth, operating time, surface area, and the
efficiency of evaporation and condensation. Therefore, studying the design and
efficiency of solar desalination devices is essential for improving their practical
application and leads directly to the next part of the study.

Solar water desalination devices: design, efficiency and development
prospects.

Solar water desalination devices are designed to convert saline or brackish

water into freshwater by using solar energy. Their operation is mainly based
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on evaporation and condensation. The simplest and most widely known device is
the solar still, which consists of a water basin, transparent cover, insulation layer,
and freshwater collection channel. Solar radiation passes through the transparent
cover and heats the saline water. As the water temperature increases, evaporation
occurs. The produced vapor reaches the relatively cooler inner surface of the cover,
condenses, and flows into the collection channel as freshwater.

The efficiency of a solar desalination device depends on several factors,
including solar radiation intensity, water temperature, ambient temperature, water
depth, transparent cover characteristics, insulation quality, and condensation rate.
Increasing the temperature difference between the saline water and the condensing
surface generally improves evaporation and freshwater production. For example,
reducing the depth of water in the basin can allow it to heat more rapidly, while good
thermal insulation helps reduce heat losses to the environment.

To increase productivity, various improvements can be introduced into solar
desalination devices. Solar thermal collectors can be connected to the system to
provide additional heat, while external condensers can improve vapor condensation.
Heat storage materials can also be used to maintain operation for a longer period
when solar radiation decreases. In more advanced systems, photovoltaic panels can
supply electricity to pumps and control equipment, creating a combined solar-
powered desalination system.

Solar desalination devices have several important advantages. They
use renewable solar energy, produce minimal direct emissions, have relatively
simple construction, and can be used in remote areas where access to conventional
energy and freshwater infrastructure is limited. They are particularly promising for
rural and arid regions with abundant solar radiation. However, their main limitations
include relatively low freshwater productivity, dependence on weather conditions,

and the need for a sufficiently large surface area in some designs.

https:// modernedu-dv.org/index.php/luch/ 451  Yacmo-717 Tom-1_Cenmsaops-2026



https://scientific-jl.com/luch/

ISSN:
3030-3680

JAVYUYIUIHE HHTE/UVIEKTYAJIBHBIE HCCIE/JOBAHUA

Further development of solar desalination systems is focused on increasing
freshwater productivity, improving thermal efficiency, reducing heat losses, and
lowering construction and maintenance costs. The integration of solar stills with
advanced heat-transfer materials, solar collectors, energy-storage systems, and
membrane technologies can significantly improve system performance. Therefore,
solar water desalination devices have considerable potential as an environmentally
friendly and sustainable method for freshwater production, particularly in regions
facing water scarcity and high solar energy availability.

CONCLUSION. Water desalination is an important solution to the growing
problem of freshwater scarcity. The analysis of existing technologies shows that
thermal, membrane, and electrochemical methods have different operating
principles, energy requirements, advantages, and limitations. Among them, reverse
osmosis 1s widely used because of its high efficiency and relatively low energy
consumption, while thermal methods such as MSF and MED are suitable for large-
scale desalination.

Solar desalination technologies provide an environmentally friendly alternative
by using renewable solar energy for freshwater production. Solar stills, solar thermal
desalination systems, and photovoltaic-powered reverse osmosis systems can be
effectively applied in regions with high solar radiation and limited access to
conventional energy resources. Although solar desalination systems have limitations
such as relatively low productivity and dependence on weather conditions, their
environmental and energy advantages make them promising for sustainable water
supply.

Improving the thermal efficiency, freshwater productivity, and reliability of
solar desalination devices, as well as integrating them with energy-storage systems
and modern desalination technologies, can significantly increase their effectiveness.

Therefore, the further development and application of solar water desalination
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systems can contribute to reducing freshwater shortages and ensuring a more

sustainable and environmentally safe water supply.
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