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05.01.00 –	Axborot texnologiyalari, boshqaruv va kompyuter 
grafikasi

05.01.01 –	Muhandislik geometriyasi va kompyuter grafikasi. 
Audio va video texnologiyalari

05.01.02 –	Tizimli tahlil, boshqaruv va axborotni qayta ishlash
05.01.03 –	Informatikaning nazariy asoslari
05.01.04 – Hisoblash mashinalari, majmualari va kompyuter 

tarmoqlarining matematik va dasturiy ta’minoti
05.01.05 – Axborotlarni himoyalash usullari va tizimlari. Axborot 

xavfsizligi
05.01.06 – Hisoblash texnikasi va boshqaruv tizimlarining 

elementlari va qurilmalari
05.01.07 – Matematik modellashtirish
05.01.11 – Raqamli texnologiyalar va sun’iy intellekt
05.02.00 – Mashinasozlik va mashinashunoslik
05.02.08 – Yer usti majmualari va uchish apparatlari
05.03.02 – Metrologiya va metrologiya ta’minoti
05.04.01 – Telekommunikasiya va kompyuter tizimlari, 

telekommunikasiya tarmoqlari va qurilmalari. 
Axborotlarni taqsimlash

05.05.03 – Yorugʻlik texnikasi. Maxsus yoritish texnologiyasi
05.05.05 – Issiqlik texnikasining nazariy asoslari
05.05.06 – Qayta tiklanadigan energiya turlari asosidagi energiya 

qurilmalari
05.06.01 – Toʻqimachilik va yengil sanoat ishlab chiqarishlari 

materialshunosligi

05.08.03 – Temir yoʻl transportini ishlatish
05.08.06 – “Gʻildirakli va gusenisali mashinalar va ularni ishlatish” 

(texnika fanlari)
05.09.01 – Qurilish konstruksiyalari, bino va inshootlar
05.09.04 – Suv ta’minoti. Kanalizatsiya. Suv havzalarini 

muhofazalovchi qurilish tizimlari
10.00.06 – Qiyosiy adabiyotshunoslik, chog‘ishtirma tilshunoslik 

va tarjimashunoslik
10.00.04 – Yevropa, Amerika va Avstraliya xalqlari tili va adabiyoti
08.00.01 – Iqtisodiyot nazariyasi
08.00.02 – Makroiqtisodiyot
08.00.03 – Sanoat iqtisodiyoti
08.00.04 – Qishloq xo‘jaligi iqtisodiyoti
08.00.05 – Xizmat ko‘rsatish tarmoqlari iqtisodiyoti
08.00.06 – Ekonometrika va statistika
08.00.07 – Moliya, pul muomalasi va kredit
08.00.08 – Buxgalteriya hisobi, iqtisodiy tahlil va audit
08.00.09 – Jahon iqtisodiyoti
08.00.10 – Demografiya. Mehnat iqtisodiyoti
08.00.11 – Marketing
08.00.12 – Mintaqaviy iqtisodiyot
08.00.13 – Menejment
08.00.14 – Iqtisodiyotda axborot tizimlari va texnologiyalari
08.00.15 – Tadbirkorlik va kichik biznes iqtisodiyoti
08.00.16 – Raqamli iqtisodiyot va xalqaro raqamli integratsiya
08.00.17 – Turizm va mehmonxona faoliyati

Maʼlumot uchun, ОАК 
Rayosatining 2024-yil 28-avgustdagi 360/5-son qarori 

bilan “Dissertatsiyalar asosiy ilmiy natijalarini chop 
etishga tavsiya etilgan milliy ilmiy nashrlar ro‘yxati”ga 
texnika va iqtisodiyot fanlari bo‘yicha “Muhandislik va 

iqtisodiyot” jurnali ro‘yxatga kiritilgan.

M u a s s i s: “Tadbirkor va ishbilarmon” MChJ
H a m k o r l a r i m i z: 
1.	 Toshkent shahridagi G.V.Plexanov nomidagi Rossiya iqtisodiyot universiteti 
2.	 Toshkent davlat iqtisodiyot universiteti
3.	 Toshkent irrigatsiya va qishloq xo‘jaligini mexanizatsiyalash muhandislari instituti” milliy tadqiqot universiteti 
4.	 Islom Karimov nomidagi Toshkent davlat texnika universiteti
5.	 Muhammad al-Xorazmiy nomidagi Toshkent axborot texnologiyalari universiteti 
6.	 Toshkent davlat transport universiteti 
7.	 Toshkent arxitektura-qurilish universiteti
8.	 Toshkent kimyo-texnologiya universiteti
9.	 Jizzax politexnika instituti
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CLASSIFICATION OF WATER DESALINATION 
TECHNOLOGIES AND SOLAR DESALINATION 
SYSTEMS

Mironshox Amrulloyevich Barilloyev
Doctoral Student at Bukhara State University

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.

Keywords: Water desalination; desalination technologies; solar desalination; solar water desalination systems; renew-
able energy; solar energy; freshwater production; saline water; brackish water; reverse osmosis; solar still; energy effi-
ciency; sustainable water supply; water purification; environmental sustainability.

I N T R O D U C T I O N
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 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.

L I T E R A T U R E  R E V I E W 
The scientific literature on water desalination shows that the development of this field has proceeded 

in two interconnected directions: improvement of conventional thermal and membrane technologies, and 
integration of desalination processes with renewable energy sources. H. T. El-Dessouky and H. M. Ettouney 
systematized the theoretical and engineering foundations of thermal desalination and emphasized that the 
efficiency of MSF and MED systems is determined largely by rational heat recovery and reduction of specific 
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energy consumption [1]. In the author’s view, this position remains fundamental for the analysis of solar-
assisted thermal desalination, because the advantage of solar energy can be fully realized only when heat 
losses inside the desalination unit are minimized.

H. M. Qiblawey and F. Banat considered solar thermal desalination as one of the most promising options for 
regions characterized by high solar irradiation and limited conventional energy resources [2]. H. Sharon and K. 
S. Reddy, reviewing solar-energy-driven desalination technologies, showed that photovoltaic reverse osmosis 
and solar thermal desalination should be selected according to source-water salinity, required capacity, climatic 
conditions, and economic constraints [3]. These conclusions are supported by S. A. Kalogirou, who noted 
that there is no universally optimal solar desalination configuration and that system selection must be based 
on local operating conditions [4]. The author agrees with this approach and considers climatic adaptation 
to be especially important for Uzbekistan, where high solar radiation is favorable, but seasonal temperature 
variation, dust, water mineralization, and maintenance conditions may substantially affect real performance.

A. E. Kabeel and S. A. El-Agouz summarized the major design approaches used in solar stills and 
demonstrated that productivity can be improved by increasing evaporation intensity, enhancing condensation, 
reducing thermal losses, and applying additional heat-transfer elements [5]. From the author’s perspective, 
these measures should not be evaluated only by the amount of distilled water produced; the complexity, cost, 
reliability, and serviceability of the proposed design must also be considered. Therefore, the most effective 
device is not necessarily the configuration with the maximum laboratory productivity, but the one that provides 
a rational balance between output, energy efficiency, simplicity, and operating cost.

A significant contribution to the development of solar desalination in Uzbekistan has been made by 
local researchers. J. S. Akhatov has investigated passive greenhouse-type solar desalination units, active 
multistage evaporation-condensation systems, and photovoltaic-powered reverse-osmosis installations. His 
studies include energy and exergy analysis of PV-powered RO desalination and investigations of the influence 
of inlet-air humidity and temperature on evaporation-chamber efficiency [6]. The author considers these works 
particularly valuable because they connect theoretical heat-and-mass-transfer analysis with conditions relevant 
to Uzbekistan and demonstrate that the performance of solar desalination must be assessed through both 
energy and exergy indicators.

J. S. Akhatov, K. A. Samiev, M. S. Mirzaev, and co-authors proposed and theoretically investigated a 
combined solar desalination and drying plant, developing a mathematical model based on heat-balance 
equations and evaluating its thermal-technical characteristics [7]. In the author’s opinion, the scientific value 
of this approach lies in the multifunctional use of solar heat: the same solar-energy infrastructure can support 
both water desalination and agricultural-product drying, which may improve the practical and economic 
attractiveness of such systems in rural areas.

N. Z. Rakhimov and A. G. Komilov analyzed ways of increasing the efficiency of a solar water desalination 
unit and proposed the use of a turbo-deflector to intensify air circulation and condensation processes [8]. Their 
work confirms that relatively simple constructive modifications can influence the thermal regime of a solar still. 
The author believes that this direction is practically important because passive or low-power intensification 
methods are more suitable for decentralized water supply than solutions that require complex auxiliary 
equipment and continuous electricity consumption.

Research conducted by H. Ş. Aybar, J. S. Akhatov, N. R. Avezova, and A. S. Halimov on a pilot photovoltaic-
powered reverse-osmosis desalination system demonstrated the possibility of coupling membrane desalination 
with solar electricity [9]. This approach is especially relevant where brackish groundwater is available but grid 
electricity is unstable or absent. Nevertheless, the author considers that PV–RO systems require a separate 
assessment of membrane fouling, pretreatment demand, battery or storage requirements, and life-cycle cost 
before broad implementation.

Thus, the reviewed foreign and local studies show a common scientific trend: increasing freshwater 
productivity through improved heat and mass transfer, while simultaneously reducing dependence on 
conventional energy. At the same time, the literature reveals a research gap. Many studies focus either on 
laboratory productivity or on individual energy indicators, whereas integrated evaluation of productivity, thermal 
efficiency, reliability, construction simplicity, maintenance requirements, and economic feasibility under local 
climatic conditions is less frequently addressed. The present article therefore adopts a comparative approach 
and treats solar desalination not only as a thermal process, but as an engineering system whose applicability 
depends on the combined effect of energy, technological, environmental, and operational factors [10].

R E S E A R C H  M E T H O D O L O G Y 
This study employed literature review, comparative analysis, classification, systematization, and 
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generalization methods to investigate water desalination technologies and solar-energy-based desalination 
systems. The main desalination approaches, including thermal, membrane, electrochemical, and solar-based 
technologies, were comparatively analyzed.

Each technology was evaluated in terms of its operating principle, energy consumption, technical 
efficiency, freshwater production capacity, operational characteristics, environmental impact, and economic 
feasibility. Particular attention was paid to solar desalination systems using renewable energy sources. Direct 
and indirect solar desalination systems, passive and active configurations, as well as systems integrated with 
solar collectors and photovoltaic modules, were examined and compared.

During the analysis, the main advantages and limitations of the selected technologies were identified, and 
their applicability under different climatic and operational conditions was assessed. Based on the obtained 
results, a classification of water desalination technologies was developed, while the energy efficiency, 
environmental sustainability, and future practical prospects of solar-powered desalination systems were 
summarized.

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 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 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 is used for both seawater and brackish-water treatment. Its main advantages are relatively low energy 
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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 (Table 1.).

Table 1.
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
RO Membrane separation under pressure Seawater and brackish water

ED/EDR Ion 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.

A N A LY S I S  A N D  R E S U LT S
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 a 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 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 stills use 
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 



M U H A N D I S L I K  VA  I Q T I S O D I Y O T

461

2026-yil, sentyabr.  № 9-son

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 on evaporation and condensation. The simplest and most 
widely known device is the solar still, which consists of a water basin, a transparent cover, an insulation layer, 
and a 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.

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.

C O N C L U S I O N  A N D  R E C O M M E N D A T I O N S 
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 is 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 
systems can contribute to reducing freshwater shortages and ensuring a more sustainable and environmentally 
safe water supply.
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