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Dolzarbligi: ushbu tadqiqot quyosh termal sovutish texnologiyalarining potentsialini an'anaviy elektr energiyasi
bilan ishlaydigan sovutish tizimlariga barqaror alternativ sifatida o'rganadi, bu sovutish uchun global talabning
ortishi bilan 2050 yilga kelib uch baravar ko'payadi. Quyosh issiqlik tizimlari, shu jumladan assimilyatsiya, ad-
sorbsiya va ejektorli sovutish tizimlari, issigxona gazlari chiqindilarini va energiya sarfini sezilarli darajada ka-
maytirish uchun qayta tiklanadigan energiya manbalaridan foydalanadi.

Magsad: miqdoriy jihatdan quyosh issiqlik kollektorlari turiga qarab 50-80% gacha samaradorlikka erishadilar,
assimilyatsiya tizimlari ishlash koeffitsientini (COP) 0,6-0,8, ejektor tizimlari esa 0,3-0,5 termal COP va ad-
sorbsion tizimlarni namoyish etadi.0,2-0,6 dan farq qiladi. Aksincha, fotovoltaik tizimlar quyosh energiyasini
sovutishga o'tkazishda 16-18% samaradorlik bilan cheklangan. Bundan tashqari, quyosh termal sovutish tizimlari
yuqori quyosh nurlanish zonalarida yillik sovutish talablarining 30-50 foizini qoplashi mumkin, bu an'anaviy
energiya manbalariga bo'lgan ishonchni sezilarli darajada kamaytiradi.

Usullari: sifat jihatidan ushbu tizimlar shovqinni kamaytirish, soddalashtirilgan texnik xizmat ko'rsatish va turli
xil issiqlik manbalariga moslashish kabi afzalliklarni taklif etadi, bu ularni turar-joy va sanoat dasturlarida iqti-
sodiy jihatdan foydali giladi. Boshlang'ich kapital xarajatlarining yuqori bo'lishiga qaramay, ularning operatsion
samaradorligini oshirish uchun materiallar va dizayndagi yutuqlar kutilmoqda.

Natijalar: umuman olganda, quyosh termal sovutish texnologiyalari global energiya samaradorligi maqsadlariga
mos keladigan va qazilma yoqilg'idan olinadigan elektr energiyasiga bog'liqlikni kamaytiradigan barqaror
sovutish uchun o'lchovli echimni anglatadi. Kelajakdagi tadqiqotlar issiqlik ko'rsatkichlari va iqtisodiy
samaradorlikni oshirish, an'anaviy sovutish texnologiyalari bilan kengroq qabul qilish va raqobatbardoshlikni
ta'minlash uchun juda muhimdir.

Kalit so'zlar: energiya samaradorligi, meva-sabzavot saqlash omborlari, quyosh sovutish, qayta tiklanadigan
energiya, sorbsion sovutish tizimlari.
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AKTYaJILHOCTB: B 3TOM HCCICJOBAaHHH PACCMATPUBAETCS MOTCHIMAN TEXHOJOTHH CONHEYHOTO TEILIOBOTO
OXJIaXJICHUS B KaUeCTBE YCTOMUMBOI aJbTepPHATUBbI TPAJULIUOHHBIM CHCTEMaM OXJIAKICHUS, pabOTaloIUM Ha
JNEKTPUYECTBE, YTO OOYCIOBICHO PACTYIIUM MHPOBBIM CIIPOCOM Ha OXJIaXICHHE, KOTOPBIH, IO MPOTHO3aM,
yrpoutcst k 2050 romy. CosHeuyHble TEIUIOBBIE CHCTEMbI, BKIIOYas aOCOpOLMOHHBIC, aJCOPOIIMOHHO-
2)KEKTOPHBIE CHCTEMBI OXJIAXK/ICHUSI, MCIIOJIb3YIOT BO30OHOBIsIEMbIE UCTOYHUKH SHEPIHHU IS 3HAUYUTEILHOTO
COKpAII[eHUs] BHIOPOCOB TAPHUKOBBIX T'a30B M OTPEOICHUS SHEPTHH.

Leab: KOJIMYECTBEHHO COJHEYHBIE TEIUIOBBIE KoywiekTopsl nocturatot KIIJ] B muamazone 50-80%, B 3aBHCcH-
MOCTH OT THIIa, TIPH 3TOM COPOIIMOHHBIE CHCTEMBI JEMOHCTPUPYIOT KoddduireHT monesnoro aeiicteus (KI1I)
0,6-0,8, B TO BpeMsl KaK 3KEKTOPHBIE CHCTeMBI AeMoHCTpupyroT TeruioBoit KI1/] 0,3-0,5, a amcopOimoHHEIe
cucteMsl - B auanasone 0,2-0,6. Hanportus, 3¢ ekTuBHOCTD (HOTOISKTPHUECKUX CUCTEM HPH MpeoOpa3oBaHKUH
COJIHEUHOM SHEPruM B oxXJaxJaeHue orpaHuueHa 16-18%. Kpome Toro, conHe4HbIE TEIJIOBBIE CUCTEMbI OXJIa-
KICHUS MOTYT yIOBIeTBOPUTH 30-50% To0BbIX TOTPEOHOCTEH B OXJIAXKACHUU B 30HAX C BHICOKOI COJHEUHOI
00JTy4€HHOCTBIO, CYIIIECTBEHHO CHIXKAsi 3aBUCUMOCTh OT TPAAULMOHHBIX HCTOYHUKOB SHEPTUH.

MeToapl: B KaueCTBEHHOM OTHOIICHHWH 3TH CHUCTEMBI OONaJaf0T TaKWMMHU IPEHMYIICCTBAMHU, KaK CHIKCHHE
YPOBHS IIIyMa, YIPOIIEHHE TEXHUIECKOTO OOCITYKHBaHUS U aIallTHPYEMOCTh K Pa3IMYHBIM NCTOYHHUKAM Tell-
JIa, YTO JIEJIAeT MX SKOHOMUYECKU BHITOIHBIMU KaK JIJIS )KIJIBIX TOMEIICHUA, TaK U JUIS POMBIILUICHHBIX TPH-
MeHeHuid. HecMoTpst Ha Goliee BRICOKHUE MTEPBOHAYATBHBIC KAITUTAIBHBIC 3aTPAThI, 0’KUIACTCS, YTO YCOBEPILCH-
CTBOBaHHMs B MaTepuajax U Au3aitHe MoBbICAT 3()(GEKTUBHOCTD UX IKCILTyaTallUH.
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Pe3yabTaThl: B 11€JI0M, TEXHOJIOTHH COJHEYHOTO TEIIOBOTO OXJIXKIEHHS MPEACTABISIOT co00ii MacmTadbupy-
eMOoe pellIeHHe Ul YCTOMYNBOTO OXJIXKIEHHs, COOTBETCTBYIOIIEE TII00AIBHBIM LIESIM B 00IacTH SHepros¢-
(EKTHBHOCTH U CHIDKAIOLIEE 3aBUCUMOCTD OT 3JIEKTPOIHEPTUH, MOIy4aeMoi U3 MCKOIaeMoro Torumea. byy-
M€ UCCIEI0BAaHNS NMEIOT Pellalolee 3HaueHUE AT yIydIIeHHs TETIOBBIX XapaKTePUCTHK U SKOHOMHUYECKOH
3¢ (EeKTUBHOCTH, CIIOCOOCTBYS 0ojIee MMPOKOMY BHEIPEHHUIO M KOHKYPEHTOCIIOCOOHOCTH TPaIUIIMOHHBIX TeX-
HOJIOTHI OXJIaXKIAEHHS.

KnioueBbie cioBa: 3Heprod(pGeKTHBHOCTH, OBOIIEXPAHMIIHIIA, COJHEYHOE OXJIAXICHHE, BO300OHOBIISIEMBIC
HCTOYHUKH YHEPTUH, CUCTEMBI COPOIIMOHHOTO OXJIXKACHHSI.
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Relevance: this study investigates the potential of solar thermal cooling technologies as sustainable alternatives
to traditional electricity-driven cooling systems, driven by the increasing global demand for cooling, projected to
triple by 2050. Solar thermal systems, including absorption, adsorption, and ejector cooling systems, leverage
renewable energy sources to reduce greenhouse gas emissions and energy consumption significantly.

Aim: quantitatively, solar thermal collectors achieve efficiencies ranging from 50-80%, depending on the type,
with absorption systems demonstrating a coefficient of performance (COP) of 0.6-0.8, while ejector systems ex-
hibit a thermal COP of 0.3-0.5 and adsorption systems range from 0.2-0.6. In contrast, photovoltaic systems are
limited to an efficiency of 16-18% when converting solar energy to cooling. Furthermore, solar thermal cooling
systems can cover 30-50% of annual cooling demands in high solar irradiance zones, substantially decreasing
reliance on conventional energy sources.

Methods: qualitatively, these systems offer benefits such as reduced noise, simplified maintenance, and adapta-
bility to various thermal sources, making them economically viable in both residential and industrial applications.
Despite the higher initial capital costs, advancements in materials and design are anticipated to enhance their
operational efficiency.

Results: overall, solar thermal cooling technologies represent a scalable solution for sustainable cooling, aligning
with global energy efficiency goals and mitigating dependency on fossil fuel-derived electricity. Future research
is crucial for improving thermal performance and cost-effectiveness, facilitating broader adoption and competi-
tiveness with conventional cooling technologies.

Key words: energy efficiency, vegetable storage, solar cooling, renewable energy sources, sorption cooling sys-
tems.

1. Introduction

The global demand for cooling is rapidly increasing, driven by rising temperatures and
urbanization (figure 1). According to the International Energy Agency (IEA) , the energy consumed
by air conditioners and electric fans accounts for nearly 20% of total electricity use in buildings
worldwide, which is expected to triple by 2050 [1]. Solar thermal energy presents a promising
alternative, as it provides a renewable source of energy for cooling, particularly in sunny regions
where cooling demands are highest [2]. Solar thermal cooling systems, based on technologies like
absorption and adsorption chillers, can achieve significant reductions in greenhouse gas emissions and
energy consumption by converting solar heat directly into cooling capacity with minimal reliance on
electricity[3].

In technical terms [table 1], solar thermal cooling systems typically use collectors such as flat
plate, evacuated tube, or parabolic trough collectors to harvest solar energy. These systems operate
with efficiencies between 50-70% for flat plate collectors and up to 75-80% for evacuated tube and
parabolic trough collectors [4], achieving collector temperatures ranging from 60°C to over 200°C.
These temperature ranges are particularly suited to drive absorption chillers, which can deliver cooling
with coefficients of performance (COP) between 0.6-0.8 [5], depending on the collector efficiency and
solar irradiance levels. In high solar irradiance zones, solar thermal cooling systems can cover 30-50%
of annual cooling demands [6], providing a substantial reduction in conventional energy requirements.

By integrating solar thermal collectors in cooling applications, buildings and industrial facilities
can significantly reduce their cooling-related energy consumption and carbon footprint [7]. This study
aims to examine the application of solar thermal collectors in cooling systems, focusing on technical
indicators like system efficiency, COP, solar fraction, and collector performance, providing a
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quantitative assessment of these systems' potential for sustainable cooling solutions worldwide.

100+ Global Electricity Consumption for Cooling
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Fig. 1. Global Electricity Consumption for Cooling

Table 1. Comparison of Collector Types and Performance Indicators

Ne | Collector Type Efficiency Operating Temperature Suitable for Ab-
Range Range sorption Chillers
1 Flat Plate Collectors 50-70% 60°C - 90°C Yes
2 Evacuated Tube 75-80% 60°C - 200°C Yes
Collectors
3 Parabolic Trough 75-80% 60°C - 200°C Yes
Collectors

In the hot, summer season, when insolation is highest, more energy is required for refrigerators.
Thus, the highest consumption of frost corresponds to the performance peaks of solar photovoltaic and
photothermal modules. By combining solar thermal energy, modern suction and adsorption
technologies or heat pumps, heat can be used for cooling in the storage of buildings, products.
However, the efficiency of modern commercial photovoltaic panels does not exceed 25%, i.e.the total
efficiency of converting solar energy first into electricity and then into heat does not exceed 16-18%
[8, 9]. In general, this is not effective enough and requires significant maintenance costs. Photovoltaic
refrigerators are therefore considered to be inferior in efficiency to refrigerants that use thermal energy
directly.

The generation of cold energy from solar thermal energy is achieved by first making solar energy
look like heat or electricity. While solar thermal energy is generated by the use of cooling energy in
sorbic and thermomechanical processes, electricity is used in Steam-compressor and thermoelectric

cold production processes figure 2 [10].

!

Thermomechanics Vapor compressor system

Absorption —>

Thermoelectric system

~
-
B

Adsorption > Stirling

—> Ejector

Fig. 2. The production of cold energy from solar thermal energy
2. (Methods and materials

Absorbent refrigerant refers to a design in which a heat source is used to provide the energy need-
13
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ed to activate the cooling system. Absorbent refrigerators are a real alternative to compressor refriger-
ators when they come first:

- power shortage,

- high cost of the system,

- compressor noise,

- excessive heat production.

Open cycle sorption systems.

The open cycle sorption system is basically cooling systems drying. With liquid and solid drying,
such cooling periods are known. In an open cycle system, water comes into contact with the coolant
and direct air. In a heat-operated cooling cycle, evaporation interacts with the drain in the cooling dry-
er. Because the refrigerant is removed from the system cycle is called "Open". Common technology,
today, uses silica gel or lithium chloride Rotary rotors equipped with sorbent materials [11, 12]. The
system is shown in Figure 3.

- Heat input (e )

o
Hot water Heater T Preheated feed water
(it T,3) PO precaeeerene - 24 (rp T,5)
Hot and )
saturated air
(i g Toar
. . T;J.wa)
Humidifier Dehumidifier
Distillate (riz,}
) 2 Airblower :
Rejected water 4o 4 SR D rentrrrarrerinns ¥ I 1 Feed water
(i, T 4} 5 (’kp 7.0
Cold and saturated air .
(rﬁda! 7:J.t:i‘.bl 7:1‘.w.tvl) l Feed water pump

Fig. 3. Open system: cooling system with humidifier through liquid [24]

The drainage cooling system is the most expensive system due to the need for large amounts of
processing compared to other sorption air and water systems. Closed-cycle sorption cooling system
technologies are the second group of systems. These are in the general case suction, adsorption and
cooling systems ejector cooling.

Closed cycle sorption systems. Absorption cooling systems.

The principle of operation of the absorption cycle is similar to the vapor compression cycle, the
main differences with the two. The first difference is that unlike electrically powered mechanical
compressor refrigerators, cycle absorption is a heat-powered thermal system with little mechanical
energy for liquid pumps. The second difference is that the presence of a secondary liquid is known as
an absorbent to a working refrigerator. The absorbent solution is used to extract steam from the refrig-
erator, which makes it cost-effective to increase its pressure using a liquid pump, not a steam pump
compressor, which requires more mechanical work. Figure 4 shows the basic cycle of absorption cool-
ing. The components of the main cycle are evaporator, absorber, solution pump, generator, condenser
and expansion valves. Similar to the Steam compression cycle, the absorption cycle operates at two
pressure levels. The low-level pressure corresponds to the evaporator and absorber, while the capaci-
tor operates at the high-pressure level of the generator. The high pressure level is about ten times
higher than the low pressure level, which allows the separation of heat from the refrigerant at the
commonly used temperature [13]. These systems are well designed and available on the market. They
are more economical than other thermal cooling systems. In addition, absorbent refrigerators are
available for a wide range of applications, and they cost lower than other thermally activated cooling
systems for such purposes [13, 14].

Thus, the suction cooler technology is the most promising method for solar thermal cooling and,
as expected, will compete with traditional systems in the near future in air conditioners. At the same
time, the capital costs for such systems are very large [16, 19]. Therefore, it is necessary to carry out
additional studies to assess the energy efficiency, reliability and economic efficiency of this technolo-
gy in relation to traditional systems such as air conditioning, ventilation and air conditioning.
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Y

Solar
Collector

Fig. 4. Basic scheme of the absorption refrigeration cycle [15, 20]

Adsorption cooling systems.

The effect of the adsorption cooling cycle between the refrigerant vapors and the solid adsorbent
to achieve a refrigerant based on the phenomenon of physical adsorption. When heated, the solid ab-
sorber disrupts the direction of steam and increases the pressure in the container with steam. It mainly
generates heat from a compressor that replaces a simple mechanical compressor. This device is shown
in Figure 5 [17, 18].

Refrigrant vapors

Capacitor_ . Generator

/i

Py
Cooling water
-

Chilled water

- g
Evaporator

Absorber pump

Fig. 5. Schematic diagram of the adsorption cooling system [17, 18]

Although only a limited number of manufacturers have adsorption refrigerators, this technology is
capable of working well with dry low-temperature heat source, which is more suitable for working
with the cooling tower. However, they are usually heavy, bulky and relatively expensive, especially
with high-performance parametric.

Ejector cooling systems.

Consider Figure 6 to describe the principle of operation of the ejector cooling system. The system
consists of a solar collector, generator, ejector, capacitor and evaporator. The solar collector is con-
nected to the tank storage, circulating pump and regulator. The ejector replaces the compressor in a
conventional cooling system and is powered by a low-power energy source supplied by the solar col-
lector subsystem via a generator. Heated water is collected in a storage tank and hot water is circulated
between the pump tank and generator. Water enters the generator and exchanges heat with liquid re-
frigerant pumped from the condenser. The refrigerator evaporates, it overheats and is sent to the ejec-
tor as a primary stream. Others the main component is for the manufactured cold consumer who sup-
plies the manufactured product. The produced refrigerant vapor is controlled by a low pressure current
in the ejector [22]. This is the secondary flow in the ejector system. Primary and secondary currents
are mixed in the mixing zone in the ejector under constant pressure and the mixed current is directed
to the diffuser at the exit ejector. Here an increase in pressure is achieved and the total current is di-
rected to the capacitor. After condensation, the liquid coolant is divided into two currents: one of them
is pumped through the expansion valve to heat up, and the other to the generator. The solar collector is
the main source of energy that provides heat for the generator.
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Fig. 6. Schematic diagram of the solar ejector cooling system [21]

The technology of the ejector cooling system has been used in practice for quite some time. The
current state of development of such systems is characterized by their low efficiency compared to, for
example, Steam compression devices. However, ejector cooling systems have advantages such as
simplicity and the absence of moving parts. The main advantage of the ejector is the ability of cooling
systems to produce cold using residual thermal energy at temperatures above 80 °C from various heat
sources [23].

As a result of the analysis of the scientific and technical literature in the field of solar-powered
cooling systems, it was found that currently such systems are the most promising for storing products
in regions with a hot climate and high solar radiation density. For the tasks of cooling as well as ob-
taining moderate Frost, heat-powered single-stage bromine lithium cooling systems from solar collec-
tors have the best performance. Given the peculiarities of working in arid regions with water shortag-
es, the development of a system that reduces water loss to remove evaporation and droplets in the
cooling tower, which cools the absorber and condenser of the refrigerant, is one of the urgent tasks.
Since solar collectors occupy large areas in this system, it can be seen that it is convenient to apply a
double-acting collector to heat the coolant to start the coolant generator during the day and to use the
coolant to cool the coolant in the battery tank at night, and then to absorb dust and cool the condenser.
The purpose of this analysis was analyzed to be effective in researching the energy-efficient cooling
system with a dual collector when used to store fruits and vegetables in regions with hot climates.

3. Results

Based on the above data, a detailed study of solar cooling systems has been cited as an alternative
to the traditional cooling system, especially in sunny and hot regions. For Uzbekistan, the integration
of solar cooling systems will be a convenient solution to meet cooling requirements and reduce energy
consumption for cooling in fruit and vegetable storage warehouses. Below is a solution that can focus
on the convenience of solar cooling systems in Uzbekistan.

Solar Energy Availability: Uzbekistan has abundant sunlight, with significant solar irradiance
throughout most of the year. This makes solar thermal energy a viable and cost-effective source for
cooling, especially in summer months when the demand for refrigeration and cooling is highest. The
abundant sunlight offsets the high initial investment in solar thermal systems, allowing for a faster
return on investment (ROI) through savings on electricity bills.

Government Incentives: The government of Uzbekistan has been increasingly supportive of re-
newable energy initiatives. With subsidies or incentives for green energy technologies, such as solar
power, the high initial cost of solar thermal cooling systems can be significantly reduced. Programs
encouraging renewable energy adoption could provide financial assistance, making the transition to
solar thermal cooling more affordable for both private and commercial sectors.

Electricity Prices: Uzbekistan’s electricity prices, while relatively low compared to many other
countries, are rising due to increasing energy demand. Solar thermal cooling systems, which have
minimal electricity requirements and can operate during peak sunlight hours, can help reduce depend-
ency on the grid and lower long-term energy costs. The high operational costs of traditional refrigera-
tion systems, which rely heavily on grid electricity, further reinforce the economic case for solar
thermal solutions.

4. Discussion

Convenience of cooling systems operating on the basis of solar thermal energy in Uzbekistan.
High Solar Irradiance: Uzbekistan experiences high levels of solar radiation, particularly in the
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summer, which matches the peak demand for cooling. Solar thermal systems, including those based
on absorption and adsorption technologies, are ideal for regions with abundant sunlight. During the
hottest months, the solar collectors can generate sufficient thermal energy to drive the cooling system,
reducing reliance on conventional electricity sources.

Compatibility with existing infrastructure: cooling systems based on solar thermal energy can be
combined with existing cooling systems in fruit and vegetable storage warehouses and industries. For
example, the suction and adsorption coolers discussed above can be installed alongside traditional
HVAC systems, providing a hybrid approach that maximizes energy efficiency while maintaining
cooling comfort.

Storage of Perishable Goods: Solar thermal cooling is particularly effective in industries related to
agriculture, which is a cornerstone of Uzbekistan’s economy. By utilizing solar thermal systems for
cooling warehouses and storage facilities for fruits and vegetables, significant reductions in energy
consumption can be achieved. This would be especially beneficial in hot climates, where conventional
cooling methods are less efficient and more costly.

Technological Advancement: While solar thermal cooling technology, such as absorption and ad-
sorption chillers, is relatively advanced, it is still emerging in the global market. In Uzbekistan, the
adoption of this technology could be seen as an opportunity for technological leapfrogging, allowing
businesses to adopt more energy-efficient systems without going through earlier, less efficient stages
of cooling technology development.

5. Conclusion

This study demonstrates that solar thermal energy-driven cooling technologies-specifically ab-
sorption, adsorption, and ejector cooling systems—offer promising alternatives to traditional, elec-
tricity-driven cooling systems by leveraging sustainable energy sources and enhancing cooling effi-
ciency in high insolation regions.

Quantitatively, the efficiency of photovoltaic-based cooling systems remains capped around 16-
18% after converting solar energy to electricity and subsequently to cooling, whereas thermally driven
systems can achieve comparable or higher efficiencies using direct thermal energy. For example, ab-
sorption cooling systems operate effectively with low-grade heat sources and achieve efficiencies be-
tween 50-70% of comparable vapor-compression systems. Meanwhile, ejector systems, although less
efficient overall (around 0.3-0.5 for thermal COP), excel in simplicity and maintenance due to fewer
moving parts, making them suitable for regions with high ambient temperatures where waste heat re-
covery is feasible. Adsorption systems have lower thermal COP (0.2-0.6), but their reliance on solid
desiccants like silica gel or zeolite enables operation with lower temperature sources, thus broadening
their application range.

Qualitatively, solar thermal cooling systems stand out for their environmental benefits, especially
in scenarios with limited electricity access or high costs. They also provide noise reduction, simpler
maintenance, and adaptability to a variety of thermal sources, which makes them economically viable
alternatives to compressor-based systems in both residential and industrial applications. Despite high-
er initial capital costs, particularly for absorption and adsorption systems, ongoing improvements in
sorption materials and system design are expected to further enhance their economic and operational
viability.

Thus, solar thermal cooling technologies represent a scalable solution for sustainable cooling,
aligning with global energy efficiency goals and reducing dependency on fossil fuel-derived electrici-
ty. Further research is essential to improve the thermal performance and reduce costs, facilitating
broader adoption and competitiveness with conventional cooling technologies.
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