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ABSTRACT 

 

This article reviews the recent advancements in solar thermal cooling technologies, highlighting the significance of 

renewable energy for cooling applications, especially in regions with high cooling demand and abundant sunlight. 

Solar thermal cooling utilizes the heat from the sun to drive cooling processes, and this review explores the primary 

methods, including absorption chillers, adsorption chillers, and solar-assisted vapor compression systems. We also 

discuss the latest innovations, challenges, and the future outlook of solar thermal cooling in commercial and 

residential applications. The study further emphasizes the environmental and economic benefits of these 

technologies, particularly in reducing carbon footprints and operational costs. 

 

Keywords: Solar thermal cooling, absorption chillers, adsorption chillers, vapor compression systems, renewable 

energy, cooling systems, energy efficiency, sustainable technology. 

 

INTRODUCTION  

In recent years, the demand for energy-efficient and 

environmentally friendly cooling solutions has grown 

due to the increasing effects of global warming, 

urbanization, and population growth. Conventional 

cooling technologies, such as air conditioning systems, 

contribute significantly to energy consumption and 

greenhouse gas emissions. As a response, solar thermal 

cooling (STC) has emerged as a promising sustainable 

alternative, which leverages solar energy to provide 

cooling for residential, commercial, and industrial 

applications. 

Solar thermal cooling technologies work by converting 

solar energy into thermal energy, which is then used to 

drive refrigeration cycles or cooling processes. These 

systems can significantly reduce the reliance on electrical 

power grids, especially in sunny regions, leading to 

reduced energy costs and a smaller carbon footprint. Over 

the past decade, several innovations have been made in 

solar thermal cooling systems, making them more 

efficient, affordable, and accessible. 

This article provides a comprehensive review of recent 

trends in solar thermal cooling technologies. It explores 

the various methods employed, the technological 

advancements, the challenges encountered, and the future 

outlook of these systems. 

In recent years, the global demand for energy has 

escalated at an unprecedented rate due to rapid 

industrialization, urbanization, and population growth. 

Concurrently, the adverse effects of climate change, such 

as rising global temperatures, have further intensified the 

demand for cooling technologies. Traditional cooling 

systems, which primarily rely on electricity generated 

from non-renewable sources, have become increasingly 

unsustainable due to their high energy consumption and 

environmental impact. This has prompted researchers 

and engineers to seek innovative, energy-efficient 

solutions to meet cooling demands while mitigating the 

effects of climate change. 

Among the promising alternatives, solar thermal cooling 

technologies have garnered significant attention as a 

sustainable and energy-efficient solution. These systems 

harness solar energy, a renewable and abundant resource, 

to provide cooling. Unlike conventional air conditioning 
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systems that rely on electricity-driven compressors, solar 

thermal cooling technologies use solar energy to power 

thermal processes, thereby reducing dependence on grid 

electricity and minimizing greenhouse gas emissions. By 

leveraging solar energy, these technologies can 

significantly decrease energy consumption, reduce 

carbon footprints, and contribute to the global push for 

sustainability. 

The development of solar thermal cooling technologies 

has evolved over several decades. Initially, they were 

used primarily for small-scale applications in off-grid 

regions. However, with advancements in solar energy 

capture, storage systems, and cooling mechanisms, solar 

thermal cooling is becoming an increasingly viable 

option for both residential and commercial use. The core 

principle of solar thermal cooling lies in the utilization of 

solar collectors, such as flat-plate or evacuated tube 

collectors, to absorb sunlight and convert it into heat. 

This heat is then used in various cooling processes, 

including absorption refrigeration, adsorption 

refrigeration, and desiccant cooling systems. 

Several factors make solar thermal cooling technologies 

an attractive option in the field of sustainable cooling. 

First, they significantly reduce reliance on fossil fuels, 

helping to decrease the overall carbon footprint 

associated with conventional cooling methods. Second, 

they offer energy savings by utilizing free solar energy, 

particularly in sunny regions where solar radiation is 

abundant. Third, solar thermal cooling systems are 

scalable and can be integrated into existing infrastructure, 

making them suitable for diverse applications ranging 

from residential homes to large commercial buildings and 

industrial facilities. 

However, the widespread adoption of solar thermal 

cooling systems faces several challenges. The technology 

is still relatively costly compared to conventional cooling 

systems, primarily due to the high initial installation costs 

of solar collectors and the associated infrastructure. 

Additionally, efficiency levels and performance depend 

heavily on geographical location, climate conditions, and 

the design of the system. For instance, solar thermal 

cooling systems perform best in areas with high solar 

irradiation, but their efficiency can drop in regions with 

lower sunlight levels. Moreover, the integration of solar 

thermal cooling systems into existing buildings often 

requires complex retrofitting, adding to the overall cost 

and complexity. 

In light of these challenges, ongoing research and 

development efforts are focused on improving the 

efficiency, affordability, and scalability of solar thermal 

cooling technologies. Innovations such as hybrid systems 

that combine solar thermal cooling with conventional 

refrigeration or heat pump systems, improved storage 

solutions for solar energy, and advancements in 

thermochemical materials are pushing the boundaries of 

what solar thermal cooling systems can achieve. These 

developments not only enhance the performance of the 

systems but also make them more competitive in terms of 

cost and reliability. 

The importance of solar thermal cooling technologies 

extends beyond mere energy savings. By providing a 

more sustainable and environmentally friendly 

alternative to traditional cooling systems, solar thermal 

cooling can play a critical role in addressing global 

energy challenges. As the world grapples with climate 

change and the need to reduce carbon emissions, solar 

thermal cooling offers a pathway to a cleaner, more 

energy-efficient future. 

This article aims to provide a comprehensive review of 

recent trends in solar thermal cooling technologies. It will 

explore the various types of solar thermal cooling 

systems, their principles of operation, advantages, 

challenges, and their potential for widespread adoption. 

By examining the state-of-the-art technologies, ongoing 

research, and future prospects, this review seeks to 

provide a clear understanding of the current landscape of 

solar thermal cooling and its role in sustainable energy 

solutions. Through this detailed exploration, we aim to 

highlight the key factors influencing the development and 

deployment of these technologies and suggest possible 

directions for future research and innovation. 

Methods of Solar Thermal Cooling 

Solar thermal cooling systems rely on a variety of 

technologies that use the sun’s energy to produce cooling 

effects. The most common methods are absorption, 

adsorption, and solar-assisted vapor compression cooling 

systems. Each method has its own set of advantages, 

operational mechanisms, and specific use cases. 

Absorption Chillers 

Absorption chillers use a heat source, typically solar 

thermal energy, to drive a refrigeration cycle involving a 

refrigerant and an absorbent. In this system, the 

refrigerant absorbs heat and undergoes a phase change to 

cool the surrounding area. A common combination 

involves lithium bromide (LiBr) as the absorbent and 

water as the refrigerant. These chillers are known for their 

energy efficiency and are increasingly being used in 

commercial and industrial buildings. 

Recent trends in absorption chiller technology focus on 

improving heat exchanger designs to enhance heat 

transfer efficiency, reducing the size of the system, and 

integrating high-performance absorbents. Additionally, 

the development of multi-effect absorption chillers has 

improved their efficiency, enabling more cooling output 

per unit of solar energy input. 

Adsorption Chillers 
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Similar to absorption chillers, adsorption chillers also use 

a heat-driven refrigeration cycle. However, instead of an 

absorbent, adsorption chillers use a solid adsorbent 

material, typically silica gel or activated carbon, to adsorb 

the refrigerant. When solar thermal energy is applied, the 

adsorbent material releases the refrigerant, and the cycle 

proceeds similarly to that of an absorption chiller. 

Recent innovations in adsorption chillers include the use 

of advanced adsorbent materials that provide higher 

adsorption capacity, better thermal conductivity, and 

faster adsorption/desorption cycles. Research is also 

focused on integrating adsorption chillers with hybrid 

systems, such as combining them with heat pumps to 

enhance cooling efficiency and reduce energy 

consumption. 

Solar-Assisted Vapor Compression Systems 

Solar-assisted vapor compression systems combine 

traditional vapor compression refrigeration with solar 

thermal energy. In this system, the solar collector is used 

to pre-heat the working fluid, thus reducing the energy 

required to drive the compressor in the refrigeration 

cycle. This results in improved energy efficiency 

compared to conventional vapor compression systems. 

Recent advancements in solar-assisted vapor 

compression systems include hybridization with energy 

storage technologies, such as thermal energy storage 

(TES) systems, which allow the system to operate even 

when solar energy is not available. Researchers are also 

exploring variable-speed compressors and advanced 

control algorithms to further optimize system 

performance. 

Recent Technological Advancements 

Technological advancements in solar thermal cooling 

systems have primarily focused on improving efficiency, 

cost-effectiveness, and scalability. Below are some of the 

most notable innovations in this field: 

Enhanced Heat Transfer Materials and Heat 

Exchangers 

Advances in materials science have led to the 

development of high-efficiency heat exchangers that 

optimize the transfer of heat from the solar collector to 

the cooling system. Nanomaterials and graphene-based 

composites are increasingly being tested for their 

superior thermal conductivity and heat retention 

capabilities. These materials allow for more compact 

designs while improving overall system performance. 

Integration with Energy Storage Systems 

One of the key limitations of solar thermal cooling is its 

dependence on sunlight. To mitigate this issue, 

researchers are focusing on integrating solar thermal 

systems with energy storage solutions, such as phase-

change materials (PCMs) or thermal energy storage 

(TES) tanks. These systems store excess solar energy 

during the day and release it during cloudy periods or 

nighttime, ensuring a constant cooling supply. 

Hybrid Solar Cooling Systems 

Hybrid systems that combine solar thermal cooling with 

other renewable energy sources (e.g., solar photovoltaics 

(PV) or wind energy) are gaining attention due to their 

ability to provide more consistent energy output. By 

using complementary energy sources, these hybrid 

systems offer enhanced flexibility and reliability for 

cooling applications. 

Smart Control Systems and Automation 

The integration of smart control systems powered by 

artificial intelligence (AI) and internet of things (IoT) 

technologies has further increased the efficiency and 

user-friendliness of solar thermal cooling systems. These 

systems can automatically adjust parameters such as 

temperature, pressure, and flow rates, based on 

environmental conditions, to optimize performance and 

minimize energy waste. 

Challenges and Barriers to Adoption 

While solar thermal cooling technologies offer 

significant potential for reducing energy consumption 

and greenhouse gas emissions, several challenges 

remain: 

High Initial Capital Cost 

Despite the long-term savings, the initial investment 

required for solar thermal cooling systems can be high, 

particularly for large-scale commercial and industrial 

installations. The cost of solar collectors, storage 

systems, and advanced components can deter widespread 

adoption. 

Lack of Awareness and Expertise 

The adoption of solar thermal cooling systems is also 

hindered by a lack of awareness and expertise. Many end-

users, including building owners and operators, are not 

fully aware of the benefits of solar cooling or the 

technological requirements for installation and 

maintenance. 

Performance Variability 

Solar thermal cooling systems rely on environmental 

factors such as sunlight intensity, temperature, and 

weather conditions. These variables can lead to 

performance variability, especially in regions with 

inconsistent sunlight availability. 
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DISCUSSION 

The discussion provides a detailed analysis of the 

findings from the comprehensive review of solar thermal 

cooling technologies, their implications, and the future 

prospects for the technology. It integrates insights 

derived from the literature review, case studies, 

experimental data, and simulation results. The following 

sections explore the performance, challenges, 

innovations, and opportunities in the field of solar 

thermal cooling systems. 

Performance of Solar Thermal Cooling Systems 

The performance of solar thermal cooling systems has 

shown significant potential in reducing energy 

consumption in cooling applications compared to 

conventional systems. The analysis of different 

technologies—absorption chillers, adsorption chillers, 

and solar-assisted vapor compression systems—revealed 

that: 

• Absorption chillers are widely used for medium- 

to large-scale applications, such as commercial buildings 

and district cooling systems. They typically have higher 

COP (Coefficient of Performance) values in areas with 

high direct solar radiation. However, they require large 

amounts of heat energy to operate, and their efficiency 

drops during periods of low solar radiation, which 

necessitates the integration of thermal energy storage 

(TES) to ensure continuous operation. The primary 

challenge lies in the cost and complexity of installation 

and maintenance. 

• Adsorption chillers are gaining attention due to 

their ability to function at lower temperatures compared 

to absorption chillers, making them more suitable for 

integration with low-temperature heat sources. 

Adsorption chillers also have an advantage in energy 

storage, as they can function in a more flexible manner 

when paired with advanced thermal storage technologies. 

However, the low cooling capacity and slow adsorption-

desorption cycles limit their application in high-demand 

commercial or industrial settings. 

• Solar-assisted vapor compression systems 

combine photovoltaic and thermal technologies to 

improve overall system performance. These systems 

typically offer high flexibility, with smaller footprints 

and better energy efficiency in climates with intermittent 

sunlight. However, their effectiveness depends heavily 

on efficient solar panel integration, which remains an 

expensive investment for large-scale applications. 

Moreover, these systems are relatively new and require 

further technological development to enhance their 

stability and scalability. 

Technological Innovations and Material 

Advancements 

The development of novel materials has been a major 

focus in recent solar thermal cooling research. Graphene-

based heat exchangers and nanomaterials have emerged 

as promising alternatives to conventional materials due to 

their superior thermal conductivity, corrosion resistance, 

and lower weight. These advancements can improve the 

energy efficiency and durability of solar thermal cooling 

systems. 

• Graphene-based materials, with their exceptional 

thermal properties, offer a significant reduction in the 

energy losses encountered in traditional heat exchange 

processes. When used in solar collectors, graphene-

enhanced materials can enable higher heat transfer rates, 

improving overall system performance, particularly in 

regions with high solar irradiation. 

• Nanomaterials have demonstrated promising 

outcomes in enhancing the performance of adsorbent 

materials in adsorption chillers. Nanostructured materials 

with large surface areas can increase the adsorption 

capacity, thus improving system efficiency. Similarly, 

nanocoatings on solar collectors can reduce heat losses 

and increase the collector efficiency, leading to better 

performance in cooler climates or during off-peak 

periods. 

Hybrid Systems and Integration with Energy Storage 

The integration of solar thermal cooling with thermal 

energy storage systems (TES) and phase change 

materials (PCMs) is increasingly seen as a solution to 

overcome the intermittency challenges of solar energy. 

Hybrid systems, which combine solar thermal and solar 

photovoltaic (PV) energy, offer a more reliable and 

efficient solution for cooling during periods of low solar 

radiation. 

• Thermal Energy Storage (TES) enables solar 

thermal cooling systems to continue functioning even 

when solar radiation is insufficient. By storing excess 

thermal energy during the day, TES allows for 

continuous cooling during the night or cloudy days. The 

most commonly used TES technologies include sensible 

heat storage, latent heat storage, and thermochemical 

storage. Among these, latent heat storage using phase 

change materials (PCMs) has shown considerable 

promise because of their high energy density and 

relatively constant temperature during phase transitions. 

Further research into developing advanced PCMs with 

higher thermal conductivity and faster response times is 

expected to enhance the overall performance of solar 

thermal cooling systems. 

• The hybridization of solar thermal systems with 

solar photovoltaic (PV) and even wind energy sources is 

becoming a viable option for optimizing system 

efficiency. Such hybrid systems ensure that both 

electricity and thermal energy are provided for cooling, 
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thus increasing the operational flexibility and reducing 

dependency on a single energy source. The integration of 

energy storage with these hybrid systems could 

significantly improve their stability, allowing them to 

operate even in areas with unpredictable weather 

patterns. 

Challenges to Widespread Adoption 

Despite the promising potential of solar thermal cooling 

systems, several barriers hinder their widespread 

adoption: 

• High Initial Capital Investment: The upfront 

costs of installing solar thermal cooling systems, 

particularly absorption and adsorption chillers, are 

significantly higher compared to conventional cooling 

systems. This includes not only the installation of the 

collectors and chillers but also the integration with 

thermal storage systems and other supporting 

technologies. Although the long-term savings in energy 

consumption and reduced operational costs are evident, 

the high initial costs remain a critical barrier to adoption, 

especially in regions with less favorable financial 

conditions. 

• System Complexity: The complexity of these 

systems, particularly in terms of integration with thermal 

storage, control systems, and other energy sources, 

requires specialized knowledge and expertise. This 

complexity makes it challenging to maintain and 

troubleshoot solar thermal cooling systems in some 

regions, where skilled labor and service infrastructure 

may be limited. 

• Environmental Variability: Solar thermal 

systems rely heavily on the availability of direct solar 

radiation, which varies significantly across different 

regions and seasons. In regions with low or fluctuating 

solar radiation, the effectiveness of solar thermal cooling 

systems can be diminished, making it difficult to 

maintain optimal performance. Therefore, the selection 

of the appropriate system for a given geographical area is 

crucial for maximizing efficiency. 

• Energy Storage Limitations: While thermal 

energy storage systems offer a solution to the 

intermittency of solar energy, they come with their own 

challenges. The capacity of TES systems is limited, and 

their efficiency depends on various factors, including 

temperature gradients and heat losses. Additionally, 

phase change materials (PCMs), though promising, still 

face issues such as slow charging/discharging times, 

suboptimal thermal conductivity, and high costs. 

Economic Feasibility and Future Prospects 

While the initial costs of solar thermal cooling systems 

are high, they are more cost-effective in the long run 

when compared to conventional cooling systems, 

especially when considering the ongoing expenses for 

electricity and the growing concerns about climate 

change and carbon emissions. The analysis of case 

studies in regions like the Middle East, South Asia, and 

Australia has shown that solar thermal systems can be 

economically viable, particularly when paired with 

government incentives and subsidies for renewable 

energy systems. 

The financial feasibility of these systems can be 

improved by integrating them with smart grid 

technologies, which can optimize energy use based on 

real-time data, and by utilizing demand response 

programs that reduce energy consumption during peak 

hours. Additionally, innovations in financing models, 

such as power purchase agreements (PPAs) and energy-

as-a-service models, can help reduce the upfront capital 

costs for consumers and businesses. 

Looking ahead, the continued innovation in materials, 

hybrid systems, and smart technologies holds great 

promise for improving the performance and affordability 

of solar thermal cooling systems. As research progresses 

and economies of scale are achieved, the costs of both 

installation and operation are expected to decrease, 

making these systems more accessible to a broader range 

of applications, from residential to industrial-scale 

cooling solutions. 

In conclusion, solar thermal cooling systems have shown 

immense potential in reducing energy consumption and 

providing environmentally friendly cooling solutions. 

However, despite their advantages, challenges such as 

high initial investment, system complexity, and 

dependence on solar radiation persist. The integration of 

energy storage solutions and hybrid systems, along with 

advancements in material science, holds the key to 

addressing these challenges. Moving forward, further 

innovation and policy support will be critical in 

accelerating the adoption of solar thermal cooling 

systems and enhancing their performance, thereby 

contributing to the global transition towards sustainable 

energy solutions. 

CONCLUSION  

Solar thermal cooling technologies are rapidly evolving, 

with recent advancements improving efficiency, 

reducing costs, and expanding their applicability. The 

integration of innovative materials, energy storage 

systems, and hybrid technologies is enhancing the 

performance and viability of solar cooling systems in 

both residential and commercial sectors. 

However, challenges such as high initial costs, technical 

barriers, and awareness issues must still be addressed to 

facilitate the wider adoption of these technologies. In the 

future, government incentives, collaborations with 
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energy providers, and advancements in smart control 

systems are likely to play a pivotal role in overcoming 

these challenges and ensuring the broader adoption of 

solar thermal cooling technologies. 

By continuing to innovate in design and materials and by 

addressing existing barriers, solar thermal cooling 

systems could become a cornerstone of sustainable 

cooling solutions, contributing significantly to global 

efforts in reducing energy consumption and mitigating 

climate change. 

REFERENCES 

1. Alvarado, A., & Torres, R. (2023). 

Advancements in solar thermal cooling: Recent 

developments and future outlooks. Journal of 

Renewable Energy Engineering, 22(4), 315-329. 

https://doi.org/10.1016/j.jree.2023.04.011 

2. Zhang, S., Li, H., & Wang, X. (2022). 

Performance analysis of hybrid solar thermal 

cooling systems for commercial buildings. 

Renewable Energy, 149, 1342-1357. 

https://doi.org/10.1016/j.renene.2021.12.016 

3. García, F., & Perez, J. (2023). Economic 

feasibility of solar thermal cooling systems in 

Mediterranean climates. Solar Energy, 191, 108-

119. 

https://doi.org/10.1016/j.solener.2022.10.016 

4. Thompson, S. L., & Nguyen, M. (2021). 

Advances in desiccant cooling systems: A 

review of solar-assisted applications. Journal of 

Solar Energy Engineering, 143(1), 011001. 

https://doi.org/10.1115/1.4047650 

5. Ahmed, S., & Khan, A. (2020). Integrating phase 

change materials with solar thermal systems: A 

review on energy storage for cooling 

applications. Energy Reports, 6, 251-263. 

https://doi.org/10.1016/j.egyr.2020.01.003 

6. Miller, J., & Williams, M. O. (2022). Enhancing 

the efficiency of solar thermal cooling systems 

through advanced heat exchanger designs. 

Applied Thermal Engineering, 181, 116054. 

https://doi.org/10.1016/j.applthermaleng.2020.1

16054 

7. Kumar, P., & Gupta, V. (2023). Development of 

high-efficiency solar thermal cooling systems for 

low-energy buildings. Energy and Buildings, 

258, 111842. 

https://doi.org/10.1016/j.enbuild.2022.111842 

8. Zhao, L., & Chen, Y. (2021). Solar cooling 

technologies and their role in reducing building 

energy consumption. Energy Reports, 7, 325-

337. https://doi.org/10.1016/j.egyr.2021.06.014 

9. Bedi, D., & Singh, S. (2020). Review of solar-

assisted absorption refrigeration systems: 

Challenges and opportunities. Journal of 

Thermal Science and Engineering Applications, 

12(3), 031004. 

https://doi.org/10.1115/1.4048920 

10. Hussain, F., & Kassem, M. (2022). Techno-

economic analysis of solar thermal cooling in 

tropical climates. Solar Energy, 239, 230-245. 

https://doi.org/10.1016/j.solener.2022.06.039 

11. Fernandez, M. R., & Vazquez, R. (2021). 

Innovations in solar thermal energy storage for 

cooling applications. Journal of Energy Storage, 

34, 101265. 

https://doi.org/10.1016/j.est.2021.101265 

12. Liu, X., & Zhang, L. (2022). Effect of solar 

radiation intensity on the efficiency of solar 

thermal cooling systems in arid regions. 

Renewable and Sustainable Energy Reviews, 

144, 110804. 

https://doi.org/10.1016/j.rser.2021.110804 

13. Perez, J., & Hernandez, R. (2021). A 

comparative study of solar thermal cooling and 

conventional refrigeration systems for residential 

applications. Energy Conversion and 

Management, 231, 113850. 

https://doi.org/10.1016/j.enconman.2021.11385

0 

14. Saini, R., & Choudhury, S. (2023). Solar cooling 

for sustainable urban environments: A review of 

current trends and future directions. Energy for 

Sustainable Development, 74, 93-104. 

https://doi.org/10.1016/j.esd.2023.01.002 

15. Kim, S. W., & Lee, J. (2021). Hybrid solar 

thermal cooling systems with enhanced energy 

storage capabilities: A review. Journal of 

Renewable and Sustainable Energy, 13(4), 

045602. https://doi.org/10.1063/5.0049874 

16. Sharma, A., & Kumar, R. (2020). Solar-assisted 

desiccant cooling systems: Performance analysis 

and improvement techniques. Solar Energy, 188, 

1184-1196. 

https://doi.org/10.1016/j.solener.2019.12.054 

17. Hassan, A., & Yousaf, R. (2022). Impact of 

geographic location on the performance of solar 

thermal cooling systems: A case study in South 

Asia. Energy, 239, 121709. 

https://doi.org/10.1016/j.energy.2021.121709 

https://aimjournals.com/index.php/ijnget


INTERNATIONAL JOURNAL OF NEXT-GENERATION 

ENGINEERING AND TECHNOLOGY (IJNGET) 

https://aimjournals.com/index.php/ijnget 

 

 

pg. 7 

18. Harris, P., & Bergstrom, P. (2021). Novel 

collector designs for enhanced solar thermal 

cooling performance in tropical climates. Journal 

of Solar Energy Engineering, 143(2), 021003. 

https://doi.org/10.1115/1.4048700 

19. Singh, M., & Agarwal, N. (2022). Techniques for 

improving heat transfer efficiency in solar 

thermal cooling systems. International Journal of 

Heat and Mass Transfer, 173, 121084. 

https://doi.org/10.1016/j.ijheatmasstransfer.202

1.121084 

20. Xu, Y., & Lin, H. (2023). Improved solar thermal 

absorption cooling systems: Design, 

optimization, and case studies. Journal of 

Mechanical Engineering Science, 238(6), 4137-

4151. 

https://doi.org/10.1177/09544062211042856 

21. Zhao, X., & Zhang, Z. (2021). The role of phase 

change materials in solar thermal cooling 

systems: A critical review. Renewable Energy, 

165, 101-114. 

https://doi.org/10.1016/j.renene.2020.11.037 

22. Kumar, D., & Solanki, S. (2020). 

Thermodynamic analysis of solar thermal 

cooling systems for commercial applications. 

Applied Energy, 278, 115544. 

https://doi.org/10.1016/j.apenergy.2020.115544 

23. Elumalai, R., & Sundararajan, T. (2023). Recent 

advancements in solar thermal cooling for 

residential buildings: A review. Renewable and 

Sustainable Energy Reviews, 151, 111669. 

https://doi.org/10.1016/j.rser.2021.111669 

24. Tan, L., & Wu, H. (2022). Energy efficiency 

analysis of solar thermal cooling systems 

integrated with smart building technologies. 

Energy Reports, 8, 541-552. 

https://doi.org/10.1016/j.egyr.2022.03.005 

25. Chen, Y., & Wang, H. (2021). Simulation and 

performance evaluation of solar thermal cooling 

systems with advanced thermal storage. Solar 

Energy Materials and Solar Cells, 217, 110712. 

https://doi.org/10.1016/j.solmat.2020.110712 

 

https://aimjournals.com/index.php/ijnget

