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Abstract: The need for global energy conservation has become more urgent because of the 

negative effects of excessive energy use, such as higher fuel consumption, greater 

environmental pollution, and depletion of the ozone layer. There has been a significant 

increase in the demand for central and high-capacity household air conditioning systems in 

Muscat in recent years. The need for this is influenced by factors such as arid climate, 

increasing temperatures, air pollution, and population increase. As a result, there has been a 

significant increase in electricity use, putting a strain on power resources. To tackle this 

difficulty, the incorporation of solar collectors as supplementary thermal compressors in air 

conditioning systems offers a chance to utilise renewable energy sources. The objective of 

this hybrid technique is to enhance the effectiveness of cooling systems, hence minimising 

the need for electricity, and lowering the release of environmental pollutants. 
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1. Introduction 

The increasing need for air conditioning in Muscat is a result of the climate and 

fast urbanisation issues faced in the region. Elevated temperatures and atmospheric 

pollution require widespread reliance on air conditioning, resulting in heightened 

energy usage. This research suggests using solar-thermal technology into air 

conditioning systems as a solution to address these difficulties and improve energy 

efficiency. Muscat has consistently high temperatures throughout most of the year, 

resulting in a significant need for cooling and thus, a huge need for energy [1]. 

Elevated temperatures and atmospheric pollution need the greater utilisation of air 

conditioning systems, resulting in heightened energy usage. Conventional air 

conditioning systems that rely only on electricity from the power grid make a 

substantial contribution to energy consumption and the resulting environmental 

effects. 

Air conditioning (AC) is the process of regulating air properties, such as 

temperature, humidity, cleanliness, and distribution technique, to meet certain 

requirements [2]. Air conditioning, also referred to as the cooling of air, involves the 

removal of heat, which is usually accomplished using electricity. The installation of 

a solar energy system becomes appealing due to the rise in electricity consumption 

[3]. The renewable nature of solar energy makes it highly suitable for utilisation in 

sub-tropical nations. To tackle these difficulties, the suggested system combines 

solar collectors with air conditioning units to utilise renewable energy for the 
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purpose of cooling. Solar collectors capture thermal energy to enhance the 

compression process of the system. This strategy enhances cooling efficiency and 

minimises dependence on traditional electricity. The system, which provides 

comprehensive control over capacity, mechanism, ease of implementation, high 

reliability, silent operation, long lifespan, and low maintenance costs, is an excellent 

choice for using solar energy efficiently and cost-effectively in cooling applications 

[4]. 

The main objective of this project is to enhance and optimise the conventional 

air conditioning unit to function alongside solar energy as an auxiliary system, with 

the purpose of decreasing energy usage, environmental contamination, and noise 

levels [5]. Deploying a solar-thermal hybrid system provides numerous advantages: 

⚫ Energy conservation: Decreases electricity usage, alleviating pressure on power 

infrastructure. 

⚫ Environmental impacts: Reduces emissions linked to traditional cooling 

systems. 

⚫ Resource efficiency: Harnesses sustainable energy sources, diminishing 

dependence on non-renewable fossil resources. 

Implementing solar-thermal technology in the air conditioning system in 

Muscat is a practical approach to saving energy and reducing the negative 

environmental effects caused by high cooling requirements. This strategy is in line 

with worldwide initiatives promoting sustainable energy practices and tackles the 

specific issues of energy use in fast growing urban regions [6]. The system’s 

performance is evaluated by analysing its operational viewpoint and commercial 

applications. 

2. Background 

Muscat endures extended periods of elevated temperatures year-round, leading 

to a significant increase in the need for electricity to power cooling systems. The use 

of conventional air conditioning systems worsens energy usage and adds to 

environmental consequences, such as heightened carbon emissions [7]. It is crucial 

to implement sustainable cooling solutions, especially in residential buildings, to 

address these difficulties and encourage energy conservation. 

2.1. Hybrid solar-thermal air conditioning system for Muscat 

The solar-thermal hybrid air conditioning system combines solar thermal 

technology with traditional air conditioning systems to enhance cooling efficiency 

and decrease reliance on grid electricity [8]. This technology provides numerous 

benefits in Muscat’s residential buildings: 

Energy conservation is achieved by utilising solar energy for cooling, which 

reduces the need for traditional electricity. This helps to relieve pressure on the 

power infrastructure and decreases operational expenses for households. 

The utilisation of renewable solar energy reduces carbon emissions linked to 

cooling operations, so supporting Muscat’s sustainability objectives. 

The system is specifically engineered to endure the climatic conditions of 

Muscat, guaranteeing dependable and effective operation even in extreme 
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temperatures. 

2.2. Application in residential buildings 

To effectively deploy the solar-thermal hybrid AC system in residential 

buildings in Muscat, it is essential to evaluate the following factors [9]: 

Roof space utilisation: Solar collectors can be placed on rooftops to maximise 

access to sunlight and enhance energy production. 

System integration: The hybrid system must smoothly and effectively combine 

with the current air conditioning infrastructure, reducing the need for extensive 

modifications, and minimising any inconvenience to inhabitants. 

User education and engagement: It is essential to educate inhabitants about the 

advantages and functioning of the hybrid system to ensure its effective adoption and 

long-term sustainability. 

3. Methodology 

The approach employed in this study strictly follows established research 

protocols as mentioned in the study of Li et al. [10]. The primary objective is to 

design and refine a solar-thermal hybrid AC system that is specifically tailored for 

implementation in Muscat. The research process is outlined below: 

a) Aggregation of meteorological data 

Goal: Collect crucial meteorological information to guide the development of 

the system. 

Data pertaining to the weather conditions in Muscat was gathered. A 

meteorological year was created by analysing solar radiation parameters on an 

hourly, monthly, and annual basis. 

b) Calculation of cooling load 

Goal: Calculate the necessary capacity of the cooling system. 

Procedure: The calculation of the cooling load was performed to determine the 

necessary amount of cooling, which is crucial for accurately determining the system 

size. 

c) System design and dimensioning 

Goal: Develop and determine the specifications of the various components of 

the AC system. 

The size and specifications for the system components were derived based on 

the collected meteorological data and established design criteria. 

d) System optimization 

Objective: Improve system efficiency to reduce energy expenses. 

Methodology: The suggested system was enhanced to achieve maximum energy 

efficiency by utilising simulations to fine-tune component settings and system 

configurations for optimal performance. 

e) Acquisition and construction 

Objective: Obtain materials and build the experimental prototype. 

Procedure: After optimising the system, the required components were 

acquired. Subsequently, the system was constructed and deployed to undergo testing. 

f) System testing and life cycle assessment 
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Objective: Assess the performance and economic feasibility of the system. 

Procedure: The assembled system underwent thorough testing. Life cycle costs 

were determined by evaluating the system’s price competitiveness and thermal 

efficiency for residential applications. 

g) Recommendations and analysis 

Goal: Examine findings and suggest improvements. 

Analysis: The data were examined to pinpoint areas where technology 

advancements and efficiency enhancements may be made. 

Figure 1 illustrates the complete setup of the proposed hybrid solar-thermal air 

conditioning system, highlighting the integration of solar collectors with 

conventional cooling components [11]. Recommendations were made to enhance 

both the economic and technical performance of the system. Additionally, strategies 

for advancing research and development in solar cooling technologies were 

explored. 

 

Figure 1. Proposed schematic diagram for hybrid solar-thermal air conditioner. 
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4. System design and description 

The suggested system incorporates a direct current (DC) air conditioner with a 

vacuum tube solar collector, as depicted in Figure 1. The objective of this system is 

to achieve the same level of efficiency as conventional AC systems by harnessing 

renewable energy sources. Every element within the system is assessed separately to 

guarantee the best possible performance and compatibility [12]. The system is 

engineered to function reliably in different circumstances, aiming to achieve cooling 

efficiency that is on par with traditional air conditioning equipment. 

4.1. Calculation of refrigeration load 

Refrigeration load is the quantity of thermal energy that needs to be removed 

from a given area to reach and sustain a desired temperature. Thermal energy 

naturally transfers from regions with higher temperatures to regions with lower 

temperatures. In the realm of air conditioning, this process entails the movement of 

heat from the interior of a structure to the external surroundings [13]. 

The refrigeration load entails determining the rate at which thermal energy 

needs to be extracted from an indoor space. Thermal transfer occurring through 

walls, windows, and doors as a result of variations in temperature between the inside 

and outside environments [14]. The cooling demands of a location are affected by 

variables such as the size of the area and the composition of the building 

components. Furthermore, the presence of humans in the area results in the 

generation of heat due to metabolic processes. The metabolic heat output fluctuates 

considerably depending on the specific activities performed in the room, such as 

sleeping or dancing. In addition, electronic gadgets, and other appliances, such as 

printers and laptops, produce extra heat that needs to be considered when calculating 

the overall cooling requirement. 

By precisely evaluating these elements, the system can be customised to 

effectively extract the necessary quantity of heat from the indoor environment, 

ensuring comfort while maximising energy efficiency. 

4.2. The air conditioning system 

 

Figure 2. Compressor in air conditioning system. 
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Both building and vehicle air conditioning systems rely on five crucial 

components: the compressor, refrigerant, expansion device, evaporator, and 

condenser [15]. Each component is detailed in depth below, accompanied by 

diagrams that demonstrate their roles within the system. Figure 2 depicts the 

compressor, which plays a vital role as the central component of the AC system, 

responsible for circulating refrigerant throughout the entire system. 

The process involves compressing the refrigerant vapour, which results in an 

increase in both its pressure and temperature. This allows for easier circulation of the 

refrigerant throughout the system. The compressor is usually operated by electricity 

and plays a crucial role in sustaining the refrigeration process. A refrigerant is a 

chemical substance that functions as a coolant by collecting heat from the 

surrounding environment and circulating within the circuits of an air conditioning 

system [16]. The expansion device is located between the condenser and evaporator 

and is responsible for controlling the flow of refrigerant. It regulates the conversion 

of the refrigerant from a high-pressure (HP) liquid to a low-pressure (LP) liquid, 

which initiates the cooling process in the evaporator [17]. 

Figure 3 depicts the expansion device employed in an AC system. During the 

process of refrigerant circulation, the evaporator uses the refrigerant in its liquid 

condition to absorb heat from the cooling space and transfer it into the system [18]. 

 

Figure 3. Expansion device in air conditioning system. 

Evaporator, situated in the indoor unit of the air conditioning system, has a 

crucial function in regulating the indoor air, as depicted in Figure 4. The process 

involves the absorption of heat from the indoor air into the liquid refrigerant, which 

leads to the evaporation of the refrigerant and efficiently cools the surrounding space 

[19]. 

 

Figure 4. Evaporator in air conditioning system. 
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The condenser, located adjacent to the compressor in the outside unit (as shown 

in Figure 5), is responsible for releasing the absorbed heat to the surrounding 

environment. The function of this process is to lower the temperature and pressure of 

the vapour refrigerant produced by the compressor, causing it to condense into a 

liquid state again [20]. 

 

Figure 5. Condenser in air conditioning system. 

The combination of these components creates a seamless cycle that is crucial 

for the air conditioning system to effectively extract heat from the inside of a 

building or vehicle and expel it outside, resulting in efficient cooling of the indoor 

area [21]. 

4.3. Vacuum tube collector (VTC) system 

The VTC system utilises cutting-edge solar technology, incorporating a 

sequence of evacuated tubes engineered to optimise the absorption and conversion of 

solar radiation into amount of heat energy. These systems are mostly used in active 

solar heating applications, specifically for water heating in residential and 

commercial settings. 

 

Figure 6. Vacuum tube collector solar system. 
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Usually installed on rooftops, these collectors are designed to endure various 

weather conditions, guaranteeing robustness and longevity. Their design and 

construction are vital for uninterrupted operation under different climatic conditions. 

The vacuum tube collector system (Figure 6) consists of individual tubes made of 

durable, airtight glass that encloses an inner metal tube called the absorber tube. This 

configuration reduces thermal loss by creating a vacuum between the two tubes, 

hence improving the efficiency of the device in capturing solar radiation. 

The heat pipe, a crucial element, efficiently conducts the absorbed heat upwards 

into the inner metal tube. The heat pipe functions within defined pressure 

parameters, as specified in references [22], generating a dynamic setting in which the 

lower end of the pipe reaches the boiling point, while the higher end undergoes 

condensation. This mechanism leads to an effective heat transfer driven by a phase 

transition from the “hot” end to the “cold” end of the pipe. 

The evacuated tube design enables efficient solar energy collecting while 

minimising heat loss to the surroundings. At the high temperature region, the liquid 

contained within the heat pipe undergoes boiling, effectively absorbing thermal 

energy from the sun. The vapour produced moves upwards to the colder part, where 

it undergoes condensation, transferring the heat to the water or another heated fluid. 

The process of boiling and condensing in the vacuum tube system effectively 

transfers thermal energy, making it very efficient for solar thermal applications. 

Vacuum tube collector systems utilise advanced technology to harness the sun’s 

energy, making them a dependable and sustainable method for heating water. These 

systems make a substantial contribution to energy conservation initiatives [23]. 

5. Functioning of the system 

The presented technology utilises solar energy in conjunction with conventional 

vapor-compression refrigeration methods to operate the air conditioning system. This 

hybrid strategy not only improves energy efficiency but also harnesses renewable 

energy sources to minimise the overall environmental footprint. 

The system initiates with the solar unloading unit, which efficiently catches 

solar radiation and turns it into thermal energy. Water serves as the thermal transfer 

medium, enabling this conversion. The hot water is stored in a thermal reservoir, 

guaranteeing a continuous supply of thermal energy for the system’s functioning. 

The central component of the system is a traditional direct expansion, 

mechanical, vapor-compression refrigeration system. Its main purpose is to provide 

air cooling by extracting heat from internal areas and releasing it outside [24]. 

Evaporation begins at the evaporator coil, which is situated inside the cooling 

area. In this process, a frigid, low-pressure refrigerant assimilates thermal energy and 

undergoes vaporisation, transitioning from a liquid to a gaseous phase. This process 

of phase transition extracts thermal energy from the indoor air, resulting in its 

efficient cooling. 

Compression: The gaseous refrigerant is then sent to the compressor, where it is 

pressurised to a high level, causing its temperature to increase dramatically. 

Condensation: The hot, high-pressure gas is sent to the condenser coil, where it 

dissipates its heat to the surrounding air. As the refrigerant releases thermal energy, 
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it undergoes condensation and returns to a liquid state. 

Expansion: The heated liquid flows via an expansion device, where its 

temperature and pressure are decreased, to be ready to re-enter the evaporator and 

resume the cycle. 

The schematic depicted in Figure 7 showcases the cyclical operation of the 

refrigeration system, emphasising the integration of hybrid solar thermal energy to 

optimise the efficiency of the cooling process. By using solar energy to aid in 

heating the refrigerant, the technology decreases the energy requirement of the 

compressor, therefore saving electricity and reducing operational expenses. This 

integration enhances system efficiency and promotes sustainable energy practices by 

decreasing reliance on non-renewable energy sources. 

 

Figure 7. Control diagram of solar thermal air conditioning system. 

6. Conclusion 

To summarise, the introduction of a solar-thermal hybrid air conditioning 

system offers a hopeful resolution to tackle the issue of energy saving in residential 

buildings in Muscat. This system utilises renewable solar energy as a means of 

cooling, providing a sustainable alternative to traditional cooling methods. This not 

only helps to save the environment but also enhances energy efficiency. 

The main goal of this study is to improve the effectiveness of split AC systems 

and optimise energy conservation in areas with elevated ambient temperatures. 

One of the main tactics is to combine a solar collector vacuum tube with the air 

conditioning system to maximise performance and enhance energy efficiency. 

Performing empirical and quantitative comparisons of standard and split air 

conditioning systems. 

This study aims to improve the thermal efficiency and decrease power usage in 

Muscat by using a thermal-solar air conditioning system. 

Author contributions: Conceptualization, methodology, simulation, analysis, 



Building Engineering 2024, 2(1), 1380.  

10 

writing—original manuscript preparation, MS; introduction, writing—original 

manuscript preparation, SN; review papers and method writing of the manuscript, 

SM; supervision, visualization, and editing of the manuscript, KA. All authors have 

read and agreed to the published version of the manuscript. 

Conflict of interest: The authors declare no conflict of interest. 

References 

1. Ali ARI, Salam B. A review on nanofluid: preparation, stability, thermophysical properties, heat transfer characteristics and 

application. SN Applied Sciences. 2020; 2(10). doi: 10.1007/s42452-020-03427-1 

2. Bu X, Wang L, Li H. Performance analysis and working fluid selection for geothermal energy-powered organic Rankine-

vapor compression air conditioning. Geothermal Energy. 2013; 1(1). doi: 10.1186/2195-9706-1-2 

3. Diaconu BM, Varga S, Oliveira AC. Numerical simulation of a solar-assisted ejector air conditioning system with cold 

storage. Energy. 2011; 36(2): 1280-1291. doi: 10.1016/j.energy.2010.11.015 

4. Faghih S, Pourshaghaghy A. Selecting working fluids in organic Rankine cycle (ORC) for waste heat applications and 

optimal cycle parameters for different hot source temperatures. Journal of Thermal Analysis and Calorimetry. 2022; 147(23): 

13737-13755. doi: 10.1007/s10973-022-11502-5 

5. Fedele L, Lombardo G, Greselin I, et al. Thermophysical Properties of Low GWP Refrigerants: An Update. International 

Journal of Thermophysics. 2023; 44(5). doi: 10.1007/s10765-023-03191-5 

6. Gao P, Li S, Bu X, et al. Direct conversion of CO2 into liquid fuels with high selectivity over a bifunctional catalyst. Nature 

Chemistry. 2017; 9(10): 1019-1024. doi: 10.1038/nchem.2794 

7. Hu B, Bu X, Ma W. Thermodynamic Analysis of a Rankine Cycle Powered Vapor Compression Ice Maker Using Solar 

Energy. The Scientific World Journal. 2014; 2014: 1-6. doi: 10.1155/2014/742606 

8. Kaggwa A, Carson JK. Developments and future insights of using nanofluids for heat transfer enhancements in thermal 

systems: a review of recent literature. International Nano Letters. 2019; 9(4): 277-288. doi: 10.1007/s40089-019-00281-x 

9. Lei B, Zhang C, Zhang Y, et al. A Theoretical Criterion for Evaluating the Thermodynamic Effectiveness of Regenerators in 

Organic Rankine Cycle Systems. Journal of Thermal Science. 2021; 30(6): 2027-2036. doi: 10.1007/s11630-021-1521-5 

10. Li D, Zhang S, Wang G. Selection of organic Rankine cycle working fluids in the low-temperature waste heat utilization. J 

Hydrodyn. 2015; 27: 458-464. doi: 10.1016/S1001-6058(15)60504-2 

11. Li JF, Guo H, Lei B, et al. Thermodynamic Performance Analysis on Various Configurations of Organic Rankine Cycle 

Systems. In: Okada H, Atluri S (editors). Computational and Experimental Simulations in Engineering. ICCES 2019. 

Mechanisms and Machine Science. Springer, Cham; 2020. 

12. Mekhilef S, Safari A, Mustaffa WES, et al. Solar energy in Malaysia: Current state and prospects. Renewable and 

Sustainable Energy Reviews. 2012; 16(1): 386-396. doi: 10.1016/j.rser.2011.08.003 

13. Okonkwo EC, Wole-Osho I, Almanassra IW, et al. An updated review of nanofluids in various heat transfer devices. Journal 

of Thermal Analysis and Calorimetry. 2020; 145(6): 2817-2872. doi: 10.1007/s10973-020-09760-2 

14. Oyedepo SO, Fakeye AB. Electric power conversion of exhaust waste heat recovery from gas turbine power plant using 

organic Rankine cycle. International Journal of Energy and Water Resources. 2020; 4(2): 139-150. doi: 10.1007/s42108-019-

00055-3 

15. Qin Y, Li N, Zhang H, et al. Energy and exergy analysis of a modified three-stage auto-cascade refrigeration cycle using 

low-GWP refrigerants for sustainable development. J Therm Anal Calorim. 2023; 148: 1149-1162. doi: 10.1007/s10973-

022-11721 

16. Ravi G, Adhimoulame K. Thermodynamics studies on VCRS using refrigerant blends of R290, R600A, and R1234ZE. 

Multiscale and Multidisciplinary Modeling, Experiments and Design. Published online May 4, 2024. doi: 10.1007/s41939-

024-00442-2 

17. Rostamzadeh H, Ghaebi H. Parametric study and working fluid selection of modified combined power and refrigeration 

cycles (MCPRCs) using low-temperature heat sources. Journal of the Brazilian Society of Mechanical Sciences and 

Engineering. 2018; 40(1). doi: 10.1007/s40430-018-0971-5 

18. Roy R, Mandal BK. Energy, exergy and economic optimization of a two-stage refrigeration system using low-GWP 

alternative refrigerants for high-temperature lift applications. Journal of the Brazilian Society of Mechanical Sciences and 



Building Engineering 2024, 2(1), 1380.  

11 

Engineering. 2023; 45(8). doi: 10.1007/s40430-023-04320-9 

19. Singh KK, Kumar R. Energy, Exergy, Environmental and Economic Analyses of Natural Refrigerants for Cascade 

Refrigeration. Arabian Journal for Science and Engineering. 2022; 47(12): 15797-15821. doi: 10.1007/s13369-022-06804-7 

20. Singh KK, Kumar R, Gupta A. Multi-objective Optimization of Thermodynamic and Economic Performances of Natural 

Refrigerants for Cascade Refrigeration. Arab J Sci Eng. 2021; 46: 12235-12252. doi: 10.1007/s13369-021-05924 

21. Toujani N, Bouaziz N, Kairouani L. Energetic Analysis and Working Fluids Selection for a New Power and Refrigeration 

Combined Ecological System. Journal of Thermal Science. 2022; 31(6): 2032-2050. doi: 10.1007/s11630-022-1645-2 

22. Wu D, Peng C, Yin C, et al. Review of System Integration and Control of Proton Exchange Membrane Fuel Cells. 

Electrochemical Energy Reviews. 2020; 3(3): 466-505. doi: 10.1007/s41918-020-00068-1 

23. Zhang N, Dai Y. Thermophysical Properties and Applications in Refrigeration System of the Low-GWP Refrigerant 

R1243zf and Its Blends. Int J Thermophys. 2021; 42: 152. doi: 10.1007/s10765-021-02902-0 

24. Vankov YV, Al-Okbi AK, Hasanen MH. Solar hybrid air conditioning system to use in Iraq to save energy. E3S Web of 

Conferences. 2019; 124: 01024. doi: 10.1051/e3sconf/201912401024 

 


