
 
The International Conferences on 

Engineering Sciences 
E-ISSN: XXXX-XXXX 

P-ISSN: XXXX-XXXX 

 

 
DOI : https://doi.org/.....  https://prosiding.aritekin.or.id/index.php/ICONFES  

(Research/Review) Article 

Energy Efficiency Analysis in Air Conditioning Systems 
Using the Thermodynamic Cycle Method 

Wulan Febriyani 1, Linda Purwanti 2, Ria Fitri Mawardiningrum 3 

1,2,3 Universitas Gunadarma 
* Corresponding Author : Wulan Febriyani 

Abstract: Energy efficiency in air conditioning systems is a critical factor in reducing energy 

consumption and environmental impact. This study aims to analyze the energy performance of an air 

conditioning system using the thermodynamic cycle method. The analysis focuses on the refrigeration 

cycle, particularly the vapor compression cycle commonly used in residential and commercial systems. 

Key parameters such as coefficient of performance (COP), refrigerant flow rate, and enthalpy at each 

cycle point were examined to determine overall efficiency. Data were collected through simulations 

and experimental measurements under standard operating conditions. The results show that optimizing 

system components, especially the compressor and expansion valve, can significantly improve energy 

efficiency. The COP increased by 12% when a high-efficiency compressor was utilized. In addition, 

the selection of eco-friendly refrigerants contributed to better thermal performance and reduced 

environmental risks. This research highlights the importance of thermodynamic analysis in designing 

and improving air conditioning systems for sustainable energy usage. Future studies are recommended 

to incorporate real-time monitoring and adaptive control systems to further enhance system 

performance and energy savings. 
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1. Introduction 

The escalating global energy demand, particularly in the building sector, has spotlighted 
the critical need for energy-efficient systems. Heating, Ventilation, and Air Conditioning 
(HVAC) systems, especially air conditioning units, are significant contributors to this energy 
consumption. According to the International Energy Agency, space cooling accounted for 
approximately 2021 terawatt-hours of energy usage in 2016, with projections indicating a 
potential tripling by 2050 if current trends persist. This surge not only strains energy resources 
but also amplifies greenhouse gas emissions, underscoring the urgency for optimized air 
conditioning solutions. 

Central to enhancing air conditioning efficiency is the application of thermodynamic 
principles. The refrigeration cycle, a fundamental concept in thermodynamics, provides a 
framework for analyzing and improving the performance of air conditioning systems. By 
evaluating parameters such as the Coefficient of Performance (COP), engineers can assess 
the effectiveness of these systems in converting energy inputs into cooling outputs. Studies 
have demonstrated that modifications in cycle configurations, such as incorporating 
expansion work recovery, can lead to significant improvements in system efficiency. 

Moreover, the integration of advanced thermodynamic cycles, like the air-cycle 
refrigeration system, has shown promise in enhancing energy efficiency. Research indicates 
that such systems, when optimized for factors like compressor and expander efficiencies, 
ambient conditions, and fresh air supply, can achieve higher COP values compared to 
traditional systems. These advancements not only reduce energy consumption but also 
contribute to environmental sustainability by lowering greenhouse gas emissions. 
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In conclusion, the intersection of thermodynamic analysis and air conditioning 
technology offers a pathway to address the pressing challenges of energy consumption and 
environmental impact. By leveraging thermodynamic principles to refine air conditioning 
systems, it is possible to achieve substantial gains in energy efficiency, thereby contributing to 
global sustainability goals. 

2. Literature Review 

Theoretical Framework 
The analysis of energy efficiency in air conditioning systems is fundamentally rooted in 

the principles of thermodynamics, particularly the first and second laws. These laws govern 
the behavior of energy transformations and set the theoretical limits for system performance. 

 
Thermodynamic Cycles in Air Conditioning 

Air conditioning systems commonly operate based on thermodynamic cycles, such as 
the vapor-compression cycle and the reverse Brayton (or air refrigeration) cycle. These cycles 
involve processes of compression, condensation, expansion, and evaporation to transfer heat 
from indoor spaces to the external environment, thereby achieving cooling effects. The 
efficiency of these cycles is often evaluated using the Coefficient of Performance (COP), 
defined as the ratio of the cooling effect produced to the work input required: 

 
where 𝑄L is the heat removed from the cooled space, and W is the work input to the 

system. 
 

Carnot Efficiency and Theoretical Limits 
The Carnot cycle represents an idealized thermodynamic cycle that establishes the 

maximum possible efficiency for any heat engine or refrigeration system operating between 
two temperature reservoirs. For a refrigeration system, the maximum theoretical COP is given 
by: 

 
Where 𝑇C is the absolute temperature of the cold reservoir (indoor environment) and 

𝑇H is the absolute temperature of the hot reservoir (outdoor environment). 
This expression highlights that the COP increases as the temperature difference between 

the indoor and outdoor environments decreases, emphasizing the importance of minimizing 
this temperature gradient to enhance efficiency. 

 
Entropy and Irreversibility 

The second law of thermodynamics introduces the concept of entropy, a measure of 
disorder or randomness in a system. In practical air conditioning systems, irreversibilities such 
as friction, non-ideal gas behavior, and heat losses contribute to entropy production, reducing 
the system's efficiency below the Carnot limit. The Clausius inequality expresses this principle: 

 
indicating that the total entropy change over a complete cycle is non-negative, with 

equality holding only for reversible processes.  
 

Application to Air Conditioning Systems 
In air conditioning applications, understanding and applying these thermodynamic 

principles enable engineers to analyze and optimize system performance. By evaluating the 
COP and identifying sources of inefficiency, such as pressure drops, heat exchanger 
effectiveness, and compressor performance, improvements can be made to approach the 
theoretical efficiency limits. Advanced cycles, like the absorption refrigeration cycle, offer 
alternatives that utilize heat energy instead of mechanical work, potentially enhancing 
efficiency in specific applications. 
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3. Proposed Method 

This study employed a quantitative descriptive approach to evaluate the energy efficiency 
of an air conditioning system using the thermodynamic cycle analysis method. The vapor-
compression refrigeration cycle was selected as the analytical basis, as it is widely applied in 
both residential and commercial air conditioning systems (ASHRAE, 2017). 

 
1. Research Design 
The research design consisted of two main phases: 

 Simulation using a thermodynamic modeling tool (e.g., CoolProp or EES software) to 
simulate the refrigeration cycle. 

 Experimental validation using a controlled laboratory setup involving a standard air 
conditioning unit under variable operating conditions. 
 

Key parameters measured included: 

 Temperature and pressure at each cycle point (evaporator, compressor, condenser, 
expansion valve) 

 Enthalpy values of refrigerants using thermodynamic tables or software 

 Coefficient of Performance (COP) as the primary performance indicator 
 

The COP was calculated using the standard formula: 

 
where 𝑄evap is the heat absorbed in the evaporator and 𝑊comp is the work done by 

the compressor 
 

2. Sampling and Data Collection 
The system tested used R-410A refrigerant, and data collection was conducted under 

steady-state conditions. Sensors (thermocouples and pressure transducers) were placed at 
strategic points in the cycle. Measurements were taken at five different ambient temperatures 
(from 25°C to 40°C) to assess performance variation. 

 
3. Data Analysis 

Data were processed using thermodynamic property software to derive enthalpies, which 
were used to compute energy transfer values. The results were then benchmarked using 
standard performance categories based on previous studies (Schreiner & Groll, 2003; 
ASHRAE, 2017). 

A comparative analysis was also performed between baseline system performance and 
performance after replacing the compressor with a high-efficiency model. The performance 
improvement percentage was calculated and evaluated against theoretical COP values (Carnot 
efficiency) as discussed by Dincer and Rosen (2012). 

 

4. Results and Discussion 

Performance Analysis of the Vapor-Compression Cycle 
The experimental evaluation of the air conditioning system utilizing the vapor-

compression cycle with R-410A refrigerant revealed significant insights into its energy 
efficiency across varying ambient temperatures. Measurements were conducted at ambient 
temperatures of 25°C, 30°C, 35°C, and 40°C. The Coefficient of Performance (COP) was 
calculated using the formula:  

 
Where 𝑄evap represents the heat absorbed in the evaporator and 𝑊comp denotes the 

work input to the compressor. 
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The results indicated a decline in COP with increasing ambient temperatures. 
Specifically, the COP values observed were: 

 
 
This trend aligns with the thermodynamic principle that higher ambient temperatures 

reduce the temperature differential between the condenser and the environment, thereby 
decreasing the system's efficiency (ASHRAE, 2017). 

 
Impact of Compressor Efficiency 

The efficiency of the compressor plays a pivotal role in the overall performance of the 
air conditioning system. An enhancement in compressor isentropic efficiency from 70% to 
85% resulted in an approximate 15% increase in COP. This improvement underscores the 
importance of compressor design and maintenance in achieving optimal system performance 
(Yang et al., 2022). 

 
Comparison with Theoretical Models 

The experimental COP values were compared with theoretical predictions based on the 
Carnot cycle. The Carnot COP for a refrigeration cycle is given by: 

 
Where 𝑇evap and 𝑇cond are the absolute temperatures (in Kelvin) of the evaporator and 

condenser, respectively. 
At an ambient temperature of 25°C, the theoretical Carnot COP was calculated to be 

approximately 6.5, whereas the experimental COP was around 4.2. This discrepancy is 
attributed to real-world inefficiencies such as pressure drops, non-ideal gas behavior, and heat 
losses, which are not accounted for in the ideal Carnot model (Dincer & Rosen, 2012). 

 
Effect of Refrigerant Selection 

The choice of refrigerant significantly influences the system's performance. R-410A was 
selected for this study due to its favorable thermodynamic properties and widespread use in 
residential and commercial applications. However, emerging alternatives like R-32 and R-
454B offer lower Global Warming Potential (GWP) and comparable performance. Future 
studies should explore these alternatives to balance efficiency with environmental 
considerations (NIST, 2022). 

 

6. Conclusions 

This study analyzed the energy efficiency of a vapor-compression air conditioning 
system using the thermodynamic cycle method. The findings revealed that system 
performance, measured through the Coefficient of Performance (COP), is highly influenced 
by ambient temperature and component efficiency. COP decreased as ambient temperature 
increased, confirming that higher external temperatures reduce the effectiveness of heat 
exchange processes (ASHRAE, 2017). 

Furthermore, enhancing compressor isentropic efficiency resulted in a notable increase 
in overall system performance, supporting the assertion that component-level improvements 
can yield substantial energy savings (Yang et al., 2022). While the theoretical maximum COP, 
as predicted by the Carnot cycle, could not be achieved due to real-world inefficiencies such 
as pressure losses and heat transfer limitations, the experimental results align closely with 
previous empirical studies (Dincer & Rosen, 2012). 
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The choice of refrigerant also plays a critical role in both energy efficiency and 
environmental sustainability. Although R-410A performed well in this study, newer 
refrigerants such as R-32 and R-454B offer lower Global Warming Potential (GWP) while 
maintaining acceptable thermodynamic properties (NIST, 2022). 

 
Recommendations 
Based on the findings, the following recommendations are proposed: 

1. Improve Compressor Efficiency 
Investment in high-performance compressors or retrofitting existing units can 
significantly increase COP and reduce energy consumption. 

2. Optimize Operating Conditions 
Designing systems to operate in conditions that minimize temperature differentials—
especially during peak outdoor temperatures—can help maintain optimal 
performance. 

3. Adopt Low-GWP Refrigerants 
Future air conditioning systems should consider transitioning to environmentally 
friendly refrigerants without compromising system efficiency. 

4. Incorporate Real-Time Monitoring 
Implementing real-time performance tracking and adaptive control systems can 
further optimize energy usage and system reliability. 

5. Further Research 
It is recommended to explore alternative cycle configurations, such as ejector-based 
or absorption refrigeration systems, which may offer improved performance under 
certain conditions. 
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