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ARTICLE INFO ABSTRACT

A decrease in the performance of a split unit type air conditioning system can be
Received 22 November 2024 caused by a nu'mber of factors, such as airflow obstruction by fore'ig'n matter or
Received in revised form 5 December 2024 component maintenance problems. As a result, the use of electricity becomes
Accepted 12 December 2024 inefficient, causing operating costs to increase. This study aims to develop a device that
Available online 25 December 2024 can warn users about the appropriate time for maintenance of split unit air
conditioning systems. The two main objectives of this study are: first, design and build
a sensor that can tell users the best time to carry out maintenance; second, analyze
the capability of this sensor as a tool to measure Coefficient of Performance (COP) for
split unit air conditioning. In addition, this study also aims to provide a deeper
understanding of COP measurement as well as how the sensor can help improve the
energy efficiency of the air conditioning system. The research methodology involves
analyzing the performance of the split unit air conditioning system by considering the
COP as well as the air flow speed in the condenser and evaporator. The best COP
achieved is 5.19, while the lowest COP is 1.98. This study found that optimal
maintenance should be done when the COP is in the range of 2 to 4. Using this sensor,
electricity can be saved significantly by carrying out maintenance at the right time,
simultaneously reducing operating costs and increasing the energy efficiency of the air
conditioning system.
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1. Introduction
1.1 Study Background and Problem Statement

The climate in Malaysia is generally hot and humid (tropical) throughout the year, with an average
annual rainfall of 250 cm and an average temperature of 27 °C. These persistent heat and humidity
conditions significantly impact the indoor environmental comfort of buildings, influencing both the
design and operation of indoor environmental systems. As a result, effective climate control
measures are essential to address these challenges. Studies indicate that the total number of air-
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conditioning units in residential buildings in Malaysia was 493,082 in 1999 [1]. The energy consumed
by air conditioning applications accounts for 30% of global energy consumption [2,3]. Furthermore,
it is anticipated that societal development will lead to a significant increase in power consumption
for air conditioning, further impacting overall electricity consumption [4]

One of the main problems for this type of air conditioning is the low operational efficiency as well
as the waste of cost and energy when maintenance is done earlier than necessary. Furthermore,
increasing global pressures have prompted Malaysia to adapt an energy mix strategy to address the
growing energy demand while promoting development [5].

The device proposed in this project is designed to evaluate the performance of the system based
on the Coefficient (COP), which is the main indicator of the operational efficiency of the air
conditioning system. A study by Jahangeer et al., [2] and Kalkan et al., [6] showed that the use for air
conditioning in buildings accounts for energy between 30% and 45% of the total energy requirements
and can reach up to 70% in hot areas [7]. This shows the urgent need to improve the efficiency of the
system to achieve the goals of energy saving and environmental sustainability.

High discharge and high condensing temperature and pressure are known to significantly degrade
air conditioning performance. This situation causes increased energy consumption, reduced cooling
capacity, reduced heat reduction by the condenser, and lower COP [8,9]. Therefore, considering the
high energy requirements of air conditioning systems in buildings, studies to improve the
performance of these systems are very important.

Poor air conditioning system maintenance practices can lead to more frequent outages, which
can cause inconvenience or even disaster. So, air conditioning system maintenance must be more
consistent, efficient and cost effective [10]. Regular servicing helps detect potential issues early,
ensuring that the system operates optimally and extends its lifespan. A well-maintained AC system
not only improves energy efficiency, reducing operating costs, but also ensures that the system can
perform at its best, minimizing the likelihood of unexpected failures. Thus, adopting a proactive and
systematic approach to maintenance is crucial for avoiding disruptions, maintaining comfort, and
ensuring cost-effectiveness in the long term. Air conditioning system maintenance is not just about
fixing problems as they arise, but about implementing a routine, comprehensive maintenance
strategy that prevents breakdowns, ensures system reliability, and optimizes overall performance.

Thorough and frequent cleaning of the condenser and evaporator coils using specialized
chemicals and methods is crucial, as dirty or clogged coils can significantly impact the system's
efficiency and cooling capacity. To ensure that the coils operate at maximum efficiency, they should
be cleaned regularly using specialized chemicals and cleaning methods. Using the right cleaning
agents helps break down and remove stubborn grime, mold, and mineral deposits that can build up
over time. Special techniques, such as coil cleaning sprays, foam cleaners, or pressure washing, are
designed to effectively clean without damaging the delicate coil surfaces. This routine maintenance
not only helps restore the system’s cooling capacity but also reduces the risk of overheating and
mechanical failure due to blocked airflow. neglecting to clean the coils can significantly impair the air
conditioning system’s ability to function properly, leading to higher operational costs and poorer
cooling performance. Regular, professional cleaning is an investment that pays off by improving
energy efficiency, enhancing system longevity, and ensuring a more comfortable indoor
environment.

This project aims to develop a smart sensor device capable of warning users about the right time
to perform maintenance on a split unit type air conditioning system. Although energy efficiency has
been improved within individual systems, achieving seamless integration among these systems
remains a critical goal [11]. That way, maintenance can be done at the right time to ensure maximum
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operational efficiency, while reducing energy waste and costs. Maintenance is suggested when
system performance shows a drop below optimal level.

Despite extensive research on air conditioning systems, several gaps remain unaddressed.
Current systems primarily rely on scheduled maintenance rather than real-time performance-based
indicators, leading to unnecessary maintenance or delays in addressing efficiency losses, which
increases energy waste and costs. While the impact of poor maintenance practices and airflow
obstructions on performance, such as reduced Coefficient of Performance (COP) and higher energy
consumption, is well-documented, there is a lack of affordable, user-friendly solutions to detect and
resolve these issues proactively. Furthermore, existing studies focus on individual system
improvements but fail to address seamless integration or sustainable approaches tailored to tropical
climates like Malaysia, where persistent heat and humidity pose unique challenges. Additionally,
while research has identified the optimal maintenance range based on COP values, practical tools to
monitor and alert users in real-time are limited. This project bridges these gaps by developing a smart
sensor device capable of identifying the precise time for maintenance based on COP, ensuring
optimal system performance, reducing electricity consumption, lowering costs, and promoting
sustainability in air conditioning technology.

This study determined the best COP for the selected unit was 5.19, while the lowest COP was
1.98. Based on the analysis, the optimal maintenance time is when the COP is in the range of 2 to 4,
which indicates the need for maintenance intervention to avoid efficiency degradation. The results
of the study showed a significant decrease in performance due to airflow obstruction in the
condenser and evaporator, resulting in a lower COP. With this device, users can identify the most
accurate maintenance time, while maintaining the performance of the split unit type air conditioning
system at the best level and reducing the use of electricity and operating costs. This situation also
emphasizes the need for a more sustainable approach in air conditioning technology to reduce the
impact on the environment [12].

1.2 Objectives
To achieve the results of this study, two main objectives have been identified, namely:

i. Design and produce a smart sensor device capable of warning users about the most suitable
time to carry out maintenance on split unit type air conditioning systems, to improve energy
efficiency and avoid cost wastage.

ii. Analyzing the capability of the sensor device as a tool for measuring the Coefficient of
Performance (COP) of the split unit air conditioning system to evaluate the level of operational
efficiency effectively and accurately.

2. Literature Review

Split-unit air conditioning systems consist of two units: the outdoor unit, which contains the
compressor, condenser, and capillary tube, and the indoor unit, which houses the evaporator. The
system's performance is heavily influenced by operating conditions, which are defined by parameters
such as discharge temperature, discharge pressure, condensing temperature, suction temperature,
and suction pressure [13]. These factors significantly affect its efficiency and functionality.

The thermal load of a building is determined by two main factors: external heat load and internal
heat load. External heat load depends on outdoor climatic conditions, which are beyond the control
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of the building's users. Internal heat load arises from factors like the number of occupants, electrical
appliances, lighting, and occupant activities [14]. Given that air-conditioning systems are influenced
by various factors such as outdoor conditions, occupancy variations, and seasonal changes, the
predictive control method is highly suitable for optimizing their performance [15]. This method
anticipates changes and adjusts system operations efficiently, improving performance and saving
energy.

In a typical configuration, the compressor increases the refrigerant's pressure from low in the
evaporator to high in the condenser. After compression, the refrigerant transitions from a hot gas to
a liquid as it releases heat through the condenser coil and fan. This vapor compression cycle, widely
used in residential and industrial air conditioning, is one of the most energy-intensive systems,
accounting for 13.7% to 16% of residential electricity consumption [16]. This underscores the need
for designing more energy-efficient air conditioning systems to reduce energy usage.

As a major contributor to building energy consumption, the green development of the HVAC
industry plays a critical role in energy saving, emission reduction, and sustainable development [17].
By focusing on eco-friendly innovations, the HVAC sector reduces energy usage and minimizes
environmental impact, aligning with global sustainability goals. To lower HVAC energy consumption,
adopting optimized system designs and enhancing building insulation is essential [17]. Improved
insulation minimizes heat exchange, reducing the HVAC system's workload and enabling it to operate
more efficiently. Optimized designs further enhance performance by ensuring the system functions
effectively with minimal energy waste. Together, these strategies help achieve significant energy
savings, reduce emissions, and support environmental sustainability.

Good control mechanism and optimization parameter has primarily been a foundation for an
effective energy efficiency and good thermal comfort in the HVAC system. The HVAC system
reliability and stability are extremely important such that minor system malfunctioning may lead to
bad consequences like energy wastage and thermal discomfort [18]. A good control mechanism and
the optimization of key parameters are essential foundations for achieving both energy efficiency
and optimal thermal comfort in HVAC (Heating, Ventilation, and Air Conditioning) systems. Effective
control strategies enable the HVAC system to operate at its best, ensuring that energy consumption
is minimized while maintaining the desired indoor climate. This balance between energy use and
comfort is crucial for reducing operational costs and improving overall performance.

In split-unit systems, the compressor and condenser operate independently of the cooling unit,
connected by millimeter-diameter pipes and insulation to link the cooling ducts. This setup is ideal
for small residences, such as homes and offices, and is often equipped with a four-way valve, which
enhances functionality and operational versatility [19].

A vapor compression refrigeration system relies on four main components: a compressor,
condenser, expansion valve, and evaporator. These components drive the cooling process by
inducing changes in the thermodynamic properties of the refrigerant, enabling energy transfer
between the refrigerant and the environment [20,21]. Graphical tools, such as pressure-enthalpy (p-
h) diagrams (Fig.1), are utilized to visualize heat transfer and assess refrigeration cycle performance.
In these diagrams, the high-pressure and low-pressure regions are separated, with the saturated
vapor line distinguishing the superheated vapor from the liquid phases and the quality line indicating
constant dryness fractions in the two-phase region.
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Fig. 1. p-h diagram (hvac-eng.com, 2022)

For improved energy prediction and efficiency in these systems, it is essential to consider the
nonlinearity between temperature and electricity consumption, which can challenge traditional
correlation coefficient-based methods and hinder their application in engineering contexts [3].
Meanwhile, evaporative cooling cells offer a cost-effective, energy-efficient alternative or
complement to vapor compression, especially effective in specific climates [22].

To promote sustainable air conditioning, Kang et al., [23] evaluated low-cost air quality sensors
to improve environmental impact monitoring. While these sensors were less precise than traditional
methods, they provided high-resolution spatial data, particularly useful when deployed in dense
networks. With growing concerns about energy consumption and environmental impact, the
development of efficient and eco-friendly air conditioning technologies has become a key area of
innovation, emphasizing sustainability [24]. Temperature measurement is a critical parameter in air
conditioning and refrigeration systems. Accurate measurements are essential for analyzing operating
conditions and evaluating system performance effectively [25].

Based on study from Harby et al., [26] demonstrated that utilizing an evaporative condenser
significantly enhances system performance, achieving a 58% reduction in energy consumption and a
remarkable 113.4% performance improvement. Similarly, Yang et al., [27] explored the integration
of spray evaporative cooling in air-cooled chillers, which reduced compressor power and improved
the system's COP by 4%-8%. Collectively, these studies highlight the potential of evaporative cooling
methods to optimize energy efficiency and performance in cooling systems, emphasizing their
application in both system-wide and component-specific contexts. Study from Piyanut et al., [11]
highlights the use of ultrasonic sensors to detect refrigerant leaks in refrigeration systems, showing
significant energy savings when leaks are fixed promptly. The findings demonstrate that addressing
leaks can reduce energy usage by 7% for a 10% leak, 17% for a 20% leak, and 59% for a 30% leak.
These results suggest that the system effectively improves efficiency and reduces environmental
impact.

Maintenance is important to keep all components working properly. Preventive maintenance
practices, such as quarterly or semi-annual checkups, are recommended to prolong the lifespan of
the air conditioning systems. The increase of condensing temperature could also be caused by the
reduction of air flow in the condenser caused by air blockage. The effect of the obstacle decreases
with the increase of the distance between the condenser and the obstacle. The effect diminishes
when the obstacle was placed at a distance of 50 cm or more [13]. An increase in condensing
temperature can occur due to reduced airflow in the condenser, often caused by air blockage. The
impact of the blockage decreases as the distance between the condenser and the obstacle increases.

40



Future Energy and Environment Letters
Volume 1, Issue 1 (2024) 36-47

The effect becomes negligible when the obstacle is positioned at least 50 cm away from the
condense.

Facility managers also employ a multi-faceted approach to minimize disruption to occupants
during maintenance, including scheduling major tasks during off hours, utilizing remote monitoring
and control capabilities and coordinating with building managers and occupants to understand peak
usage periods. Preventive maintenance practices, combined with strategic planning and the use of
advanced monitoring tools, are critical to ensuring that air conditioning systems function efficiently
and reliably over the long term. By minimizing disruption and addressing issues proactively, facility
managers can ensure a comfortable environment for occupants while optimizing system
performance and reducing operational costs.

This action is being taken to prevent damage to the device or component and ensure it operates
efficiently. There are several maintenance approaches to ensure that equipment lasts throughout its
life, including reactive, preventive, predictive, and reliability maintenance. Preventive maintenance
involves routine checks to ensure the system is functioning properly and to avoid unexpected
breakdowns. For low electricity consumption, maintenance planning is important to reduce
electricity bills. If there is damage to the air conditioning system, users are advised to refer to highly
skilled technicians for repairs to ensure the system operates at its maximum potential [28].

3. Methodology
3.1 Design

This phase focuses on the process of designing and developing a device prototype that serves as
an air conditioning system maintenance time indicator. Computer-Aided Design (CAD) software will
be used to design the prototype of this device, allowing a clear and detailed visualization of the
components to be developed. The use of CAD software also helps in identifying the dimensions,
arrangements, and specifications of the required components.

Based on previous literature and design studies, several key components have been selected to
measure the performance of the air conditioning system, including sensors to monitor the COP and
air flow in the system. The device prototype is designed to generate relevant performance data, such
as air flow speed and temperature, which will then be sent to an application developed specifically
for this purpose.

The application is programmed to automatically receive and process data, then display the
performance percentage of the air conditioning system. This application facilitates the user in
monitoring the efficiency of the system and warns when the performance level drops to a level that
requires maintenance. Figure 2 shows an illustration of this prototype design and the arrangement
of the main components involved.

Fig. 2. System design in the outdoor unit
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3.2 Design Concept

This system is developed based on the p-h diagram for the basic refrigerant cycle, where the
performance of the system will be calculated using the enthalpy (h) based on the diagram. The data
obtained will be calculated using the COP formula for the basic refrigerant cycle.

Based on the p-h diagram, temperature and pressure are needed to determine enthalpy (h). The
temperature will be measured in several main parts: the compressor suction side, the compressor
discharge side, and the evaporator inlet side, with temperature sensors installed at each location.
The pressure will be measured on the suction and discharge side of the compressor using a manifold
gauge. This measured data will be entered into the software application.

The software used, which is Microsoft Excel, will calculate and display the percentage of system
performance as well as the best percentage level for air conditioning maintenance.

3.3 Fabrication

The selected components will be installed using an installation method based on the basic
refrigerant cycle. As for the pressure gauge, the split unit type air conditioning system will be
modified by installing a gauge manifold on the suction and discharge compressor channel to measure
the pressure value.

The temperature sensors will be connected via Arduino and installed at three different locations:
the evaporator inlet, the compressor suction channel, and the compressor discharge channel, to
obtain temperature readings at each of these points. The sensor installation location is determined
based on the p-h diagram to ensure the accuracy of the measured data. In addition, digital pressure
gauges will be placed in two locations, namely on the suction line and the discharge line on the
compressor, to ensure consistent pressure readings.

p.psiay

A. Buu/lb

(a) Sensor location (sensor) installed (b) The location of the p-h diagram

Fig. 3. Installation method (a) Sensor location (sensor) installed (b) The location of the p-h
diagram
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(a) Location of the pressure gauge (meter gauge) (b) The location of the p-h diagram

Fig. 4. Installation method (a) Location of the pressure gauge (meter gauge) (b) The location of the p-h
diagram

4. Result and Discussion

The Coefficient of Performance (COP) of the split unit type air conditioning system was recorded
and calculated through experiments to identify the performance of the system in different
conditions. This experiment aims to evaluate the state of the system when performing high or low,
by using the method of reducing the air flow speed on the system. This method simulates the real
situation, where foreign matter adhering to the fins reduces the heat transfer efficiency of the
condenser and evaporator units. In this context, when the condenser and evaporator operate at their
maximum level, it is considered to produce a higher COP for the system.

Personal Comfort System (PCS) provides a promising means of meeting the demand. The PCS in
conjunction with fan use, which is regarded as the most prevalent thermal adaptation behaviour,
offers advantages in terms of conditioning the indoor thermal environment, modulating the person's
interaction with the surrounding environmental control system, and reducing the excessive use of
energy on HVAC [29]. Furthermore, a Personal Comfort System contributes to energy efficiency by
reducing the excessive use of HVAC systems. Since occupants can fine-tune their comfort with a fan
or localized control settings, the overall reliance on large-scale air conditioning or heating systems is
minimized. This leads to a reduction in energy consumption, as the HVAC system does not need to
work as hard to maintain a uniform temperature across the entire building. As a result, the PCS offers
a sustainable way to improve thermal comfort while lowering energy costs, making it an attractive
option for both residential and commercial buildings seeking to optimize energy use. he Personal
Comfort System, when used alongside fan technologies, not only enhances individual comfort and
thermal satisfaction but also promotes energy conservation by reducing the demand on traditional
HVAC systems. This combination of personalized control and energy efficiency positions the PCS as a
valuable tool for improving indoor environmental quality while minimizing energy consumption.

Four experiments were conducted to determine the performance percentage of a split unit air
conditioning system. This experiment involved modifying the performance of the system by reducing
the air flow rate on the condenser and evaporator. In the first experiment, the air flow rates in the
condenser and evaporator were gradually reduced to 25%, 50%, 75%, and 100%. In the second
experiment, the condenser airflow rate was set at 25%, while the evaporator airflow rate was varied
from 25% to 100%. Next, in each stage of the experiment, the condenser air flow rate was increased
to 50%, 75%, and finally 100%, while maintaining the evaporator air flow rate that changed from 25%
to 100% according to the procedure. This approach aims to simulate real conditions where high
impurities cause reduced heat transfer in the condenser and evaporator. Experimental data has been
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recorded and analysed through graphs to provide a clear picture of system performance in various
airflow conditions.

Figure 5 shows that reduced air flow speed will result in COP performance for the affected
system. It has also been proven that the condensing unit will cause a significant impact on the
performance of the air conditioning system. This involves daily checks, regular inspections and
routine maintenance tasks such as cleaning, lubrication and minor adjustments to keep the air
conditioning components in good condition. Specialized tools and technologies, including leak
detectors, gauges and refrigerant recovery machines, are utilized to effectively diagnose and address
any issues with the systems [10]. A combination of daily checks, regular inspections, and routine
maintenance tasks, supported by specialized diagnostic tools, is essential for keeping air conditioning
systems in good working condition. By identifying and addressing issues early on, these practices help
maintain system efficiency, extend the lifespan of the components, reduce energy consumption, and
ensure that the cooling system operates reliably when needed most.

Table 1
COP data for condenser and evaporator
Condensor Evaporator
2.92 4.29
3.03 4.37
cop 4.28 4.82
4.82 5.02
5.19 5.19
5.5 gy TSI

>.19 ==@==Condenser

==@== Evaporator

—— 2.92

0 25 50 75 100 125

air flow speed

Fig. 5. Performance percentage for condenser and slow evaporator airflow speed

Figure 6 shows the decrease in airflow speed for both the evaporator and condenser units. The
graph proves that the air conditioning system operates with a lower coefficient of performance when
the air flow to the condenser and evaporator is obstructed. In the airflow speed condition at 0%—
200%, the system is in a very bad condition, with the airflow completely blocked due to dirt on the
coil. This situation not only increases the consumption of electricity but can also cause serious
damage to air conditioner components if left on for too long. At 200%—400%, the system is still in
poor condition, where dirt partially obstructing airflow continues to increase electricity consumption.
Immediate maintenance is required to prevent performance degradation. On the other hand, at
400%—-500%, the air conditioning system is in good condition, operating efficiently without any
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significant obstructions. Therefore, regular maintenance is very important to ensure that the system
continues to function properly and avoid major damage.

Table 2
Data taken from the experiments carried out
25% 50% 75% 100%
P1 0.483 P1 0.521 P1 0.563 P1 0.582
P2 1.896 P2 2.037 P2 2.104 P2 2.202
T1 25.12 Tl 25.46 Tl 26.5 T1 26.41
T2 58.06 T2 62.55 T2 64.4 T2 67.94
T3 19.07 T3 22.04 T3 24.2 T3 26.93
5 corp
T © 482 Condensor air flow

speed 100%

Condensor air flow
speed 75%

Candensor air flow
speed 50%

——

Condensor air flow
speed 25%

0 25 50 75 100 125

air flow speed

Fig. 6. Performance percentages for both condenser and evaporator fans are slow
5. Conclusion

This study focused on monitoring the performance and efficiency of air conditioning systems to
ensure good air quality, reduce energy consumption, and save costs. Key findings highlight the
importance of technical expertise, specialized tools, and comprehensive maintenance strategies for
HVAC technicians and facility managers in Malaysia. These practices are critical in maintaining system
reliability, enhancing energy efficiency, and reducing operational costs, particularly in the country’s
hot and humid climate [10,30,31].

A performance monitoring system for air filters in air ducts was developed, offering practical
guidance to maintenance teams and users. It ensures timely maintenance, especially for split-unit air
conditioners, while supporting energy-efficient operations. Innovative technologies like cooling vests
further demonstrate how personal cooling solutions can enhance thermal comfort and energy
efficiency.

However, the adoption of smart sensors in air conditioning systems faces several potential
barriers, including financial constraints due to high initial investment costs, technical challenges such
as integration with existing infrastructure and system complexity, and social factors like resistance to
change and lack of awareness about the benefits of these technologies. Cost-effective maintenance
hinges on the competence of personnel, emphasizing proper scheduling, skilled execution, and
minimizing errors. By optimizing maintenance processes and operations, this approach stabilizes
energy consumption, extends system lifespan, and promotes sustainability. Ultimately, the
improvements in air quality contribute significantly to enhancing human well-being.
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