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Abstract. Different methods should be developed to work on energy efficiency 

in the electrical systems that do not allow outside intervention in the control part. 

In this study, the command and control of split air conditioners is carried out 

through hardware and software designed using the embedded system board. 

Infrared signals in the remote control device of the air conditioner were read with 

the developed circuit and recorded in the internal memory of the card, and these 

codes were used for energy efficiency studies. The obtained codes were used in 2 

different applications. Thermal camera technology has been used instead of the 

traditional presence and motion sensors, which cannot achieve the desired success 

in asset detection in the absence of motion in the implemented applications. In this 

way, the presence of living things in the areas where the application is made has 

been detected with a much higher sensitivity regardless of the movement. As a 

result of the realized studies on the existing systems, 30% energy saving potential 

is determined approximately. 

 

 

1. Introduction 
 

Depending on the development of technology, the need for energy has also 

increased. The energy consumption of buildings, especially in cities, has risen 

dramatically in recent decades as a result of population growth, improved building 

services, and increasing levels of comfort [1]. In industrialized economies such as 

the Europe and the United States, buildings consume a significant amount of energy 

[2]. Buildings consume up to 31% of worldwide energy demand, 47.6% of total US 

energy consumption, and nearly 40% of total European energy consumption [3-5]. 
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When the studies are reviewed in detail, it is seen that energy efficiency and 

saving studies focus on two different approaches as reducing energy consumption 

and using renewable energy sources [6]. With the effect of global warming, the 

demand for air conditioning devices has increased. Naturally, energy consumption 

and, accordingly, energy generation costs have also increased. Consequently, it has 

become a necessity to adopt high energy efficient air conditioners and to carry out 

energy efficiency studies in low efficiency air conditioners [7]. 

Air conditioners and electric fans used to keep an ambient cool are accounted for 

20% of the total energy consumption in buildings. Due to the economic growth of 

the world, the living standards of human beings have increased. Due to the economic 

growth of the world, the living standards of human beings have increased. The 

increase in living standards will increase the rate of air conditioner usage and this 

trend will continue in the future due to global warming [8,10]. 

The purpose of air conditioning systems is to improve the air quality inside 

buildings in terms of temperature and humidity, as well as to provide a healthy and 

comfortable environment [11]. In the literature, it has been seen that researchers and 

manufacturers have started to pay more attention to thermal comfort [12,13].  

A split air conditioner (SAC) consists of an indoor unit and an outdoor unit, 

including evaporator, compressor, condenser and capillary tube [14,15]. In some 

investigated sources, the capillary tube is named as an expansion valve.  The main 

parts of a SAC have shown in Figure 1. SACs have a significant detrimental 

influence on global environmental pollution and energy consumption, despite the 

fact that it enhances human living conditions [16].  
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Figure 1. The main parts of a SAC. 
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The most energy consuming part of the air conditioner is the compressor. The 

most classical method used to reduce the energy consumption of the compressor is 

the use of an inverter. When the studies in the literature are scrutinize in detail, it is 

seen that most of the studies are related to compressor [17].  

Researches show that speed control of the compressor motor usually has been 

carried out either using inverter or pulse width modulation (PWM) devices. While 

the designing of the PWM devices, microcontroller based embedded cards are 

preferred additional to PIC or other integrated circuits. Sometimes desired results 

could be obtained without the need for additional devices by simply using an 

embedded card. In [18], A microcontroller based PWM device has been designed by 

Podder and his friends to reduce the energy consumption of SAC. As a result of their 

studies, it has been determined that at least 50 percent savings can be made. 

Many different methods are used in the energy saving studies of SAC. In [19], 

Harby and Amri provided that the air entering the air conditioner was pre-cooled 

before entering the air conditioner to perform energy saving in their experimental 

study. As a result of the pre-cooling, energy savings of up to 20% have been 

achieved. A similar study was carried out by Yang et al. in 2021. In this study, unlike 

the other study, condensate water was used to decrease the air flow temperature 

around the condenser of SAC. Depending on the operating mode of the SAC, energy 

savings were made at different rates. The maximum amount of savings achieved is 

around 20% [20]. In addition to these two studies, another similar study was 

performed by Atmaca and his friends. In this third study, evaporative cooled 

condenser was proposed. In this experimental study, the condenser in the outdoor 

unit is cooled by an evaporative pad with water circulation. As a result of this study, 

while the total electricity consumption reduced by up to approximately 12.4%, the 

total cooling capacity rose up to 18.6% [21].  

Some air conditioners in schools, hospitals and similar public buildings continue 

to operate by leaving them on at noon, evening and even late at night. SACs which 

have left on after working hours consume unnecessary energy. Usually, the 

responsible personnel manually check whether the air conditioners are on or off. 

Consequently, some SACs remain open for a long time [22]. 

Most of the studies in the literature need to internal modification of the SACs. It 

means the intervention in the control unit and electronic parts of the SACs. In this 

proposed study, it is aimed to control the air conditioner using only remote control 

codes without interfering with the cards and control units of the air conditioner. 

Existing control codes are read by using IR receiver and saved in the internal 

memory of the embedded card and then with the helping of developed algorithm and 

these codes, SACs can be controlled without any intervention. Proposed study has 

been used in two different scenarios and determined to success realization of energy 

savings. 
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2. Material and Method 

2.1. Material 

2.1.1. Design and implementation of SAC control system  
 

2.1.1.1. The controlling of SAC. SACs have been controlled by IR (Infrared) remote 

controls. If desired to control by using computer instead of the remote controller, IR 

codes must be read firstly. After the codes is read and the saved, recorded codes must 

be send to the SAC with IR transmitter. Because of this, realized study consists of 

two parts mainly. First section is for receiving and second section is for transmitting. 

This implementation will be used for controlling of SACs. Realized study were 

written by using C# and ASP.Net. Desktop application was written by using C# in 

Microsoft Visual Studio. Web application was written by using ASP.NET in 

Microsoft Visual Studio. The main screen of C# and ASP.NET software has been 

shown in Figure 2. Although the two figures are similar in terms of appearance, the 

software codes and their components are different from each other. 

2.1.1.2. Case 1: The live checking implementation in empty room. In this study, 

the time interval specified by the user, in room when presence detection the air 

conditioning switching off is to save energy via embedded system card. It has been  
 

 

Figure 2. SAC remote controller form designs. C# form design (left); Asp.Net form design 

(right). 

C# FORM DESIGN ASP.NET FORM DESIGN 
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Figure 3. Empty room control circuit. 

 

established using the Arduino Mega, fingerprint sensor, Panasonic Grid-Eye, IR 

receiver and transmitter sensor and the RTC module are used. Designed circuit is 

shown in Figure 3. 
 

2.1.1.3. Case 2: Energy saving implementation in air conditioners. In the System 

Control Room (SCR) at a university hospital in Turkey, there are three SACs which 

have without any speed control devices. These SACs have been operated 

continuously for 7 days and 24 hours at the 22 0C temperature. Because SACs have 

not a speed control device, all of them work by STOP and START logic. In the 

realized study, conventional old SACs were operated such as SACs which have 

speed control devices. Whole SACs own the same trade mark and model. This 

situation provides some facilities such as the using of same IR code, management 

with same microcontroller. In addition to previous realized study, temperature sensor 

has been added in this study to measure ambience temperature and the grid eye 

sensor has been removed from the circuit because no asset detection is required.  

 
2.2. Method 

 

2.2.1. Case 1: The live checking implementation in empty room. In this circuit, 

Panasonic grid eye sensor was detected while a person is in the room or not. If the  
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Figure 4. The algorithm flowchart of empty room control circuit. 

 

room is empty and the time is after 5 p.m., SAC will be turned off automatically. 

The algorithm flowchart of the realized study has shown in Figure 4.  

According to this algorithm, IR codes of SAC are read from the SAC remote 

controller and saved them primarily. After that, CLOSE command is sent after 17:00 

pm if there is no the live in the room. Thus, after the working hours, open SACs will 

be automatically switched off.  

In the realized study, printed wiring board has been designed as Arduino shield 

for the installation of used electronic devices. The designed printed wiring board 

figure has been shown in Figure 5. In addition, the picture of whole realized study is 

given in Figure 6. 
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Figure 5. The printed wiring board of realized study. 

 

 
 

Figure 6. The picture of carried out empty room control circuit. 

 

2.2.2. Case 2: Energy saving implementation in air conditioners. According to 

measured ambience temperature, SACs increase or decrease their own temperature 

value. Moreover, if all SACs do not need to work at the same time, SACs will be 

shut down respectively. If the SAC is needed to adjust the ambient temperature, the 

system will automatically activate the SAC as needed. Realized study is not only 

supported at the SACs in the existing SCR but also designed to manage the desired 

the numbers of SACs at the same time. The flowchart of carried out algorithm is 

shown in Figure 7. 
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Figure 7. The flowchart algorithm of SACs management system. 

 

The flowchart algorithm of the SAC management system can be summarized with the 

following steps.  

1. Input the total number of air conditioners to be used (N) 

2. Measure the ambient temperature (T) 

3. C1: (Condition 1) 

If ambient temperature T is less or equal to 180C then, all the air conditioners 

are checked. Furthermore, the open ones will be turned off and when the 

loop ends it returns to reading the environment temperature level 

4. C2: (Condition 2) 
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If the ambient temperature T is between 180C and 240C then all the air 

conditioners are checked. If the first air conditioner is turn off, it will turn 

on and set to 220C.The other air conditioners will be turned off if they are 

on and when the loop ends it returns to reading the environment temperature 

level 

5. C3: (Condition 3) 

If the ambient temperature is greater than 240C then all the air conditioners 

are checked and the open ones will be set to 220C. If the air conditioner 

which is checked is off, it will be turned on and will be set to 220C and when 

the loop ends it returns to reading the environment temperature level. 

 
3. Results 

 
Total energy consumption of existing SACs has been measured for a week. Later, 

SAC management system has been activated and same measurement, with the same 

software and the same smart plug, has been realized again. The studies were carried 

out in December. Energy consumption was measured by a low cost intelligent device 

(iDEV) which has %2 accuracy. iDEV was designed and implemented by Timur and 

his friends [23]. Total energy consumption of the whole SACs was measured as 

approximately 1,008 KWh. When the SAC management system is active, nearly 706 

KWh total energy consumption for whole SACs were also measured. As a result of 

realized measurements, it was determined that approximately 30% energy saving 

was performed by using AIRCON management system. This means that one of the 

three SACs is working unnecessarily in December. 

 
4. Conclusions 

 
In this study, microcontroller-based hardware and software design has been carried 

out in order to achieve energy efficiency in split air conditioners. First of all, the 

codes of the control of the air conditioner to be worked on were read by the infrared 

receiver and recorded in the memory of the embedded card. These saved codes were 

sent to the split air conditioner with the infrared transmitter circuit, allowing the air 

conditioner to be controlled. Test applications were carried out on desktop and web-

based using C# and ASP.NET platforms. Then the obtained codes were used in two 

different applications. In the first application, it was ensured that the air conditioners 

that were open outside of working hours were turned off when there was no one in 

the environment. In the second application, 3 split air conditioners working 

simultaneously in the system room were operated in a controlled manner in a 

sequential manner. Thus, devices that cause energy loss by being operated when not 

needed are prevented from throwing away energy (energy wasting). Although the 
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applications made save energy at different levels according to the months worked, 

the results obtained showed that at least 30% energy saving was achieved. 

 

Author Contribution Statements Authors are equally contributed to the paper. All 

authors read and approved the final copy of the manuscript. 

 

Declaration of Competing Interests The authors declare that they have no known 

competing financial interests or personal relationships that could have appeared to 

influence the work reported in this paper. 

 
References 

 

[1] Perez-Lombard, L., Ortiz, J., Pout, C., A review on buildings energy consumption 

information, Energy Build., 40 (2008), 394-398, 

https://doi.org/10.1016/j.enbuild.2007.03.007. 

[2] Rashid, S. A., Haider, Z., Hossein. S. M. C., Memon, K., Panhwar, F., Mbogba, M. K., 

Hu, P., Zhao, G., Retrofitting low-cost heating ventilation and air-conditioning systems 

for energy management in buildings, App. Energy, 236 (2019), 648-66, 

https://doi.org/10.1016/j.apenergy.2018.12.020. 

[3] Johansson, T. B., Patwardhan, A. P., Nakicenovic, N., Gomez-Echeverri L., Global 

Energy Assessment: Toward a Sustainable Future, Cambridge University Press, (2012). 

[4] Agarwal, Y., Balaji, B., Gupta, R., Lyles, J., Wei, M., Weng, T., Occupancy-driven 

energy management for smart building automation, Proceedings of the 2nd ACM 

Workshop on Embedded Sensing Systems for Energy-Efficiency in Building: ACM, 

(2010), 1-6, https://doi.org/10.1145/1878431.1878433. 

[5] Directives, Directive 2010/75/EU of the European Parliament and of the Council, OJEU, 

334 (2010), 17-119. 

[6] Ali, A. O., Elmarghany, M. R., Abdelsalam, M. M., Sabry, M. N., Hamed, A. M., Closed-

loop home energy management system with renewable energy sources in a smart grid: a 

comprehensive review, J. Energy Storage, 50 (2022), 104609, 

https://doi.org/10.1016/j.est.2022.104609. 

[7] Elsaid, A. M., A novel design, implementation and performance evaluation of the first 

electronic expansion ejector for energy saving of a mini split air conditioner controlled 

by inverter, Energy Convers. Manag., 260 (2022), 115603, 

https://doi.org/10.1016/j.enconman.2022.115603. 

[8] Tracking Sustainable Development Goal 7: The Energy Progress Report 2022. 

https://trackingsdg7.esmap.org/data/files/download-documents/sdg7-report2022-

full_report.pdf. 

[9] Santamouris, M., Cooling the buildings – past, present and future, Energy and Build., 128 

https://trackingsdg7.esmap.org/data/files/download-documents/sdg7-report2022-full_report.pdf
https://trackingsdg7.esmap.org/data/files/download-documents/sdg7-report2022-full_report.pdf


 

SPLIT CLIMATE CONTROL SYSTEM 
 

 

127 

(2016), 617-638, https://doi.org/10.1016/j.enbuild.2016.07.034. 

[10] Ürge-Vorsatz, D., Cabeza, L. F., Serrano, S., Barreneche, C., Petrichenko, K., Heating 

and cooling energy trends and drivers in buildings, Renew. Sustain. Energy Rev., 41 

(2015), 85-98, https://doi.org/10.1016/j.rser.2014.08.039. 

[11] Mohammed, J. A., Mohammed, F. M., Jabbar, M. A., Investigation of high performance 

split air conditioning system by using hybrid PID controller, App. Therm. Eng., 129 

(2018), 1240-1251, https://doi.org/10.1016/j.applthermaleng.2017.10.113. 

[12] Shiming, D., Zheng, L., Minglu, Q., Indoor thermal comfort characteristics under the 

control of a direct expansion air conditioning unit having a variable-speed compressor 

and a supply air fan, App. Therm. Eng., 29 (2009), 2187-2193, 

https://doi.org/10.1016/j.applthermaleng.2008.10.011. 

[13] Calvino, F., Gennusa, M. L., Morale, M., Rizzo, G., Scaccianoce, G., Comparing 

different control strategies for indoor thermal comfort aimed at the evaluation of the 

energy cost of quality of building, App. Therm. Eng., 30 (2010), 2386-2395, 

https://doi.org/10.1016/j.applthermaleng.2010.06.008. 

[14] Che, Y., Yang, J., Zhou, Y., Zhao, Y., He, W., Wu, J., Demand response from the control 

of aggregated inverter air conditioners, IEEE Access, 7 (2019), 88163-88173, 

https://doi.org/10.1109/ACCESS.2019.2925659. 

[15] Wu, Z., Li, N., Wargocki, P., Peng, J., Li, J., Cui, H., Field study on thermal comfort 

and energy saving potential in 11 split air conditioned office buildings in Changsha, 

China, Energy, 182 (2019), 471-482, https://doi.org/10.1016/j.energy.2019.05.204.  

[16] Hui, H., Ding, Y., Zheng, M., Equivalent modeling of inverter air conditioners for 

providing frequency regulation service, IEEE Trans. Ind. Electron., 66 (2) (2019), 1413-

1423, https://doi.org/10.1109/TIE.2018.2831192. 

[17] Wei-Han, C., Huai-En, M., and Tun-Ping, T., Performance improvement of a split air 

conditioner by using an energy saving device, Energy Build., 174 (2018), 380-387, 

https://doi.org/10.1016/j.enbuild.2018.06.055. 

[18] Podder, P., Debnath, T., Faruk, O., Islam, S., A Microcontroller based efficient 

scheduling system for air conditioner focusing on maximum electricity savings using 

PWM concept, IJATCSE, 10 (2) (2021), 1183-1192, 

https://doi.org/10.30534/ijatcse/2021/1001022021. 

[19] Harby, K., Amri, F. A., An investigation on energy savings of a split air-conditioning 

using different commercial cooling pad thicknesses and climatic conditions, Energy, 182 

(2019), 321-336, https://doi.org/10.1016/j.energy.2019.06.031. 

[20] Yang, H., Pei, N., Liu, L., Fan, M., Qin, Y., Experimental study on the effect of 

condensate water on the performance of split air conditioning system, Energy Rep., 7 

(2021), 840-851, https://doi.org/10.1016/j.egyr.2021.01.037. 

[21] Atmaca, I., Senol, A., Caglar, A., Performans testing and optimization of split type air 

conditioner with evaporately-cooled condenser, Eng. Sci. Technol. Int. J., 32 (2022), 



 

O. TİMUR, A. TEKE 
 

 

128 

101064, https://doi.org/10.1016/j.jestch.2021.09.010. 

[22] Yu, K., Cao, Z., Liu. Y., Research on the optimization control of the central air-

conditioning system in university classroom buildings based on TRNSYS software, 10th 

International Symposium on Heating, Ventilation and Air Conditioning, ISHVAC2017, 

Procedia Eng., 205 (2017), 1564-1569, https://doi.org/10.1016/j.proeng.2017.10.261. 

[23] Timur, O., Zor, K., Celik, O., Teke, A., Enhancement of a low-cost intelligent device 

for improving energy efficiency in buildings, Commun. Fac. Sci. Univ. Ank. Series A2-

A3, 60 (2) (2018), 103-128, https://doi.org/10.1501/commua1-2_0000000118. 

 


