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Abstract—A high portion of electric consumption is air conditioning in householders or offices, reaching 42%. Therefore, it is necessary
to automatically regulate air conditioning operations for energy saving using a control system, usually involving its hardware. As
another option, the control system also involves electronic devices and software. This research developed an automatic control system
using an ESP32 microcontroller integrated into the Blynk-based internet of things (IoT) for energy-saving air conditioning. The ESP32
was programmed using Arduino IDE and combined with a motion sensor to maximize energy saving. The motion sensor was a trigger
to turn on the system. The recorded data were current, voltage, power, temperature, and motion detection. Based on the recorded
power, the consumed energy was computed using trapezoidal and Simpson's composite rules of numerical integrations and ordinary
methods. The testing was conducted in conventional, manual, and automatic operations. The yielded automatic control system operated
adequately. The testing results revealed that the automatic operation saved 1.15 kWh (15.00%),0.99 kWh (13.66%), and 1.14 kWh
(14.87%) average daily energy compared to the conventional operation, respectively, by using the ordinary, Simpson's composite rule,
and trapezoidal composite rule computations. While the automatic compared to the manualmethodssaved1.68 kWh (20.44%), 1.78 kWh
(22.14%), and 1.66 kWh (20.24%), respectively, for the same computations. Thus, the automatic system considerably saved energy
compared to conventional and manual operations. Moreover, these energy savings were also higher than some previous research on air
conditioning energy savings.
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reducing fuel consumption on home appliances (including
I. INTRODUCTION ACs) using a hybrid PV, diesel generator and batteries [16].
The energy-saving strategies were also using multiple
machine learning methods [17], a high energy efficiency
rating inverter [18], a digital scroll compressor of multi-unit
AC [19], and an 18% reducing cooling energy by using PCRC
[20]. On the other hand, the internet is widely used for various
information retrievals, file sharing, and so on [21]. A 26%
reducing fan power using raised-floor fixed panels was
reached in a data center [22], and a data mining approach is a
more accurate simulation of energy-saving [17]. An AC
controlling energy consumption focused on either scheduled
switching or optimizing [23].

Air conditioning usages focus on comfort and safe [1]. It
spent 35%-42% more electricity for householders [2], and
even HVAC is utilized to provide grid services [3]. Many
efforts on energy saving of air conditioning systems have
been conducted, such as dynamic setting temperature, 59.1%
of energy consumption saving [4], ventilation and variation
law of 30% reducing energy consumption [5], 8.6% of
conserved energy of adaptive model [6], 11%-30% extended
driving range of utilizing air re-circulation [7], 38% reduced
electric energy of M-cycle evaporative cooling [8], 15%
potential energy saving of lightweight thermoelectric [9], . .
50% recover energy of exhausgted airg[IO], PCA-GMMs has Mor.eoverz Kevin Ashton proppsed IoT in 1999 has the
99% fault diagnosis correct rates [11], 6.4% reducing energy potential to improve energy efficiency [24]. Recently, most
consumption with stratum ventilation [12], 12.3%, 38.5% and models of released AC haye been IoT-enabled [25]' The IoT
221.9% energy efficiency improvements in three cities [13], technology con trgls Sel-poInt temperatures IMproving energy-
4%-12.4% decreasing power consumption using a saving potential in reducing the energy consumption of ACs

evaporative cooling of condenser of a split-type AC [14], [26]- ) ; 0

balance on energy saving and thermal comfort on a BEV by Using an IOT, basis, a preference map reduces 57.38%

10% slow down, energy gain reached 2.2 kWh [15], and 20% energy consumption [25], A PMV-based temperature control
system saved 33%-44% of consumed energy [27], and an [oT-



based computer room achieved 16.64% energy-saving [28].
The IoT prototype saved up to 20% of energy in HVAC
systems [29]. The IoT framework and Blynk Application
Programming Interface (API) for monitoring the achieved
data of 0.9 kWh HVAC energy saving [30]. The use of CoAP
of IoT in an intelligent building could save energy by 30.86%
[31]. An air-handling process and chilled water loop achieved
an energy saving of 16.4% [32].

Nevertheless, the energy-saving efforts on air conditioning
involved in IoT are limited. Therefore, a new design,
implementation, and testing method for IoT-based energy-
saving monitoring and automatic control should be
investigated. It also used motion-sensing as existing human
detection. The research objective was to find out an IoT-based
automatic system for an air conditioning operation to maintain
thermal comfort. In comparison, the purpose of the research
was to acquire electrical energy savings consumed by an air
conditioner compared with previous similar research and
other methods; conventional and manual.

II. MATERIAL AND METHOD

Generally, conventional temperature-controlled air
conditioning ignores the occupants in a room. Even though
the air conditioner operates based on temperature sensing, this
is still wasteful, and consumption savings can still be made
based on the presence of occupants in a temperature-
controlled room. Thus, two sensors were needed, namely
temperature and motion sensors, hoping the electrical energy
consumed could be saved further. For example, above the
setting value, the air conditioning will continue to work in

extreme conditions when the temperature is high. However,
the air conditioner will turn off if there are no occupants. Thus,
electrical energy consumption can be saved more when
compared to only based on temperature sensing, which will
turn on continuously if the set temperature value has not been
reached.

Fig. 1 shows the system block diagram of the designed
monitoring and control of the air conditioning based on IoT.
The main input quantities, temperature, and adult human
movement were sensed by LM35 temperature and motion
passive infrared (PIR) sensors. In this case, the mean
temperature was the conditioned room's temperature.
Although the outside temperature, number of occupants, and
presence of opened window influence the room temperature,
the occupant comfort is determined by the room temperature
itself. In comparison, the PIR sensor sensed the presence of
occupants regardless of the number of occupants. Equipped
with this PIR sensor, the system will save further electrical
energy consumption rather than just a temperature sensor. The
signals from the sensors entered into the ESP32
microcontroller. The main output equipment was a relay,
transistor, liquid crystal display (LCD), and modem.

The programmed control system used Arduino IDE
software inserted into the ESP32 microcontroller. The
program read a room temperature. The program measured
voltage, current, and power using PZEM-004t, connected to
the ESP32 microcontroller. The automatic system operated
when the motion sensor detected an adult human movement,
so the air conditioning was turned on. It was also remotely
monitored and controlled by the Blynk software, installed on
a smartphone, and integrated into the ESP32 microcontroller.
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The Arduino IDE was run by entering the File into the
Preferences menu. Furthermore, it was displayed in the dialog
window, and copying of the link was then entered in the
Boards Manager and running, as shown in Fig. 2. The
Arduino IDE downloaded data from a particular address.

The application of the AC should be able to send an
infrared signal, like a standard AC remote. However, the
unique pattern of an infrared signal received by the AC could
not be changed because it could only accept the particular
designed infrared signal set by the factory. Nevertheless, the
unique infrared signal could be achieved using the ESP32
microcontroller. The ESP32 circuit, connected to the
TSOP1738 IR Receiver, was linked to an Arduino IDE
installed computer. The program was created for the infrared
signal pattern reading and uploading to the Arduino ESP32.
The remote button for the AC infrared signal included the
switch to turn on at 20°C to 32°C in a 1°C step. The unique
pattern of the infrared signals was visible in the numerical
forms on the Arduino IDE software monitor. The button on
the AC remote was directed to TSOP1738, which was
connected to the Arduino.
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Fig. 3 Automatic system flow chart

The first step of designing Blynk software was creating an
account on an Android and logging in. Furthermore, a new
project should be done. All necessary features were added,
including a control and monitoring system. In the automatic
system, initially, the PIR sensor was placed near a door to
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detect the presence of an adult human. Therefore, the
microcontroller ordered the infrared transmitter to turn on the
system and vice versa. Fig. 3 shows the flow chart of the
complete automatic system.

The system was turned on to initialize the input and connect
to the Blynk server. The reading voltage, current, and
temperature were displayed on the LCD. It used manual and
automatic methods. The manual method used the Android-
installed Blynk application. The ESP32 sent the data via the
infrared LED to the load. While the automatic method used a
PIR sensor. If an adult human movement was detected, the
system automatically controlled the room temperature; as the
temperature followed the program, the air conditioning turned
off, although a human was still detected. The air conditioning
system was continuously turned on if the room temperature
was not achieved yet.

Fig. 4 shows the block diagram of the ESP32
microcontroller and Android system integration. The
controlling process sets the air conditioning to room
temperature, programmed in the Arduino IDE software. The
system commanded the automatic and manual methods via
Android. The ESP32 microcontroller was connected to a
modem via Wi-Fi, an internet network, and Android.
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Fig. 4 ESP32 integration to Android
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The 20x4 LCD integration to the Android allowed
recording of temperature, voltage, power, and current data,
which were sent to the Blynk application. The recorded data
could also be sent via email using Microsoft Excel format.

The conditioned room size is 4 m (13.12 ft), 3 m (9.84 ft),
and 3.3 m (10.82 ft), respectively, for length, width, and
height. It is on the top floor (4™ floor) and the south of the
longest wall. Therefore, the minimum necessary air
conditioning capacity was 8381.22 Btu. The closest air
conditioning capacity was 9000 Btu or 1 PK based on the
conversion. Meanwhile, in this study, the portable AC
capacity was 1.5 PK. This value exceeded what should be
used following the calculation. By using that capacity, it
should be able to condition the room.

The data analysis used box plots, where narrow boxes
correspond to more constrained conditions. A box plot middle
line corresponds to a data set median value. In comparison,
the lower and upper lines correspond to the first and third
quartile values, respectively [33].

The analysis also used PCA (principal component analysis),
which transformed all information of the sample set into little
comprehensive information [34]. If a sample set matrix X,

the zero mean is shown in equations (1), (2), and (3). v
AVG = [avg, + avg, + ... + avg,] (1)
Where
avg; = %Z}lei}- ;j=12,...,p )
And
Zpxp = Xnxp — repmat(AVG,n, 1) 3)



The covariance matrix R with element r is as equation (4)

T = Cov(zi,z]-); iL,j=12,..,p 4

The eigenvalues are obtained by using equation (5) [34]
|AE, — R|=0 (5)
Where avgj, AVG, repmat(AVG,n,1), A, A2, . . ., Ap, Ep are

j-column average values, Ixp dimension matrix AVG,
eigenvalues and identity matrix respectively. Usually, a
principal component analysis uses two dimensions so that the
plot uses the first two components to represent the data. The
more the PCA plot represents the actual data, the greater the
first eigenvalue is greater than the other eigenvalue. Negative
and positive correlated parameters are indicated by opposite
and grouped positions, respectively. The consumed energy
was computed by using Simpson's composite rule, trapezoidal
composite rule, and ordinary methods. The first two methods
are revealed in equations (6) and (7), respectively[35].

?(fxo +4foodd+2 P fxeven +fxn)

Ws = 3600 (6)
b-a
_(fxo"'Zfo 1t )
_ 2 n n
Wr = 3600 %

Where a, b, f;, fi,and 3600 are lower limit, upper limit,
initial power data, last power data, and hour-to-second
conversion, respectively. While the ordinary method is shown
indicated in equation (8), where P and At are power and
interval time, respectively.

W, =Y PxAt (®)

For comparisons, the testing was conducted using
conventional, manual, and automatic methods. The first test
was run smoothly without being managed by an adult human.
The AC was set at 20°C and ran from 08:00 until 17:00 time
range every day, on a weekday. In other weeks, it was
assumed that the patterns of consumed powers were the same
on the same day. The second test was run manually according
to the human felt. The air conditioning was turned on and
turned off if it was too cold, which was also carried out on
weekdays, from 08:00 until 17:00 for four weeks, with data
retrieval at the interval of 30 minutes. The third test was run
according to the yielded automatic system, which was carried
out on weekdays, too, from 08:00 until 17:00 for four weeks,
with data retrieval at the interval of 30 minutes. According to
the standard, the temperature sensor was set to maintain a
comfortable condition.

III. RESULT AND DISCUSSION

Fig. 5(a) shows the portable air conditioner and automatic
control circuit as the main equipment of the research. While
Fig. 5(b) shows the hardware of the control circuit. It
consisted of the temperature sensor, V-I-P sensor, relay,
ESP32 microcontroller, power supply, and LCD.
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Fig. 5 (a) Actual conducted research implementation, (b) control circuit
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Fig. 6 shows the Blynk software display, which has added
a logger recording feature for the data retrieval process. The
data could be sent through an internet network to email and in
Microsoft Excel format. The automatic system has
successfully operated.

[ Logger

Fig. 6 Blynk logging display
A. Conventional Testing

The conventional testing was carried out by operating the
AC according to the specified setting at the manufacturer's
default and monitored using the Blynk application. Fig. 7
reveals the typical daily consumed power. The power tended
to increase due to increasing temperature in the morning.
While, in the time range of 12:00-13:00, the power was zero
due to occupants leaving, and the air conditioner was turned
off. After this time range, the consumed power rose again due
to higher room temperature. Furthermore, Table 1 lists the
weekly typical consumed power. The typical powers were
similar, except for Friday; the power quartile range was higher
due to probably longer left.

Table 2 lists the weekday consumed energy based on the
Ordi(ordinary), Simp(Simpson's composite rule), and Trap
(trapezoidal composite rule) methods. Usually, the ordinary
method has the highest computed energy, followed by the
trapezoidal and Simpson's composite rule methods. The



ordinary method is the coarsest, whereas Simpson's
composite rule method is the finest. The daily consumed
energy was typical. It only experienced a slightly decreasing
trend in energy consumption on the days of the week. Monday
and Tuesday were probably caused by heat deposition on
weekend days, so it takes much energy to condition the room.

Meanwhile, for Wednesday and Thursday, the temperature
conditions depended on the previous temperature conditions;
Tuesday, where the room temperature has been previously
conditioned, so the energy required to condition the room is
relatively lower. Finally, energy was required to condition the
room on Friday, where energy consumption was the lowest.
This case was probably caused by, besides being determined
the day before, the occupant also praying Friday prayers, so
the duration of occupying the room was shorter than the
remaining days.

B. Manual Testing

The second manual operation test followed an adult human
sense in the room. Normally, the air conditioner was turned
on. However, if it was too cool, the AC was turned off. The
modes depended on the occupants. This testing was carried
out from 08:00 until 17:00 on weekdays for four weeks.

The typical daily consumed power of the manual operation
is also revealed in Fig. 7. The consumed power increased
slightly due to adjusting to occupants' comfort in the morning.
The range of typical consumed power was between 1013 W
and 1051 W, as listed in Table 1. However, the air
conditioning was turned off between 12:00 and 13:00, so the
power consumption was zero. The air conditioning was turned
on again in the afternoon and adjusted to the occupant's
comfort. Therefore, the consumed power decreased slightly
as a time to the evening.

Fig. 9 shows the typical room temperature of the manual
operation. In the morning, the temperature decreased because
the air conditioning was slightly more comfortable. At noon,
12:00 until 13:00, the room temperature even reached 30°C
because the occupant left it, and the air conditioning was
turned off. After 13:00, the temperature decreased because the
air conditioning turned on.

Fig. 8 reveals the typical daily humidity. The humidity
tended to decrease considerably in the morning. This case
occurred due to air blowing from AC, besides the probable
increasing outside temperature. From 12:00 until 13:00, the
air conditioning was turned off so that the humidity slightly
increased. After this time, the air conditioning turned on again
so the humidity decreased.

Figs. 8 also shows the manual operation's weekly room
temperature and humidity. The typical values did not change
considerably. The typical temperature and relative humidity
ranges were 26 (C - 27 (C) and 61 % - 65 %, respectively.
Therefore, the days did not influence those quantities
considerably. While Table 2 lists the average weekly manual
consumed energy. Generally, it did not change considerably
every day, and it ranged from 7.8 kWh up to 8.5 kWh.

C. Automatic Testing

The last test used the automatic system of the ESP32 basis.
This test aimed to save the air conditioning consumed energy.
It ran when the motion sensor read a human movement in the
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room. This system operated when an internet connection was
connected to the ESP32 in wireless.

Fig. 7 shows the daily typical consumed power of the
automatic operation. In the morning, visually, the typical
consumed power tended to decrease. The average typical
power was 986 W, and the average decreasing power was -
296 W/h. While, at noon, the consumed power was zero
because the PIR of the system detected an adult human
leaving the room. At around 13:00, the occupant entered, and
the automatic system started to turn on. In the afternoon, the
consumed power decreased considerably from that in the
morning. This case was probably caused by the fact that the
rate of outside temperature was lower, to decrease, than that
in the morning, which increased. The average typical
consumed power was 807.6 W, and the decreasing rate of the
power was -672 W/h. In the afternoon, the average consumed
power was lower, and the power decreasing rate of -672 W/h
was higher than that in the morning.
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Fig. 8 Daily typical temperature and humidity

Fig. 8 reveals the typical daily temperature pattern in the
automatic operational method on the last chart. In the morning,
the temperature tended to decrease, and the system turned off
at around noon because the occupant left, detected by the PIR
sensor, until around 13:00. In this range, the temperature
suddenly highly increased to the value of 30°C. At around
13:00, the occupant entered the room so that the air
conditioning system started to turn on automatically.
Therefore, the room temperature decreased again to be more
comfortable, around 25°C, until 17:00. Fig. 8 also shows the
typical daily humidity due to automatic operation. Due to the



blowing air conditioner, the humidity decreased considerably
in the morning and afternoon. At noon, the humidity was
relatively high due to no air blowing.

Table 1 also lists typical weekly temperature, humidity,
and consumed power for the automatic operation. The typical
temperature was fairly constant, at 26°C. While the typical
relative humidity experienced slight variations, between 61%
and 64.5%, and the typical consumed power experienced
considerable variations, 735 W up to 835 W. This case is
reasonable because the detected quantity of the automatic was
temperature.

TABLEI
WEEKLY TYPICAL POWER, TEMPERATURE, AND RELATIVE HUMIDITY
Op. Day Power (W) Temp. (°C) RH (%)
Con Mon 1,001 - -
Con Tue 1,014 - -
Con Wed 934 - -
Con Thu 1,012 - -
Con  Fri 925 - -
Man Mon 1,020 26 61
Man Tue 1,049 26 65
Man Wed 1,051 27 64
Man Thu 1,020 26 61
Man Fri 1,013 26.5 61
Aut  Mon 735 26 64.5
Aut  Tue 835 26 63
Aut  Wed 773 26 64
Aut  Thu 788 26 61
Aut  Fri 769 26 61
TABLE II
WEEKLY AVERAGE CONSUMED ENERGY
Op. Day Method of computation
Ordi. Simp. Trap.
Con Mon 8.02 7.91 8.01
Con Tue 8.08 7.94 8.07
Con Wed 7.39 6.66 7.39
Con Thu 7.73 6.98 7.72
Con  Fri 7.25 6.76 7.23
Man Mon 8.50 8.45 8.42
Man Tue 8.19 8.24 8.18
Man Wed 8.27 7.83 8.26
Man Thu 8.14 7.79 8.13
Man Fri 7.98 7.96 7.97
Aut  Mon 6.30 6.22 6.29
Aut  Tue 6.96 6.90 6.95
Aut  Wed 6.57 6.04 6.55
Aut  Thu 6.48 6.03 6.46
Aut  Fri 6.29 6.23 6.28

The average energy consumed by the automatic system per
day is listed in Table 2. The charts show the computation
energy using the ordinary, Simpson's composite rule, and
trapezoidal composite rule methods. Generally, it was proven
that the consumed energy of the automatic method was lower
than those of conventional and manual operational methods.
Therefore, there was energy saving using the automatic
operational method. It was also proven that the output power
was following the presence of occupants because this system
detected movement.

Fig. 9(a) shows the temperature and relative humidity
scatter plots and exponential regressions as a function of the
consumed power. The temperature was pretty constant, as
indicated by the power of the exponent was very small, only
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-3x10°. While, the humidity slightly increased as the
consumed power rose, with the exponential constant of 5x10°
5. This case is also confirmed by the increasing humidity as
the temperature increases, as shown in Fig. 9(b). It is also
supported by principal component analysis (PCA), as shown
in Fig. 10, where the temperature and humidity are on one side
vertically. Thus, the humidity slightly increased as the
temperature rose. While the humidity and power are on one
side horizontally. Therefore, the humidity slightly increased
as the power rose.

This case is the opposite of what happens in general
conditions without air conditioning, where when the
temperature increases, the humidity will decrease. In the air-
conditioned room, this is since the temperature will increase
the blower's work so that the air that contains water vapor will
be blown too.

Moreover, the temperature opposites slightly with the
consumed power, and the consumption increased in the
conditioned room so that the temperature decreased. This case
is also in line with the temperature versus power chart, in
which the temperature slightly decreased as the consumed
power increased, as shown in Fig. 9(a).

Based on the principal component analysis, the first,
second, and third eigenvalues are 1.67212, 0.80128, and
0.52660, respectively. Thus, the sum is three, and the
absorbed information of the data set was 82.45% which
indicated that data were highly enough representatives.
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Fig. 9 (a) Temperature and humidity versus consumed power, (b) humidity
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As long as the testing, the room was still influenced by the
outdoor temperature. This case was probably caused by the
room facing south, leaning west, and on the top floor, which
is always the hottest among remaining floor rooms, due to the
sun radiation during the afternoon and is exposed to direct



heat from the roof. Therefore, the air conditioning capacity is
not always determined by the AC capacity.
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Table 3 lists the average energy per day comparison among
tests and computations. The consumed energy of the manual
operation and ordinary computation methods occupied the
highest, and while the automatic operation occupied the
lowest consumed energy.

TABLE I
COMPARISON AMONG TESTS AND COMPUTATIONS OF ENERGY
Trap. Simp. Ordi.
Methods —  wy,) (kWh) (kWh)
Conventional 7.68 7.25 7.69
Manual 8.20 8.04 8.22
Automatic 6.54 6.26 6.54
Moreover, the comparisons between automatic and

conventional operations and automatic and manual operations
yielded energy savings. The automatic operation saved energy
compared to the conventional one as 1.154 kWh (15.00%),
0.99 kWh (13.66%), and 1.142 kWh (14.87%), respectively,
for the ordinary, Simpson's composite rule and trapezoidal
composite rule methods. While the automatic-to-manual
operation saved 1.68 kWh (20.44%), 1.78 kWh (22.14%), and
1.66 kWh (20.24%), respectively, for the ordinary, Simpson's
composite rule, and trapezoidal composite rule methods.
These values of the energy-saving were lower than that of the
dynamic setting temperature, 59%.1% [4], ventilation and
variation law, 30% [5], M-cycle evaporative cooling, 38% [8],
exhausted air recovering energy, 50% [10], preference map,
57.38% [25], 33%-44% energy saving of the PMV-based
temperature control system [27], and remote computer room,
40% [28]. However, these values of percentage energy saving
are more significant than that of the adaptive model, 8.6% [6],
with stratum ventilation, 6.4% [12], and 4%-12.4% power
saving using the condenser evaporative cooling of split-type
AC [14]. Nevertheless, these values were in ranges or around
utilizing air extended driving range re-circulation, 11%-30%
[7], lightweight thermoelectric, 15% [9], 12.3%, 38.5%, and
221.9% energy efficiency improvement [13], IoT for
computer rooms, 16.64% [28], IoT prototype in the HVAC
system, 20% [29], and 16.4% energy saving utilized chilled
water loop and air handling process [32].
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The manual air conditioning system consumes more energy
because of several factors. The manual system operated as a
human would. If it felt hot, the air conditioning worked
heavier, so the electricity consumption was more significant
than the automatic system. The set of the evaporator fan was
high. Because when the fan rotated at the high (maximum), it
was still complex for the air conditioning to reach the
expected temperature. The fan continued to distribute the cool
air from the system to the room so that the temperature on the
evaporator rose again. On the other hand, the fan of the
automatic system rotated automatically according to the
stable temperature. Thus, the fan operated at a low (minimum),
and when the fan operated in a high state at a high temperature.

In comparing the conventional and automatic systems, the
difference in energy was not so significant because the
conventional system worked at the setting of 21°C AC
temperature. This case was not according to the manual
system because it used the human-felt comfort level. However,
this manual method was often forgotten to use air
conditioning efficiently, which resulted in higher consumed
energy than the automatic method. Therefore, the automatic
operation method has saved the consumed electrical energy
compared to conventional and manual operations. Besides
room temperature-based detection, this system detected an
adult human movement in the room.

IV. CONCLUSION

The processing system of Arduino ESP32 commanded the
automatic system, which was integrated through the Blynk
application on an Android, to yield the quantity reading on the
LCD properly. The data transfers from the Arduino ESP32 to
the Blynk application were electric current, voltage, power,
and temperature. As the first contribution of the research, the
recording data based on the internet of things could be done
anywhere using a computer or smartphone as long as there is
an internet network. In comparison, the second contribution is
that the system detected an adult human movement, besides
that temperature sensing, for AC turning on.

The comparisons of average daily consumed energy-saving
between automatic and conventional systems using the
trapezoidal composite rule, Simpson's composite rule, and
ordinary methods were 1.142 kWh (14.87%), 0.99 kWh
(13.66%), and 1.154 kWh (15.00%) respectively. While the
comparisons of average daily consumed energy-saving
between automatic and manual systems using the same
computation methods were 1.66 kWh (20.24%), 1.78 kWh
(22.14%), and 1.68 kWh (20.44%), respectively. Furthermore,
these energy savings were higher than the adaptive model
conserved energy, 8.6% [6], stratum ventilation, 6.4% [12],
split-type AC evaporative cooling of condenser,4%-12.4%
[14], and BEV balance on energy-saving and thermal comfort,
10% [15]. Nevertheless, these energy savings were in ranges
to extended utilizing air re-circulation, 11%-30% [7], 15% on
lightweight  thermoelectric, [9], energy efficiency
improvements in three cities, 12.3%, 38.5%, and 221.9% [13],
AC included home appliances using a hybrid PV, diesel
generator and batteries, 20% [16] and using PCRC, 18% [20].
Thus, it is no doubt that the automatic operation system saved
consumed energy which was the third contribution.



NOMENCLATURE
AC Air conditioner
API Application Programming Interface
Aut Automatic
BEV Battery-powered electric vehicle
Btu British thermal unit
CoAP Constrained application protocol
Con Conventional
GMM Gaussian mixture model
Fri Friday
HP Horsepower (745.7 watts)
HVAC Heating, ventilation, and air conditioning
IDE Integrated development environment
IoT Internet of things
kWh kilowatt-hour
LCD Liquid-crystal display
LED Light-emitting diode
Man Manual
Mon Monday
Ordi Ordinary method (= Ordi.)
PCA Principal component analysis
PCRC Personalized cooling radiant cubicle
PIR Passive infrared sensor
PK Paard Kracht (735.5 watts, 0.986 HP)
PMV Predicted mean vote
PV Photovoltaic
RH Relative humidity
Simp Simpson’s composite rule (= Simp.)
Temp Temperature (= Temp.)
Thu Thursday
Trap Trapezoidal composite rule (Trap.)
Tue Tuesday
V-I-P Voltage-current-power

ACKNOWLEDGMENT

This work was financially supported by The Ministry of

Research, Technology and Higher Education (RistekDikti),
The Republic of Indonesia, Grant No. 387/B.05/LPPM-
Itenas/TV/2020.

(1]

REFERENCES

R. Kosonen and B. Zhou, “Room air conditioning”, in Industrial
Ventilation Design Guidebook, Vol. 1 Fun. London, UK: Academic
Press, 2020.

T. Randazzo, E. De Cian, and M. N. Mistry, “Air conditioning and
electricity expenditure: The role of climate in temperate countries,”
Econ. Model., vol. 90, pp. 273-287, Aug. 2020, doi:
10.1016/j.econmod.2020.05.001.

Y. Fu, Z. O’Neill, J. Wen, A. Pertzborn, and S. T. Bushby, “Utilizing
commercial heating, ventilating, and air conditioning systems to
provide grid services: A review,” Appl. Energy, vol. 307, no. 11813,
Feb. 2022, doi: 10.1016/j.apenergy.2021.118133.

X. Xu, W. Liu, and Z. Lian, “Dynamic indoor comfort temperature
settings based on the variation in clothing insulation and its energy-
saving potential for an air-conditioning system,” Energy Build., vol.
220, p. 110086, Aug. 2020, doi: 10.1016/j.enbuild.2020.110086.

H. Yin et al., “Ventilation and air conditioning system of deep-buried
subway station in sub-tropical climates: Energy-saving strategies,”
Appl. Therm. Eng., vol. 178, Sep. 2020, p. 115555, 2020, doi:
10.1016/j.applthermaleng.2020.115555.

Z. Wu, N. Li, P. Wargocki, J. Peng, J. Li, and H. Cui, “Field study on
thermal comfort and energy saving potential in 11 split air-conditioned
office buildings in Changsha, China,” energy, vol. 182, pp. 471-482,
Sep. 2019, doi: 10.1016/j.energy.2019.05.204.

15

[10]

[11]

[12]

[17]

(18]

[19]

[20]

[26]

L. Pan, C. Liu, Z. Zhang, T. Wang, J. Shi, and J. Chen, “Energy-saving
effect of utilizing recirculated air in electric vehicle air conditioning
system,” Int. J. Refrig., vol. 102, pp. 122-129, Jun. 2019, doi:
10.1016/j.ijrefrig.2019.03.018.

E. Zanchini and C. Naldi, “Energy saving obtainable by applying a
commercially available M-cycle evaporative cooling system to the air
conditioning of an office building in North Italy,” energy, vol. 179, pp.
975-988, Jul. 2019, doi: 10.1016/j.energy.2019.05.065.

L. Lou et al., “Thermoelectric air conditioning undergarment for
personal thermal management and HVAC energy saving,” Energy
Build., vol. 226, p- 110374, Nov. 2020, doi:
10.1016/j.enbuild.2020.110374.

H. Yang, J. Wang, N. Wang, and F. Yang, “Experimental study on a
pulsating heat pipe heat exchanger for energy saving in air-
conditioning system in summer,” Energy Build., vol. 197, pp. 1-6,
Aug. 2019, doi: 10.1016/j.enbuild.2019.05.032.

Y. Guo and H. Chen, “Fault diagnosis of VRF air-conditioning system
based on improved Gaussian mixture model with PCA approach,” Int.
J. Refrig., vol. 118, pp. 1-11, Oct. 2020, doi:
10.1016/j.ijrefrig.2020.06.009.

Y. Cheng, S. Zhang, C. Huan, M. O. Oladokun, and Z. Lin,
“Optimization on fresh outdoor air ratio of air conditioning system
with stratum ventilation for both targeted indoor air quality and
maximal energy saving,” Build. Environ., vol. 147, pp. 11-22, Jan.
2019, doi: 10.1016/j.buildenv.2018.10.009.

Z. Yang et al., “Experimental performance analysis of hybrid air
conditioner in cooling season,” Build. Environ., vol. 204, pp. 1-19, Oct.
2021, doi: 10.1016/j.buildenv.2021.108160.

I. Atmaca, A. Senol, and A. Caglar, “Performance testing and
optimization of a split-type air conditioner with evaporatively-cooled
condenser,” Eng. Sci. Technol. an Int. J., vol. 32, Aug., 2022, doi:
10.1016/j.jestch.2021.09.010.

A. Lahlou, F. Ossart, E. Boudard, F. Roy, and M. Bakhouya, “Optimal
management of thermal comfort and driving range in electric vehicles,”
Energies, vol. 13, no. 17,2020, doi: 10.3390/en13174471.

R. Elazab, O. Saif, A. M. A. A. Metwally, and M. Daowd, “Mixed
integer smart off-grid home energy management system,” Energy
Reports, vol. 7, pp. 9094-9107, Nov. 2021, doi:
10.1016/j.egyr.2021.11.227.

X. Li, S. Chen, H. Li, Y. Lou, and J. Li, “Multi-dimensional analysis
of air-conditioning energy use for energy-saving management in
university teaching buildings,” Build. Environ., vol. 185, no. 107246,
Nov. 2020, doi: 10.1016/j.buildenv.2020.107246.

R. Opoku, I. A. Edwin, and K. A. Agyarko, “Energy efficiency and
cost saving opportunities in public and commercial buildings in
developing countries — The case of air-conditioners in Ghana,” J.
Clean. Prod., vol. 230, pp. 937-944, Sep. 2019, doi:
10.1016/j.jclepro.2019.05.067.

D. Zhang, X. Huang, N. Cai, L. Wang, and Z. Zhang, “Study on energy
consumption model of multi-unit air conditioning system with digital
scroll compressor,” J. Therm. Sci. Technol., vol. 15, no. 1, pp. 1-18,
2020, doi: 10.1299/jtst.2020jtst0009.

N. Ismail and D. Ouahrani, “Modelling of cooling radiant cubicle for
an office room to test cooling performance, thermal comfort and
energy savings in hot climates,” energy, vol. 244, Apr. 2022, doi:
10.1016/j.energy.2022.123185.

B. Mathieu, C. Westphal, and P. Truong, “Towards the Usage of CCN
for IoT Network” in Internet of Things (IoT) in 5G Mobile
Technologies. Switzerland: Springer International Publishing, 2016.
N. Futawatari, Y. Udagawa, T. Mori, and H. Hayama, “Improving
prediction accuracy concerning the thermal environment of a data
center by using design of experiments,” Energies, vol. 13, no. 18,2020,
doi: 10.3390/en13184595.

C. Lork et al., “An uncertainty-aware deep reinforcement learning
framework for residential air conditioning energy management,” Appl.
Energy, vol. 276, p- 115426, Oct. 2020, doi:
10.1016/j.apenergy.2020.115426.

B. K. Tripathy and J. Anuradha, Internet of Things (IoT), Technologies,
Applications, Challenges, and Solutions. Boca Raton, FL: CRC Press,
2018.

R. Kannan, M. S. Roy, and S. H. Pathuri, “Artificial Intelligence Based
Air Conditioner Energy Saving Using a Novel Preference Map,” IEEE
Access, vol. 8, pp. 206622-206637, Nov. 2020, doi:
10.1109/ACCESS.2020.3037970.

X. Wang, X. Mao, and H. Khodaei, “A multi-objective home energy
management system based on internet of things and optimization



[27]

(28]

[29]

[30]

algorithms,” J. Build. Eng., vol. 33, p. 101603, Jan. 2021, doi:
10.1016/j.jobe.2020.101603.

D. F. Espejel-blanco, J. A. Hoyo-montafio, J. Arau, G. Valencia-
palomo, A. Garc, and R. Hern, “HVAC Control System Using
Predicted Mean Vote Index for Energy Savings in Buildings,”
Buildings, vol. 12, no. 38, pp. 1-26, Jan. 2022, doi:
10.3390/buildings12010038.

L. Zhao, S. Qu, J. Zeng, and Q. Zhao, “Energy-saving and
management of telecom operators’ remote computer rooms using [oT
technology,” IEEE Access, vol. 8, pp. 166197-166211, Sep. 2020, doi:
10.1109/ACCESS.2020.3022641.

E. Png, S. Srinivasan, K. Bekiroglu, J. Chaoyang, R. Su, and K. Poolla,
“An internet of things upgrade for smart and scalable heating,
ventilation and air-conditioning control in commercial buildings,”
Appl.  Energy, vol. 239, pp. 408-424, Apr. 2019, doi:
10.1016/j.apenergy.2019.01.229.

S. Dhanalakshmi, M. Poongothai, and K. Sharma, “IoT Based Indoor
Air Quality and Smart Energy Management for HVAC System,”

16

[31]

[34]

[35]

Procedia Comput. Sci., vol.
10.1016/j.procs.2020.04.193.
A. Kumar, S. Sharma, N. Goyal, A. Singh, X. Cheng, and P. Singh,
“Secure and energy-efficient smart building architecture with
emerging technology IoT,” Comput. Commun., vol. 176, pp. 207-217,
Aug. 2021, doi: 10.1016/j.comcom.2021.06.003.

L. Jia,J. Liu, and S. Wei, “Optimal chiller loading in dual-temperature
chilled water plants for energy saving,” Energy Build., vol. 252, Dec.
2021, doi: 10.1016/j.enbuild.2021.111425.

B. Moeini et al., “Box plots: A simple graphical tool for visualizing
overfitting in peak fitting as demonstrated with X-ray photoelectron
spectroscopy data,” J. Electron Spectros. Relat. Phenomena, vol. 250,
Jul. 2021, doi: 10.1016/j.elspec.2021.147094.

L. Zhang et al., “Research on image transmission mechanism through
a multimode fiber based on principal component analysis,” Opt.
Lasers Eng., vol. 134, Nov. 2020, doi:
10.1016/j.optlaseng.2020.106197.

R. K. Gupta, Numerical Methods: Fundamentals and Applications.
Cambridge, UK: Cambridge Univ. Press, 2019.

171, pp. 1800-1809, 2020, doi:





