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Abstract— Building heating, ventilation, and air conditioning (HVAC) systems are among the most critical facilities with
the most significant energy consumption. This article is based on the issues faced by PT X regarding the importance of
visual analytics in energy audits and the performance evaluation of water-cooled chillers and cooling towers. The research
methodology used is descriptive qualitative with a quantitative approach, where primary data is obtained based on
observations of the machines owned by PT X. The approach taken involves the application of spreadsheets as a system for
processing operational data and Looker Studio for real-time data visualization, aimed at understanding performance and
energy consumption. The research results show that visualization with the Looker Studio platform provides a solution for
PT X to improve the efficiency and effectiveness of the company's performance. In addition, the analysis conducted over six
months on the coefficient of performance of a 2,000 TR water-cooled chiller showed a highest value of 21.5 and a lowest

value of 13.31, while the highest efficiency of the cooling tower reached 98% and the lowest was 74%.

Keywords— Coefficient of performance, water-cooled chiller, efficiency, cooling tower, looker studio.

l. INTRODUCTION

Heating, Ventilating, and Air Conditioning

(HVAC) now account for at least 40% of the building's
overall energy consumption and are a critical need for
maintaining comfort throughout building operations [1].
HVAC systems can benefit from applying cutting-edge
energy-saving technologies to increase energy efficiency
[2]. In addition, the application of technology can
improve work productivity; therefore, an energy audit
system is needed to verify, monitor, and analyze energy
usage data, as well as the creation of technical reports
aimed at evaluations to improve energy efficiency and
reduce downtime [3]. Consequently, the presence of a
monitoring system will assist operators in understanding
and optimizing room temperature to enhance energy
consumption efficiency.

The HVAC system distributes air by regulating
temperature, humidity, and cleanliness to provide
comfort for occupants and enhance work productivity
[4]. Components such as water-cooled chillers and
cooling towers are necessary to create a good air cycle
for multi-story buildings. A water-cooled chiller as an air
conditioning system operates similarly to a vapour
compression refrigeration machine, where the cooling
system, aided by water and refrigerant, absorbs heat and
humidity from the room and releases it into the
environment [5]. Meanwhile, the cooling tower has a
heat transfer system assisted by atmospheric air and
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cooling fluid, and the cross-sectional fin design on the
radiator tubes in the cooling tower aims to enhance
surface heat transfer uniformly [6], [7].

Research on chiller performance has been extensively
conducted, focusing on cooling load and energy
efficiency. Reducing the cooling temperature can
increase the coefficient of performance (COP) of a
chiller, according to earlier research on the subject.
Temperatures between 20 and 40 °C show that 20 °C
produces the optimum COP value of 0.169 [8]. Another
study also explains that a higher difference between
water supply and water return temperatures will improve
the COP of water-cooled chillers [9]. Additionally,
different research on the effectiveness of chillers
utilizing heat recovery and mass recovery reports that
COP and specific cooling power (SCP), which indicate
the chiller's cooling capacity per unit of mass flow rate,
climbed to 0.607 and 0.393 kW/kg, respectively [10].
Furthermore, research on the effects of fans on the
performance and energy consumption of an 800TR
water-cooled chiller using R514A refrigerant with six
fans found the highest COP value of 8.29 [11]. Another
study also examined the impact of decreasing humidity
and environmental temperature conditions, which can
reduce cooling load energy consumption by 35.12%,
thereby improving cooling tower performance [12].
Furthermore, explained that increasing air velocity could
enhance cooling capacity by 71.1% with a minor
temperature difference between cold water and room air
[13].

The research was carried out by conducting interviews
with many employees in the technician division of PT X,
and we identified several issues related to the
performance audit system of the water-cooled chiller.
The technician division plays a crucial role in the
operation and maintenance of the chiller system, and
their insights are invaluable for this research. The issue
with the performance audit system of the water-cooled
chiller is that workers require time to process and
analyze machine data, which is done manually. The data
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expected for analysis includes the coefficient of
performance of the water-cooled chiller and the
efficiency of the cooling tower to assess the machine's
performance continuously. In this research, PT X must
provide solutions to help its employees resolve issues.
The implementation of problem-solving for the company
through technology integration to manage and visualize
the work processes of the water-cooled chiller system.

System optimization by implementing technologies
such as the Internet of Things (IoT) can help improve
performance efficiency and visualize the results of the
company's data analysis [14]. Monitoring techniques
implemented to provide visibility and a comprehensive
understanding of work processes include a dashboard
that displays data needs based on key performance
indicators, and real-time conditions, allowing parties to
identify and resolve issues and perform log analyses that
will present processing data sourced from the system
[15], [16], [17].

Research on system optimization as an implementation
of new technology began with the transition to using the
cloud for data warehouse management. It has become
increasingly popular due to its advantages, including
more flexible scalability than on-premises solutions.
With cloud computing technology, storing large amounts
of data and achieving integration is possible [18]. Once
the machine data can ensure security and flexibility,
dashboard-based studies like Looker Studio provide
advantages by enhancing the quality and ease of
reporting and serving as a quick problem-detection tool
through data analysis [19], [20]. Another study explains
that visualization dashboards can integrate sensor data,
allowing real-time data display [21].

This research is motivated by the need for PT X to
improve the performance audit system of water-cooled
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chillers based on the cloud to manage machine
performance data and optimize data sources and data
security. The proposed solutions, which include the
application of spreadsheets as an audit system for
processing the company's operational data and Looker
Studio as a visualization tool for real-time conditions, are
more than just theoretical concepts. They are practical,
implementable strategies that can significantly improve
the efficiency and effectiveness of the company's
performance in improving the efficiency and
effectiveness of company performance in maintaining
machine performance and energy efficiency. In addition,
the results of this research are also expected to provide
practical solutions for other parties or companies facing
similar issues in audit systems and data visualization.

Il. METHOD

A. Research Object

This research uses a descriptive qualitative method
with a quantitative approach to collect and analyze data.
Data collection includes secondary data through
literature and primary data using direct observation of
the operational work parameters, including the input-
output temperatures of the condenser and evaporator of
the water-cooled chiller and the wet bulb temperature of
the cooling tower. This was conducted from July to
December 2023, with working hours from 08:00 to 17:00
at building X. Meanwhile, in data processing, it includes
statistical analysis using spreadsheets and the use of
cloud technology for real-time data collection, as well as
the presentation of results which involves data
visualization using Looker Studio to display important
information. The machine's specifications that are the
subject of this research are as follows in Table 1.
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TABLE 1.
SPECIFICATION ENGINE

Specification

Data

Chiller Type Machine
Total Capacity
Compressor Type
Refrigerant Type
AC Voltage
Phase
Frequency
Power Input

Water Cooled Chiller
2000 TR
Free Oil Centrifugal
R134a
380V
3
50Hz
90kw

B. Vapor Compression Cycle
The vapor compression refrigeration

illustrated, is described as follows [22]:

1. Stages 1 — 2 are an adiabatic and reversible
compression process. The refrigerant in the saturated
vapor phase exits the evaporator at low pressure and
temperature and then enters the compressor to
increase its pressure and temperature.

2. Stages 2 — 3 are condensation processes involving
isothermal reversible heat release to the environment.
In this process, the refrigerant in the vapor phase,
which is at high pressure and temperature, is released
to the environment to change its phase to liquid.

cycle, as

P

Condenser

cop - i=hy (1)
hz_hl

Where COP is the coefficient of performance water
cooled chiller, hy is enthalpy in the saturated vapor phase
(kJ/kg) that occurs in the evaporator output, hy is
enthalpy in the hot vapor phase (kJ/kg) that occurs in the
evaporator input, hs is enthalpy in the saturated liquid
phase (kJ/kg) that occurs in the condenser output.

TuiTw, 100% (2)
T wi _T wh

Where 1 is the efficiency of the cooling tower, Twi iS
the water input temperature of the cooling tower (°C),

]7:
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Figure. 2. Vapor Compression Cycle

3. Stages 3 — 4 are an adiabatic and irreversible
expansion process. In this process, the refrigerant in
the saturated liquid phase at high pressure and
temperature is introduced into the expansion device
to lower its pressure, resulting in a mixture of gas and
liquid phases.

4. Stage 4 — 1 is an isothermal reversible evaporation
process in which the refrigerant in the mixed phase
absorbs heat from the cooled medium, leading to a
phase change into superheated vapor.

C. Data Collection

Research on optimizing of water-cooled chiller audits
was conducted using Looker Studio, aiming to enhance
the efficiency and effectiveness of the company's
performance analysis of machinery. This study is the
result of calculations and analyses of the coefficient of
performance of the water-cooled chiller and the
efficiency of the cooling tower, utilizing a cloud database
in the form of Google Drive with data processing
through spreadsheets based on the Carnot cooling cycle
theory with the formula:

Two is the water output temperature of the cooling tower
(°C), and Twy is the temperature of the wet bulb(°C).

The research continues by visualizing data processing
results using Looker Studio to display data for
temperature and enthalpy values, as well as machine
efficiency graphs. In addition, Looker Studio provides
interactive visualization services, flexible cloud-based
monitoring access, and can display real-time data. With
general and easily understandable visualization, it
supports operators in the decision-making process as the
processed data goes through the following stages:

1. Data preparation: Entering and classifying data.

2. Data modeling: Determining the correlations between
data tables and calculating measurement results.

3. Data visualization creation: Displaying results in
graphs while considering comparisons.

4. Report validation: Testing the conformity of the
visualization data against machine standards.
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I1l. RESULTS AND DISCUSSION

A. Operational System

To obtain the inlet and outlet temperature data from the
evaporator, condenser, and wet bulb, these were gathered
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Figure. 3. Looker Studio Visualization
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and cooling tower with daily average data for each
month. Once the temperature data was collected, it was

through direct observation of the water-cooled chiller

TABLE 2.

ENGINE OPERATIONAL DATA
Month Time Tei Teo Tci Tco Twb
08.00 12.8 7.7 26.0 31.8 25.8
10.00 12.7 7.7 26.5 31.3 26.2
July 13.00 12.6 7.7 26.7 32.0 26.2
14.30 125 7.7 27.2 32.2 26.7
16.00 12.4 7.7 27.1 32.0 26.6
17.00 155 10 25.8 31.6 25.1
08.00 12.2 7.9 26.7 31.1 26.6
10.00 12.2 7.8 26.8 31.2 26.6
August 13.00 12.1 8.0 27.6 32.2 27.2
14.30 12.1 7.7 27.8 32.3 27.2
16.00 14.1 8.8 26.4 31.9 25.8
17.00 17.1 11.8 25.9 31.3 25.6
08.00 12.4 7.8 26.1 31.0 25.1
10.00 12.4 6.0 25.8 30.6 25.1
13.00 12.2 7.9 24.8 29.2 24.6
September 3,39 123 77 24.7 20.4 243
16.00 12.2 7.7 24.8 29.4 24.5
17.00 14.6 9.3 25.5 31.0 24.5
08.00 13.2 8.8 28.2 33.2 275
10.00 13.1 9.8 28.4 31.8 27.9
October 13.00 12.1 8.7 28.5 30.6 28.1
14.30 12.0 8.6 28.5 30.7 28.0
16.00 13.7 8.0 275 32.7 27.0
17.00 13.7 8.6 26.8 32.1 26.0
08.00 13.0 8.4 28.3 33.3 27.3
10.00 13.1 8.5 28.7 33.7 28.1
November 13.00 13.1 8.5 30.0 34.7 29.4
14.30 13.1 8.5 29.1 34.0 28.4
16.00 12.9 8.3 28.6 33.6 28.2
17.00 12.7 8.2 28.4 33.4 27.9
08.00 12.7 8.3 28.4 324 275
10.00 12.2 8.4 28.3 32.0 27.2
December 13.00 12.0 8.4 28.5 32.0 27.3
14.30 12.0 8.4 28.7 32.2 27.8
16.00 12.0 8.4 28.5 32.1 27.9
17.00 12.0 8.4 28.5 32.0 275

processed through a spreadsheet based on specific time
intervals, as in Table 2.
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The table shows that the temperature is not constant
during working hours, but some increases are caused by
the duration of work and the workload experienced by
the water-cooled chiller. The observation results in July
showed that the Table 2 evaporator had the highest input
temperature of 15.5°C at 17:00 and lowest of 12.4°C at
16:00, while the highest output temperature was 10°C at
17:00 and lowest of 7.7°C per hour. Then, the condenser
had the highest input temperature of 27.2°C at 14:30 and
lowest of 25.8°C at 17:00, while the highest output
temperature of 32.2°C at 14:30 and lowest of 31.3°C at
10:00. In the cooling tower, the highest wet bulb
temperature of 26.7°C occurred at 14:30 and lowest of
25.1°C occurred at 17:00.

Observations in August showed that the evaporator had
the highest input temperature of 17.1°C at 17:00 and
lowest of 12.1°C at 14:30 with a value, while the highest
output temperature was of 11.8°C at 17:00 and lowest of
7.7°C at 14:30. Then, in the condenser, the highest input
temperature of 27.8°C occurred at 14:30 and lowest of
25.9°C at 17:00. At the same time, the highest output
temperature of 32.3°C occurred at 14:30 and lowest of
31.1°C at 10:00. In the cooling tower, the highest wet
bulb temperature of 27.2°C occurred at 14:30, and lowest
of 25.6°C occurred at 17:00.

Observations in September showed that the evaporator
had the highest input temperature of 14.6°C at 17:00 and
lowest of 12.2°C at 13:00, while the highest output
temperature of 9.3°C at 17:00 and lowest of 6°C at
10:00. Then, in the condenser, the highest input
temperature of 31°C occurred at 08:00 and lowest of
24.7°C at 14:30. At the same time, the highest output
temperature of 31°C occurred at 08:00 and lowest of
29.2°C at 13:00. In the cooling tower, the highest wet
bulb temperature of 25.1°C occurred at 08:00 and lowest
of 24.3°C occurred at 14:30.

Observations in October showed that the evaporator
had the highest input temperature of 13.7°C at 17:00 and
lowest of 12°C at 14:30, while the highest output
temperature of 9.8°C at 10:00 and lowest of 8°C at
16:00. Then, in the condenser, the highest input
temperature of 28.5°C occurred at 14:30 and lowest of
26.8°C at 17:00. At the same time, the highest output
temperature of 33.2°C occurred at 08:00 and lowest of
30.6°C at 13:00. In the cooling tower, the highest wet
bulb temperature of 28.1°C occurred at 13:00, and lowest

800

of 26°C occurred at 17:00.

Observations in November showed that the evaporator
had the highest average input temperature of 13.1°C and
lowest of 12.7°C at 17:00, while the highest average
output temperature was 8.5°C and lowest of 8.2°C at
17:00. Then, in the condenser, the highest input
temperature of 30°C occurred at 13:00 and lowest of
28.3°C at 08:00. At the same time, the highest output
temperature of 34.7°C occurred at 13:00 and lowest of
33.3°C at 08:00. In the cooling tower, the highest wet
bulb temperature of 29.4°C occurred at 13:00 and lowest
of 27.3°C occurred at 08:00.

Observations in December showed that the evaporator
had the highest input temperature of 12.7°C at 08:00 and
lowest average temperature of 12°C, while the highest
average output temperature of 8.4°C and lowest
temperature of 8.3°C at 08:00. Then, in the condenser,
the highest input temperature of 28.7°C occurred at
14:30 and lowest of 28.3°C at 10:00. At the same time,
the highest output temperature of 32.4°C occurred at
08:00 and the lowest average of 32°C. In the cooling
tower, the highest wet bulb temperature of 27.9°C
occurred at 16:00, and lowest of 27.2°C occurred at
10:00.

B. Working Analysis Water Cooled Chiller

The enthalpy value is taken based on the
thermodynamic properties of Freon R134a [23] by
entering the enthalpy value into a spreadsheet. After
establishing a database, the enthalpy value is determined
based on the condenser and evaporator's inlet and outlet
temperature values for six months. After knowing the
enthalpy value, the equation used to obtain the
coefficient of performance value of the water-cooled
chiller is:

hl_hs
COP=—-"=
hz_ h1
 402.8-2433
© 413.1-402.8
=15.48

By using the same calculation, do it for different times,
then you will get the results in figure 4 as follows:
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Figure. 4. Coefficient of Performance Water Cooled Chiller Graph

Figure 4 shows the considerable value of the coefficient
of performance analysis of the water-cooled chiller with
a capacity of 2000 TR which is not constant due to the
large difference in the input-output temperature of the
evaporator and condenser, which causes a difference in
the average daily enthalpy value for six months. The
calculation results based on the Carnot cooling cycle
theory, obtained from the coefficient of performance in
July section (a), show that the lowest COP occurs at
14:30 with a value of 14.6 and a significant increase in
COP at 17:00 of 19.9, which can occur due to a decrease
in cooling load or can be caused by the rise in
temperature and humidity of the environment. Then,
August section (b) shows that the lowest COP occurs at
14:30 with a value of 14.6 and a significant increase in
COP at 17:00 of 21.6, which can occur due to a decrease
in cooling load or can be caused by the temperature and

humidity of the environment. Furthermore, in September
section (c), it shows that the lowest COP occurs at 08:00
with a value of 15.5, and the highest occurs at 17:00
with a value of 18.7. Furthermore, in October section
(d), it shows that the lowest COP occurs at 08:00 with a
value of 14.7, and the highest occurs at 17:00 with a
value of 16.4. Furthermore, in November section (e), it
was shown that the lowest COP occurred at 13:00, with
a value of 13.3, and the highest average was at 14.7.
Also, in December section (f), the average COP was
14.8.

Evaluating the performance of water-cooled chillers
through the reference to ANSI/ASHRAE/IES Standard
90.1-2010 concerning energy standard for buildings
except low-rise residential buildings, where the
minimum efficiency standard for machine capacity>
600TR with a centrifugal type is 0.57 [24]. Therefore,
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the coefficient of performance of the water-cooled chiller
in building x can be stated as efficient. Hence, to
maintain the performance of the water-cooled chiller,
regular monitoring of its performance is needed, which
will help identify potential problems.

C. Working Analysis Cooling Tower

To obtain the Cooling Tower Efficiency value, the
input-output condenser temperature data and the wet
bulb temperature listed in Table 2 are used. The data is
then processed using a spreadsheet using the following

—
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n T~ T, 1009
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=96.6%

By using the same calculation, do it for different times,
then the results will be obtained in Figure 5 as follows:
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Figure. 5. Cooling Tower Efficiency Graph

Figure 5 displays the varying values of the Cooling
Tower Efficiency analysis, which is not constant due to
differences in the input-output condenser temperatures
and wet bulb temperatures, resulting in the fluctuations

of the graph derived from daily averages over six
months. The calculations based on equation 2 show that
the Cooling Tower Efficiency in July section (a) peaked
at 08:00 with a value of 0.97 and dropped to its lowest at



International Journal of Marine Engineering Innovation and Research, Vol. 9(4), Dec. 2024. 796-803

(pISSN: 2541-5972, eISSN: 2548-1479)

17:00 with a value of 0.89. In August section (b), the
highest value also occurred at 08:00 with a value of 0.98,
while the lowest was at 14:30 with a value of 0.88. In
September section (c), the peak was at 13:00 with a
value of 0.96, and the weakest at 08:00 with a value of
0.83. In October section (d), the highest value was
recorded at 16:00 with a value of 0.91, and the lowest at
14:30 with a value of 0.81. In November section (e), the
highest value occurred again at 16:00 with a value of
0.93, while the lowest was at 08:00 with a value of 0.83.
Lastly, in December section (f), the peak was at 16:00
with a value of 0.86 and the weakest at 13:00 with a
value of 0.74.

In evaluating the efficiency of cooling towers, the
significant increases and decreases are caused by several
factors, such as a decrease in the cooling load handled by
the cooling tower, which will improve efficiency and
vice versa. Additionally, changes in temperature and
humidity in the environment are contributing factors.
Thus, a change in air velocity occurs in the cooling
tower.

IV. CONCLUSION

Based on the research findings regarding the optimization of water-
cooled chillers through real-time data analysis, the conclusion states
that the data visualization dashboard in Looker Studio can display
machine performance in real time, thus assisting operators in
conducting analysis anytime, anywhere, and by anyone, while also
ensuring data security due to the use of cloud as a database, which
enhances the company's performance. The analysis results of the
Coefficient of Performance of a 2,000 TR water-cooled chiller
conducted over six months show that the highest value was in August
at 17:00, reaching 21.5, while the lowest was in November at 13:00,
reaching 13.31. Meanwhile, the highest cooling tower efficiency was in
August at 8:00, reaching 98%, and lowest was in December at 13:00,
reaching 74%. Thus, the increase in the temperature difference between
input and output and the longer operating time of the water-cooled
chiller will affect the rise in the coefficient of performance.
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