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Abstract

Purpose: This study aims to design the cooling load for the new building of the PMI Hospital in
Bogor using the Cooling Load Temperature Difference (CLTD) method, focusing on optimizing
cooling efficiency in line with temperature and humidity standards.

Research Methodology: The study utilizes the CLTD method to calculate the cooling load for the
hospital’s new building. It includes assessing the total cooling load, the required air supply, and
selecting the VRV (Variable Refrigerant Volume) system for effective cooling. The building’s data
was used to calculate indoor and outdoor unit requirements.

Results: The cooling load calculation for floors 1 to 3 of the hospital resulted in a total load of
4,956,985.54 Btu/hr, with a required air supply of 100,690.73 CFM. The selected VRV system
specifications for both indoor and outdoor units were aligned with the calculated cooling.
Conclusions: The study provides an effective cooling load calculation for the hospital, ensuring
optimal air supply and appropriate VRV system selection. This approach guarantees the building
meets its cooling requirements for the given environmental conditions.

Limitations: The study is based on available data and does not account for future changes or
real-time environmental variations, which could influence the cooling load. Future research may
integrate dynamic data for more accurate predictions.

Contributions: This work contributes a practical method for calculating cooling systems in large
buildings, such as hospitals, utilizing the CLTD method and VRV system for optimal performance.
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1. Introduction

HVAC (heating, ventilation, and air conditioning) systems function to regulate the temperature and
humidity of the air in a room to ensure comfortable indoor environmental conditions. In modern buildings,
especially large-scale facilities such as hospitals, offices, and commercial centers, HVAC systems play a
crucial role not only in providing thermal comfort but also in maintaining indoor air quality and ensuring
the health and safety of occupants (Cao et al., 2020). This is particularly important in tropical countries
such as Indonesia, where high ambient temperatures and humidity levels significantly influence indoor
thermal conditions (Bahramnia et al., 2019).

In tropical climates, buildings are continuously exposed to high solar radiation, resulting in substantial
heat gain through walls, roofs, and windows (Che et al., 2019). In addition to external heat sources,
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internal heat gains from occupants, lighting systems, and electronic equipment further increase the
cooling demand within the building. These combined factors create a cooling load that must be properly
calculated to ensure that the HVAC system can maintain the desired indoor conditions effectively and
efficiently (Shajahan et al., 2019).

Hospitals, as critical healthcare facilities, have more stringent environmental requirements compared to
other types of buildings. The indoor environment in hospitals must be carefully controlled to support
patient recovery, ensure the comfort of medical staff and visitors, and minimize the risk of infection.
Proper temperature and humidity control are essential, as deviations from recommended conditions can
affect patient health, increase the spread of microorganisms, and reduce the effectiveness of medical
treatments. Therefore, HVAC systems in hospitals must be designed with high precision and reliability
(Che et al., 2019; Saran et al., 2020).

Moreover, HVAC systems in hospital buildings are required to operate continuously, which makes them
one of the largest contributors to energy consumption. Inefficient HVAC design can lead to excessive
energy usage, increased operational costs, and environmental impacts. Consequently, accurate cooling
load estimation is essential to achieve an optimal balance between thermal comfort, energy efficiency,
and system performance. An undersized system may fail to meet cooling demands, while an oversized
system may result in unnecessary energy consumption and poor humidity control (Cao et al., 2020).

One widely used method for estimating cooling load is the Cooling Load Temperature Difference (CLTD)
method. This method takes into account various factors influencing heat gain, such as solar radiation,
building orientation, construction materials, occupancy levels, lighting, and equipment usage. The CLTD
method is particularly suitable for preliminary HVAC design and is commonly applied in building cooling
load analysis due to its practicality and reliability (Enteria et al., 2020).

In addition to technical considerations, HVAC system design must also comply with applicable regulations
and standards. In Indonesia, hospital environmental conditions are regulated by the Decree of the Minister
of Health No. 1204/Menkes/SK/X/2004, which specifies that indoor temperature should be maintained
at approximately 23°C with a relative humidity of around 50%. Compliance with these standards is
essential to ensure a safe and comfortable environment for hospital occupants (Li et al., 2018).

The planned construction of a new building to function as a PMI hospital in the Bogor area necessitates
the development of adequate supporting utilities, including a well-designed HVAC system. Given the
climatic conditions of Bogor and the specific requirements of hospital facilities, it is essential to perform
a detailed cooling load analysis based on the building design parameters. This analysis will serve as
the foundation for selecting appropriate HVAC equipment and ensuring that the system can meet the
required thermal comfort and air quality standards (Pryazhnikov et al., 2017).

Furthermore, the integration of efficient HVAC design with sustainable building practices is becoming
increasingly important in modern construction. Energy-efficient HVAC systems not only reduce opera-
tional costs but also contribute to environmental sustainability by lowering greenhouse gas emissions.
Therefore, incorporating accurate cooling load calculations and appropriate system design strategies is a
key step toward achieving both functional and sustainable hospital infrastructure (Bahramnia et al., 2019;
Cao et al., 2020; Kumanek & Janas, 2019; Li et al., 2018).

Based on these considerations, this study focuses on the design of an HVAC system for the new PMI
Bogor Hospital building using the CLTD method. The objective is to determine the cooling load
requirements and to ensure that the designed system can provide optimal thermal comfort, maintain
indoor air quality, and comply with applicable health standards.
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2. Literature Review

2.1 Air Freshener

Air conditioning is the process of cooling air to achieve the desired temperature and humidity in a given
room. It also regulates airflow and cleanliness (Sekhar, 2016; Xu et al., 2018). Air-conditioning systems
are generally divided into two main categories:

1. Air freshener for comfort
Refreshing the air in the room to provide working comfort for people who carry out certain
activities.

2. Air freshener for industry
Refreshing the air in a room as required by the processes, materials, equipment or items in it (Asif
et al., 2018; Lim et al., 2018).

2.2 Vapor Compression Refrigeration System

In principle, a vapor compression refrigeration system, as the name suggests, is a system that uses a
compressor to compress the refrigerant. This system exploits the properties of the refrigerant (Rhee et al.,
2017; Zsembinszki et al., 2017). At low pressures and low saturation temperatures, the refrigerant phase
changes to vapor by absorbing heat from the cooled area. At high pressures and saturation temperatures,
the refrigerant phase changes to liquid by releasing heat to the surrounding environment (Hu et al., 2017).
Of course, to create the high-pressure side, a compression device (commonly called a compressor) is
required, and on the low-pressure side, an expansion valve is installed, which will result in a decrease in
refrigerant pressure (Algarni et al., 2018; Fekadu & Subudhi, 2018; Ni & Bai, 2017).

Based on the above, this vapor compression system consists of several working steps, namely

1. Compression Process
This process occurs in the compressor where the refrigerant vapor with low pressure and tempera-
ture that enters the compressor through the suction line is compressed in the compressor cylinder
so that the temperature and pressure of the refrigerant vapor exiting the compressor through the
discharge line increased (Hu et al., 2017; Yee & Hermes, 2019).

2. Condensation Process
Superheated steam from the discharge line (compressor outlet) enters the condenser, where it
undergoes a process called condensation. The heat from the condenser is released into the
environment, causing the refrigerant to gradually change from vapor to liquid. This condensation
process occurs at a constant pressure and temperature (McLinden et al., 2020).

3. Expansion Process
The refrigerant that has undergone condensation in the condenser will flow to the capillary tube,
where the pressure decreases followed by a decrease in temperature in an isoenthalpy manner, or
there is no change in enthalpy, and the refrigerant is partly in the liquid phase and partly in the gas
phase gas (Baakeem et al., 2018; Bentrcia et al., 2017).

4. Evaporation Process
The refrigerant whose pressure and temperature have been reduced undergoes a change in its
composition. In this process, vapor is added to the refrigerant, resulting in a liquid-vapor mixture.
By drawing even a small amount of heat from the cooled area, the refrigerant will completely
change to vapor until it reaches a saturated vapor state. This process is called evaporation. Similar
to condensation, this process occurs at a constant pressure and temperature (Nkwetta & Sandercock,
2016; Satrio et al., 2019; Zhang et al., 2017).
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2.2.1 Mollier Diagram

This diagram is used to analyze the thermodynamic state of a refrigerant in a refrigeration cycle. The
vertical line represents the pressure (P), and the horizontal line represents the enthalpy (h). This diagram
is also called a pH diagram, as shown in Figure 1
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Figure 1. Magnitude of Refrigration Ciirculation in the Mollier Diagram

2.2.2 Cooling Load Calculation

Calculating the cooling load is a way to calculate the amount of cooling load for a building as a basis for
selecting appropriate equipment, with the aim that the equipment can handle the existing cooling load
(Mahmood et al., 2019). The following factors must be considered when determining the cooling load:

1. Characteristics of the building
(a) Building materials (walls, ceilings, floors, etc.)
(b) Surface color of the building
(c) Shape and size of the building

2. Building orientation
(a) Geographical location
(b) The effect of sunlight
(c) The influence of shadows from other buildings
(d) the effect of heat reflection

3. Heat source from inside the room

1. Heat load from occupants

The heat load from a room must be considered in an air conditioning system. The amount of heat
generated by occupants in a room depends on the number and activity of the occupants (Gong et al.,
2017; Khammayom et al., 2020), and the heat generated can be either latent or sensible.

* Sensible heat
Sensible heat is characterized by a change in temperature.

O, =N x SHG x CLF
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Where :

Qs = Sensible Heat Transfer Rate (BTU/hr)
N = Number of People

SHG = Sensible Heat Gain (BTU)

CLF = Cooling Load Factor

 Latent heat
Latent heat is not characterized by a change in temperature.

01 =N x LHG

Where :

QI = Latent heat transfer rate (BTU/hr)
N = Number of People (BTU)
LHG = Latent Heat Gain (BTU)

2. Heat load from lighting

Qs = 3.41 x qi X F, x F; x CLF

Where : Qs = Sensible heat transfer rate (BTU/hr)
3.41 = Conversion factor

qi = Lamp power (Watt)

Fu = Lamp usage factor

Fs = Ballast factor

CLF = Cooling Load Factor

3. Heat Load from Equipment

Oy = (HG) x CLF

Where : Qs = Sensible heat transfer rate ( BTU/hr )
HG = Equipment Heat Gain (BTU/hr)
CLF = Cooling Load Factor

4. Ventilation

The ventilation load is the addition of heat to a room to meet the oxygen needs of the occupants.

- Sensible load

0s = 1,10 x O x AT

Where :

O, = Sensible heat transfer rate (BTU/hr)
Q = Air flow volume (CFM/person)

AT = Temperature difference (°F)

- Latent Load
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0} = 4840 x O x AW

0/ = Latent heat transfer rate (BTU/hr)
Q = Air flow volume (CFM/person)
AW = Specific humidity difference (1b/Ib)

5. Heat Load From Outdoors
Heat conduction through the roof, walls, and glass walls
O, =UXxAXCLTD
O, = Possible heat transfer rate (BTU/hr)
U = Heat transfer coefficient (BTU/hr.ft>.°F)
A = Cross-sectional area (ft?)

CLTD = Cooling Load Temperature Difference (°F)

3. Methodology

Research methodology refers to the stages of research that must be established before problem-solving
can be undertaken. This allows for focused research and facilitates the analysis of problems. The
following flowchart of the research method used is shown in Figure 2.
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Figure 2. Research Flowchart

"Based on Figure 2, the flowchart illustrates the step-by-step process of designing and controlling an
Arduino robot. The process begins with the classification of the problem, followed by determining the
objectives, and conducting a literature review. Next, the design of the Arduino robot is carried out,
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followed by analyzing the results of the robot’s construction (Elhelw, 2016; Wei et al., 2019). The
flowchart then shows actions taken to control the robot, leading to the conclusion of the process.

The research was conducted at the PMI Bogor Hospital, during the period from October to January 2020.
Data Specifications and Calculations

In HVAC system design, both internal and external building data are required. The following data can be
presented:

1. Location and Function of the Building
* Geographic Location : 6°LS — 7°LS and 106°BT — 108°BT
* Building Location : J1. Padjajaran Indah V No. 97, Bogor, West Java
* Building Function : The building is used as a hospital.
* Building Orientation : The building faces south.

3.1 Building Physical Data

In calculating the required cooling load of a building, it is necessary to know several factors that
significantly influence the calculation.

3. Total Cooling Load for Floors 1 to 3

The results of the total calculation of QSensible Heat, QLatent Heat, Room Sensible Heat (RSH), Room
Latent Heat (RLH), and Room Total Heat (RTH) for floors 1 to 3 can be seen in Table 1.

Table 1. Total Cooling Load from Floor 1 to 3

No. | Floor | Qs (Btu/hr) | QI (Btuw/hr) | RSH (Btu/hr) | RLH (Btu/hr) | RTH (Btu/hr)
1 One | 1066554.24 | 885598.29 1173209.66 974158.12 2147367.78
2 Two | 687987.08 | 662464.46 756785.79 728710.91 1485496.69
3 | Three | 668420.32 | 515332.48 735262.35 588858.72 1324121.07
4 | Total | 2422961.64 | 2063395.23 | 2662577.80 2291727.75 4956985.54

Based on Table 1, the total cooling load from Floor 1 to 3 is presented, including the calculated values for
Sensible Heat (Qy), Latent Heat (Q;), Room Sensible Heat (RSH), Room Latent Heat (RLH), and Room
Total Heat (RTH). For Floor 1, the cooling load values are 1066554.24 Btu/hr for (Qy), 885598.29 Btu/hr
for (Q1), 1173209.66 Btu/hr for RSH, 974158.12 Btu/hr for RLH, and 2147367.78 Btu/hr for RTH. The
second floor shows 687987.08 Btu/hr for (Qy), 662464.46 Btu/hr for (Q;), 756785.79 Btu/hr for RSH,
728710.91 Btu/hr for RLH, and 1485496.69 Btu/hr for RTH. For Floor 3, the values are 668420.32
Btu/hr for (Qy), 515332.48 Btw/hr for (Q1), 735262.35 Btu/hr for RSH, 588858.72 Btu/hr for RLH, and
1324121.07 Btu/hr for RTH. The total values for all floors combined are 2422961.64 Btu/hr for (Qy),
2063395.23 Btu/hr for (Q), 2662577.80 Btu/hr for RSH, 2291727.75 Btu/hr for RLH, and 4956985.54
Btu/hr for RTH.

4. Results and Discussion

4.1 Cooling Load Calculation Analysis Results

From the results of the cooling load calculations carried out on the new PMI Bogor Hospital building, the
cooling load from floors 1 to 3 was calculated, with the load obtained from the design planning results.
After calculating the cooling load on the new PMI Bogor Hospital building using the data, the cooling
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load was obtained as 4956985.54 Btu/hr. This is presented in the figure below.
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Figure 3. Total Cooling Load Graph

Based on Figure 3, the cooling load for the first floor is 2147367.78 Btu/hr. For the cooling load for the
second floor, the cooling load is 1485496.69 Btu/hr. For the third floor, the cooling load was 1324121.07
Btu/hr.

4.2 Air Supply Calculation Analysis Results

The results of the air supply calculations are shown in the graphical image. The air requirements for the
building were obtained from the results of the previous calculations in chapter three on air supply.
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Figure 4. Total Air Supply Graph

Based on Figure 4, the air supply calculations for the first to third floors each have their own total
calculation results. The air supply requirements for the first, second, and third floors were 38,966.55, 22,
094.20, and 39, 629.98 CFM, respectively. The total air supply required is 100,690.73 CFM.
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5. Conclusions

Several conclusions can be drawn from the discussion in Chapter IV from the results of the cooling load
planning for the Variable Refrigerant Volume (VRV) system.

1. The cooling load for floors 1 to 3 has been calculated. The Room Total Heat (RTH) on floor 1
is 2,147,367.78 Btu/hr, on floor 2 is 1,485,496.69 Btu/hr, and on floor 3 is 1,324,121.07 Btu/hr,
resulting in a total cooling load of 4,956,985.54 Btu/hr.

2. Based on the air supply calculation, the air capacity on the 1st floor is 38,966.55 CFM, on the
2nd floor is 22,094.20 CFM, and on the 3rd floor is 39,629.98 CFM, with a total air supply of
100,690.73 CFM.

3. The capacity of the VRV system outdoor units is determined as follows:

e Floor 1: Ou-1.A =537,196.56 Btu/hr; Ou-1.B = 534,212.32 Btu/hr; Ou-1.C = 538,642.65
Btu/hr; Ou-1.D = 552,941 Btu/hr.

e Floor 2: Ou-2.A =492,853.77 Btu/hr; Ou-2.B = 504,365.54 Btu/hr; Ou-2.C = 488,277.38
Btu/hr.

¢ Floor 3: Ou-3.A =505,004.50 Btu/hr; Ou-3.B =439,181.72 Btu/hr; Ou-3.C = 379,934.85
Btu/hr.

Overall, the building is supported by 10 VRV outdoor system units.
4. The distribution of indoor units is as follows:

* Floor 1: Ou.1.A supports 18 ceiling cassette units; Ou.1.B supports 20 units; Ou.1.C supports
27 units; Ou.1.D supports 15 units.

* Floor 2: Ou.2.A supports 30 units; Ou.2.B supports 20 units; Ou.2.C supports 17 units.
* Floor 3: Ou.3.A supports 20 units; Ou.3.B supports 30 units; Ou.3.C supports 18 units.

5. Based on the results, the designed VRV system is capable of meeting the cooling load requirements
of the building effectively.
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