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1 Objectives 

The main objective of this project is the design of a cooling tower for one of the chemical 
plants within the Tarragona complex. This chemical plant will increase its load capacity due to 
the growing market demand and, for this purpose, will install new units. These new ones will 
consume a quantity of cooling water that requires a new installation. 

To carry out the design of the new cooling tower, the client provides the following 
technical data: 

• Water flow rate to be cooled: 2,500 m3/h. 
• Inlet water temperature: 32°C. 
• Outlet water temperature: 26°C. 

Once the tower has been designed and all its components have been characterized, the 
selection and justification of the required instrumentation is carried out.  

Additionally, the new unit will include the capacity of the power loads.  

As this project deals with a new unit, it includes a section detailing the chemical 
treatment required for water treatment. This treatment is needed for both the initial startup 
i.e., Legionella disinfection in accordance with the RD and system passivation, and for normal 
operational conditions. The aim is to ensure effective control of corrosion, scaling, and 
microbiological growth to maintain optimal functionality. Chemical treatment plays a critical 
role because the majority of industrial production processes require cooling water to operate 
efficiently and safely.  

Furthermore, a programme for monitoring variables is included. 

Finally, the budget will be presented for the project, dividing the costs between required 
investment and operational costs. 

 

Figure 1.1. Cooling tower.  

 

  



Cooling Tower Design 

Master’s Degree in Industrial Engineering, University Rovira & Virgili 2 

2 Scope 

The aim of the project is to design an efficient and functional cooling tower for the 
cooling system of the new chemical plant expansion. 

The scope of the project includes: 

­ Conducting an exhaustive study of the different types of cooling towers. 

­ Selecting a cooling system suitable for the cooling capacity and local climate 
factors. 

­ Defining and selecting tower components. Choosing materials resistant to 
corrosion and suitable for the industrial environment. 

­ Detailed design of the cooling tower. Performing design calculations for 
fundamental parameters and sizing the unit. 

­ Sizing and selecting the fans and pumps required by the system. 

­ Selecting the necessary instrumentation for system control and monitoring. 

­ Making partial load predictions for components with known power consumption. 

­ Preparing and executing the system startup, focusing on chemical treatment. 
Implementing flushing, disinfection, and passivation processes i.e., forming a 
protective layer on metal components to reduce corrosion. 

­ Carrying out a chemical treatment to prevent corrosion, scaling, and 
microbiological growth. 

­ Establishing a continuous system for monitoring water quality variables such as 
pH, conductivity, chlorine, etc. 

­ The budget required for the new unit will be detailed, dividing the costs into 
investment costs and operational costs.  

 

This project has been defined with an exclusive focus on the design and operation of the 
cooling tower. Therefore, the following elements are excluded from the project scope: 

- Design of the comprehensive electrical installation. The detailed design of the 
electrical installation is not included in the project. This encompasses the 
transformer station, service connection, protective enclosures, and cable 
distribution. The electrical installation should be covered in a separate project. 

- Design of the system filters. The design of filters that might be necessary for 
cooling tower operation and component protection against particles and 
sediments is not considered in this project. This includes selecting, sizing, and 
detailed design of filters to be integrated into the system. 
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3 Introduction 

3.1 Definition and importance 

Cooling towers are mechanical systems used to exchange energy between a body of 
water and a stream of air. [1] 

The fundamental principle of operation of these systems is based on evaporation: inside 
the equipment, a cloud of water droplets is produced either by spraying or by free fall, which 
comes into contact with a stream of air. The superficial evaporation of a small part of the water 
due to heat exchange with the air leads to the cooling of the rest of the water, which is 
collected at a lower temperature and returned to the cooling cycle. 

Water cooling systems have been used for industrial purposes and/or air conditioning 
since the beginning of the last century. The principles and techniques have not substantially 
changed, as the basis of the system is very simple. However, there has been substantial 
evolution in recent years in terms of the quality of materials and the accessibility of 
installations. 

Most industrial production processes require cooling water to operate efficiently and 
safely. Refineries, steel mills, petrochemical manufacturing plants, electric companies, etc., 
depend on equipment or processes that will not function properly or efficiently if the 
temperature is not correct. Water cooling systems control these temperatures by transferring 
heat from the hot fluids of the process to the cooling water that carries the heat. When this 
happens, the cooling water is heated and must be cooled before it can be used again or 
gradually replaced with a fresh supply of cooled water. Unfortunately, this "fresh" replacement 
water contains minerals, dirt, waste, bacteria, and other impurities. As the water continues to 
circulate through the system, other contaminants begin to accumulate. Soon, temperatures 
begin to rise, the efficiency of the cooling equipment is affected, and it can result in a complete 
plant shutdown. 

3.2 Sanitary importance of Legionellosis 

On the other hand, there is an important factor to consider regarding the maintenance 
of cooling towers. Some local administrations are restricting or making it difficult to install 
them due to their environmental impact. One of the most serious problems that these systems 
can cause is the spread of Legionella. [8] [9] 

Legionellosis is an infectious disease caused by the Legionella bacteria in 90% of cases 
and can be fatal. Traditionally, two clinical forms of Legionella infection have been classified: 

­ Legionella pneumonia or "Legionnaires' disease." A more severe disease that 
causes pneumonia and very high fever. 

­ Pontiac fever. A milder disease that does not cause pneumonia. 

Legionella is considered an environmental bacterium that can be found in any 
accumulation of surface water as part of its bacterial flora: lakes, rivers, ponds, thermal waters, 
etc. This bacterium has a bacillus shape that measures 0.3 to 0.9 µm wide and 2 to 20 µm 
long, being mobile with one or more flagella. 
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Figure 3.1. Legionella bacteria. 

This bacterium is capable of surviving in a wide range of physicochemical conditions. It 
is important to understand the different behaviours of this bacteria based on temperature. 

Table 3.1. Summary table of Legionella growth. 

Temperature >20ºC 20-45 ºC 35-37 ºC <50ºC <70ºC 

State Latent Active 
multiplication 

Optimal 
growth 

Does not 
multiply 

Non-viable 

 

As seen in the table above, the bacterium is inactive at a temperature below 20ºC, 
meaning it does not multiply. Similarly, it can be inactivated at temperatures above 50ºC, and 
can even be eliminated at higher temperatures maintained for a minimum time. However, 
when working at temperatures between 20 and 50ºC, the bacterium is in the ideal environment 
for growth and multiplication, especially between 35 and 37ºC, which is its optimal growth 
temperature. This temperature is within the working temperature range of cooling towers. 
Additionally, if the tower is not properly maintained and stagnant water and nutrients for the 
bacteria, such as sludge, organic matter, corrosion material, and amoebas are favoured, it can 
promote a significant focus where the bacteria can grow. 

If the above conditions are combined with installations that also include aerosol-
producing elements, the bacteria can disperse and be transported through the air. These water 
droplets containing the bacteria can remain suspended in the air, be transported, and 
penetrate the respiratory system of people who are in the environment by inhalation. 

 

Figure 3.2. Transmission and symptoms of Legionella.  
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Figure 3.3. Legionella pulmonary infection.  

Royal Decree 487/2022, of June 21, establishing health requirements for the prevention 
and control of legionellosis. 

3.3 Types of Cooling Tower 

Various types of cooling towers are designed and built, with different sizes available for 
each model. However, not all models are adequate for use in all heat load set ups. The 
following image contains a summary of the classifications. [2] [10] [11] [12] [13] 

 

Figure 3.4. Classifications of cooling tower. 

3.3.1 Classification based on air draft  

A tower will be defined as mechanical or natural depending on the type of air flow 
received, i.e., with or without the use of ventilators. 
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3.3.1.1 Mechanical cooling towers 

Towers powered by a mechanical force can control the air flow supply completely. These 
towers are compactly built and have a transversal (crossflow) section with the pump situated 
lower than towers receiving a natural air flow.  

These towers use multiple or individual ventilators to produce a known volume of air 
flow through (up) the tower. Thus, thermal performance is more stable and less affected by 
psychrometric variables than that of atmospheric towers. The cycle or capacity of the 
ventilators can be modified to regulate the air flow and compensate for changing atmospheric 
conditions or varying load demands.    

The outlet water temperature can be supervised very precisely in this type of tower, so 
it is possible to attain very low values of between 1º and 2ºC. However, in practice the 
temperature usually registers between 3º and 4ºC.   

Towers with a mechanically induced draft are known as forced draft towers. A fan, placed 
in the path of the natural air flow entering the tower, either forces the air up and out, or in 
the case of induced draft sucks the air upwards through the tower and out.   

- Forced draft. These towers offload/discharge the air slowly from the top of the tower 
and almost always use a counterflow mode. They are more efficient than those 
towers using an induced draft.  
The air that flows is cold air with a higher density than the air that flows through 
induced draft towers. This means that the mechanical equipment used in this process 
Will last longer than that used in induced draft towers as the fan is working with cold 
air that is not saturated and is therefore less corrosive than hot saturated outlet air.  
However, an important drawback involves the possibility that exiting air may drop to 
the low-pressure zone created by the fan at the inlet and then recirculate.  

- Induced draft. Induced draft towers can be of counterflow or crossflow design. The 
advantage of these towers is that colder water comes into contact with drier air, 
resulting in maximum efficiency. In this type of tower, air can enter through one or 
more walls of the tower, which significantly reduces the height of the air inlet. 
On the other hand, the high velocity at which the air enters poses a risk of carrying 
dirt and foreign objects into the tower. The resistance of the ascending air against 
the falling water results in a significant loss of static pressure and, therefore, an 
increase in the ventilation power compared to crossflow towers. 

 

 

Figure 3.5. Mechanical cooling towers. 
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3.3.1.2 Atmospheric towers 

In atmospheric towers the air flow is solely dependent on climatic and ambient 
conditions. They are classified into two groups: atmospheric towers or natural draft towers: 

- Atmospheric towers. Atmospheric towers utilize air currents from the atmosphere. 
The air moves horizontally while the water falls vertically (crossflow). They are tall 
towers with a small cross-sectional area. They should be installed in clear areas 
where no obstacles can hinder the free circulation of air through the tower. 
They have a high initial cost due to their significant size, but the maintenance cost is 
reduced as there are no moving mechanical parts. A tower of this kind can be a very 
cost-effective solution for certain cooling needs if it can be ensured that it will 
frequently operate exposed to winds with speeds equal to or greater than 8 km/h. 
If the average wind speed is low, the fixed and pumping costs increase significantly 
compared to a mechanically induced draft tower, and they do not offset the savings 
in ventilation costs. The average temperature of the cold water obtained with an 
atmospheric tower will be lower than what could be achieved with a mechanically 
induced draft tower designed for the same operating conditions, as the actual wind 
speed tends to be lower than the design speed. 
The outlet water temperature will always depend on the speed and direction of the 
wind. With this type of tower, it is not possible to achieve a close approximation. 
Currently, atmospheric towers are no longer in use. 

- Natural draft tower. A natural draft tower is one in which air is induced by a large 
chimney located above the fill. The density difference between the hot, moist air and 
the atmospheric air is the main reason for the air draft through the tower, along with 
the wind speed. For these reasons, natural draft towers need to be tall and have a 
large cross-sectional area to facilitate the upward movement of air. 
These towers are well-suited for cooling large water flows. Natural draft towers are 
not suitable when the dry air temperature is high because it must always be lower 
than the hot water temperature. It is not possible to achieve small approach values, 
and it is very difficult to control the water temperature precisely. 
In natural draft towers, compact fill materials cannot be used because the air flow 
resistance must be as low as possible. These towers are commonly used in thermal 
power plants but are rarely employed in industrial plants due to the significant initial 
investment required. 

 

 

Figure 3.6. Natural draft cooling tower. 
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3.3.2 Classification based on air flow pattern 

3.3.2.1 Counterflow  

In counterflow towers, the air moves vertically upward through the tower, opposite to 
the downward flow of water. These towers require numerous intake and discharge stages and 
the use of high-pressure spray systems. Additionally, pressure losses are generally higher. This 
is the reason why some smaller counterflow towers have greater height, require higher pump 
head, and use more ventilation power than equivalent crossflow towers. However, in larger 
towers, the situation between the two types of towers is more balanced due to the use of low-
pressure and gravity-related distribution systems, the availability of ample areas for air loading, 
and spaces for air treatment. Furthermore, due to their design, the exposure of water within 
these towers to sunlight is limited, which delays algae growth. 

 

Figure 3.7. Counterflow mechanical induced cooling tower.   

3.3.2.2 Crossflow  

Crossflow towers have a fill configuration in which air flows horizontally, crossing the 
downward flow of water. The water to be cooled is supplied to the hot water inlet tanks located 
at the top of the fill areas and is gravity-distributed through measuring holes at the bottom of 
these tanks. 

Maintaining these towers is less challenging than in the case of counterflow towers due 
to the ease of inspecting the different internal components of the tower. The main 
disadvantage of these towers is that they are not advisable for cases requiring a significant 
temperature difference and a small approach value, as this would result in a larger cross-
sectional area and more ventilation power compared to a counterflow tower. 

Crossflow towers can be divided into two groups: 

­ Double flow: In this type of tower, the fan induces air through two inlets and 
along two fills. 

­ Single flow: This type of tower has only one air inlet and one fill, with the other 
three sides of the tower covered. Single flow towers are mainly used in locations 
where air currents are available in only one direction. 
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Figure 3.8. Single-flow mechanical induced crossflow cooling tower.  

 

Figure 3.9. Double-flow mechanical induced crossflow cooling tower. 

3.3.3 Other types of classification 

3.3.3.1 Classification by manufacture  

They can be classified as Factory Assembled or Field Erected. Factory-Assembled towers 
typically do not exceed a capacity of 2,250 m3/h, while Field-Erected towers can reach flow 
rates of 80,000 m3/h. 

3.3.3.1.1 Factory-Assembled  

Factory-Assembled towers undergo virtually complete assembly at their manufacturing 
point, after which they are shipped to the site in as few sections as transportation allows.  

The small-sized tower shown in Figure 3.10 would be essentially intact when shipped. 
Larger multi-cell towers (Fig.3.11) are assembled as "cells" or "modules" in the factory and 
are shipped for the user to perform the final joining. Factory-assembled towers are also known 
as "packaged" or "unitary" towers. 
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Figure 3.10. Small-sized Factory-Assembled cooling tower. 

 

Figure 3.11. Factory-Assembled multicellular cooling tower. 

3.3.3.1.2 Field-Erected 

Field-Erected cooling towers are used in a wide range of cooling applications, such as 
industrial processes, refineries, manufacturing, power plants, and more. The construction is 
carried out on the site of its final use. All large towers, and many smaller towers, are 
prefabricated, marked in pieces, and shipped to the site for final assembly. The labour and/or 
supervision for the final assembly is usually provided by the cooling tower manufacturer. 

These towers are commonly constructed using treated wood, reinforced fiberglass, 
concrete, stainless steel, galvanized steel, or coated metals. 

 

Figure 3.12. Field-Erected multicellular cooling tower. 
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3.3.3.2 Classification by shape 

There are two different types of towers based on shape: 

­ Rectangular. Towers constructed in a cellular form, increasing linearly in length 
and the number of cells required to achieve a specific thermal performance. 

­ Round Mechanical Draft ("RMD").  Towers, as the name suggests, that have 
an essentially round layout, with fans grouped as closely as possible around 
the central point of the tower. Multifaceted towers, like the octagonal 
mechanical draft ("OMD") design shown in Figure 3.13, also fall under the 
general classification of "round" towers. Such towers can handle substantial 
heat loads with a considerably smaller site area impact than required by various 
rectangular towers. Additionally, they are significantly less affected by 
recirculation.  

 

Figure 3.13. Octagonal configuration mechanical draft cooling tower.  
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4 Standards and references 

4.1 Legal provisions and applied standards 

[1] Royal Decree 487/2022, of June 21, establishing health requirements for the 
prevention and control of legionellosis. 

[2] Royal Decree 552/2019, of September 27, approving the Safety Regulation for 
Refrigeration Installations and the complementary technical instructions. 

4.2 Calculation programs 

The calculation programs used for this project: 

• AutoCAD: Used for creating the drawings. 
• Howden: Used for fan design. 
• Sicro: A program from the Polytechnic University of Valencia used for obtaining 

values from the psychrometric chart. 
• Gantt Project: Used for project planning. 

4.3 Quality management plan applied  

Not applicable in this project. 
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5 Definitions and abbreviations 

In this section, the main parameters for this type of project have been defined, along 
with a brief description for each of them. The following table shows these parameters. [5] 

Table 5.1. Definition of the main parameters.  

Parameter Definition 

Approach Difference between the cooled water temperature outlet and the inlet 
wet bulb temperature.  

Blowdown Condenser water purposely discharged from the system to control 
concentration of solids or other impurities in the water. 

Drift Unevaporated water droplets that are lost from the cooling tower. 

Dry bulb 
temperature 

Temperature of air measured with a standard thermometer that is not 
affected by moisture content.  

Evaporation (loss) Condenser water that undergoes a phase change from liquid to vapour 
and exits the tower as a part of an air-vapour mixture.  

Height of Transfer 
Units (HTU) 

Represents the height of an imaginary equilibrium stage in a cooling 
tower.  

Make-up (water) Water added to offset water loss through evaporation, drift, and 
blowdown.  

Number of Transfer 
Units (NTU) 

Dimensionless parameter used to quantify the heat transfer efficiency 
in a cooling tower.  

Range Temperature difference between the water that enters the cooling 
tower i.e., hot water from an industrial process, and the water that 
exits the tower after being cooled down by an evaporation process.   

Wet bulb 
temperature 

Lowest temperature that can be reached by evaporating water into 
the air at a constant pressure.  
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6 Cooling tower choice. Justification  

The choice of the best cooling tower for the requirements of this project depends on the 
type of plant, quantity of water to be cooled and investment costs. Specific necessities for the 
cooling system have been considered. 

For this project, the cooling tower will be installed in a chemical plant in Tarragona, 
Spain.  

 

 

Figure 6.1. Cooling tower location. 

The main variables to be taken into account for the tower design are shown in Table 
6.1. Certain variables such as the flow to be cooled and the inlet and outlet water temperature 
have been defined by the client.  

- Water flow to be cooled: 2,500 m3/h 

- Inlet and outlet water temperature: 32-26ºC 

- Wet bulb temperature 

- Height (a.s.l.) 

- Weather conditions on site: see Table 6.1.  
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Table 6.1. Weather conditions on site.   

Variable Units Value 

Average annual temperature ºC 15.7 

Maximum temperature ºC 35.0 

Minimum temperature ºC 0 

Average annual relative temperature % 70.0 

Maximum relative humidity % 100.0 

Minimum relative humidity % 40.0 

Dry bulb temperature ºC 25.0 

 

The following table shows a comparison between natural draft and mechanical draft 
cooling tower. [5] [10] 

Table 6.2. Comparison of different types of cooling towers. 

 Natural draft Mechanical draft 

Tower height High Low 

Airflow Low or natural airflow Mechanical force establishes airflow 

Fan Not required Requires a fan. 

Noise N/A Higher noises levels 

Heat transfer between 
water and air 

Low High 

Operating cost Low High 

Initial investment High Low 

Capacity Increasing capacity requires 
increasing tower height. 

Increasing fan speed can increase 
capacity 

Temperature control Difficult water outlet 
temperature control. 
Difficult to achieve very 
small approach values. 

Good water outlet temperature 
control and can achieve very small 
approach values. 

 

After reviewing the previous table, the use of natural draft towers would not be 
considered due to their disadvantages. For the design of the tower according to the established 
requirements, precise temperature control and ensuring higher heat transfer between water 
and air are needed. 

Another factor to be considered is that the classification of natural draft towers is not 
suitable for the type of installation intended for this project design. As mentioned before, 
atmospheric natural draft towers are currently outdated, and natural draft towers are 
commonly used in thermal or nuclear power plants.  

Therefore, the design will focus on a mechanical draft cooling tower. These type of 
cooling towers can be either forced draft or induced draft. A comparative table between both 
of them is presented below. 
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Table 6.3. Comparative table of mechanical draft cooling tower type. 

 Forced draft Induced draft 

Cooling Capacity Good cooling capacity Greater capacity due to efficient removal 
of hot and humid air from the bottom 

Size Typically, smaller dimensions Larger dimensions 

Fan Axial or centrifugal fan at the 
air inlet 

Axial fan at the top of the tower 

Fan Location 
Issues 

Potential freezing issues when 
located at the air inlet 

None 

Motor Power High power Low power 

Airflow 
resistance 

Greater due to lower fan 
placement 

Lesser due to upper fan placement 

Discharge 
velocity 

Low. Saturated air tends to 
recirculate, reducing cooling 
capacity 

High. Prevents recirculation 

Maintenance 
access 

Greater difficulty in access Better access to tower elements 

Efficiency Normal More efficient than forced draft types 
 

An induced draft cooling tower has been selected as it offers higher efficiency in terms 
of energy consumption and performance compared to forced draft towers. Additionally, they 
have lower energy consumption for fan operation. 

Once the tower design has been decided, the airflow-water configuration must also be 
considered. Their characteristics are shown in Table 6.4.  

Table 6.4. Comparation based on air-water flow.  

 Crossflow Counterflow 

Heat transfer 
efficiency 

Low efficiency due to cold air 
contacting hot water. 

Higher efficiency with cold air 
contacting cold water 

Fan power Requires low power. High power. 

Air velocity High. Risk of entraining dirt and 
foreign bodies into the tower. 

Low. 

Saturated air 
recirculation  

Highly likely. Less likely. 

Fouling Highly likely. Less likely. 

Initial cost Higher initial cost due to design 
complexity. 

Lower initial cost. 

 

  As observed in the above table, after evaluating the various advantages and 
disadvantages for the different cooling tower types, for a chemical industry in Tarragona, an 
induced draft counterflow cooling tower will be used. Despite the low quantity and velocity of 
air, this choice ensures greater efficiency under different weather conditions, a lower likelihood 
of fouling, and avoids the risk of entraining dirt and foreign bodies into the tower, which 
directly impacts system efficiency.   
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7 Design requirements 

7.1 Design data 

The data for the tower design are presented in Table 7.1.  

Table 7.1. Design data.  

Variable Value 

Water flow rate to be cooled (m3/h) 2,500 

Dry bulb temperature (ºC) 25 

Relative humidity (%) 70 

Hot water temperature (ºC) 32 

Cold water temperature (ºC) 26 

Altitude (m) 0 

Atmospheric pressure (atm) 1 

 

7.2 Process description 

The cooling tower for this project is an induced draft counterflow type. This type of tower 
is the most commonly used in the chemical industries in Tarragona. The following table shows 
the description and the operation of a cooling tower. [2] [13] 

Table 7.2. Cooling tower operation description.  

Step Description 

1 Reception of hot water. The hot water that needs to be cooled enters the tower 
at a temperature of 32 ºC. This water, also known as process water, comes from 
condensers, heat exchangers, reactor jackets, furnaces, etc. The hot water flows 
into the collector.  

2 Distribution of hot water. Once the water flows into the collector, it is uniformly 
distributed over the surface of the fill. 

3 Contact with air. Fresh air enters from the bottom of the tower and rises through 
the fill in the opposite direction to the water flow.  

4 Heat transfer. As the air moves through the fill, it absorbs heat from the hot water, 
so that part of the water cools as it evaporates.  

5 Evaporation and cooling. The hot air is expelled from the top of the tower into 
the atmosphere, aided by fans placed at the top of the tower.  

6 Capture of water droplets. To ensure minimal entrainment losses, drift 
eliminators will be installed to catch the water droplets carried by the air and direct 
them downwards.  

7 Collection and recirculation. The cooled water that does not evaporate is 
collected in the tower basin and returned to the cooling system. This water exits the 
tower at a temperature of 26ºC.   
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Figure 7.1. Cooling tower operation.  

7.3 Components of a cooling tower 

The components that will constitute the cooling tower have been defined. [2] [5] 

7.3.1 Structural 

7.3.1.1 Framework 

The framework of a cooling tower is the main element as it serves as the support for all 
internal components and provides structural integrity. It is designed to house the fill, water 
distribution system, fan, and other key components. 

The framework of a cooling tower can be constructed using different materials, which 
are chosen based on factors such as durability, chemical resistance, cost, and availability. 
Some commonly used materials are: 

1. Wood: Wood was the most commonly used material in the past, but it is not a 
common practice nowadays due to its limitations in terms of structural strength, 
durability, and maintenance. However, in certain cases and under specific 
conditions, constructing a tower using properly treated wood can be considered. 

2. Galvanized Steel: Galvanized steel is widely used in cooling tower construction 
due to its resistance to corrosion and durability. However, it can degrade easily 
and suffer significant load losses due to fouling and corrosion. To address this, 
the steel is coated with a layer of zinc to protect it from oxidation and corrosion 
caused by contact with water and chemicals. 

3. Reinforced Concrete: Reinforced concrete is used in the construction of large 
cooling towers, such as natural draft towers. It involves reinforcement columns 
made from a combination of concrete and steel that provides structural strength 
and durability. It does not require specific chemical treatment for maintenance 
and offers high resistance. 

4. Fiberglass Reinforced Plastic (FRP): FRP is a composite material that combines 
polyester resins with fiberglass. It is resistant to corrosion and has a good 
strength-to-weight ratio, making it suitable for cooling tower construction as it 
can be moulded into various shapes and sizes. 
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Among the materials mentioned, both reinforced concrete and fiberglass reinforced 
plastic are the most suitable choices. However, reinforced concrete is typically used in larger 
cooling towers like natural draft towers. Therefore, for a mechanically induced draft cooling 
tower, an FRP structure would be more advantageous: 

­ Good corrosion resistance and compatibility with the chemicals present in the 
water circulation system. 

­ Durability. It can withstand extreme weather conditions, including varying 
temperatures and humidity. 

­ Lightweight material. FRP is lightweight, making installation easier and reducing 
stress on the supporting structure. 

 

Figure 7.2. FRP framework of a cooling tower.  

7.3.1.2 Casing 

The casing of a cooling tower refers to the structure that surrounds and protects the 
tower. The purpose of the casing is to maintain a controlled environment and safeguard the 
internal components of the tower from external factors such as weather, dust, or pollution. 

The casing can have various designs and materials, but it typically consists of panels or 
walls that encircle the tower, creating an enclosure. The material of the casing should be as 
opaque as possible, thus preventing the entry of light so as to inhibit the proliferation of algae, 
fungi, and bacteria. 

 

Figure 7.3. FRP casing.  
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7.3.1.3 Cells 

Cells, also known as flow splitter screens, are used to divide zones within the equipment. 
They serve as windbreaks and help prevent turbulence in areas where air currents coincide. 
Cells in a cooling tower can serve several purposes: 

1. Airflow Distribution: Cells can help direct and evenly distribute airflow through 
the fill, allowing for efficient heat transfer. 

2. Compartmentalization: Cells divide the internal space of the tower, enabling 
better management and control of water and air flow in different areas of the 
tower. 

3. Maintenance and Access: Cells can facilitate access and maintenance of the 
internal components of the tower.  

7.3.1.4 Fan cylinder 

Fan cylinders are used to provide the fan with a housing and enhance its efficiency of 
operation. Furthermore, they serve as protection for the mechanical equipment. They prevent 
recirculation issues by facilitating the discharge of humid air, reduce the energy consumption 
needed to propel a specific volume of air, and eliminate turbulence that causes the constriction 
of flow lines as they pass through the fill.  

 

Figure 7.4. Cooling tower fan cylinder. 

7.3.2 Hydraulic 

7.3.2.1 Water distribution system 

The water distribution system in a cooling tower is responsible for supplying and ensuring 
efficient water distribution throughout the fill to facilitate heat transfer and maximize 
evaporative cooling. 

The water distribution system in a tower can operate either by pressure or gravity. The 
gravity-based system is typically used in crossflow towers, while the pressure-based system is 
employed in counterflow towers. 

In the gravity-based water distribution system, water flows by gravity from a basin or a 
supply source located at a higher elevation than the tower. The water is directed through pipes 
and nozzles to the tower fill, utilizing gravity to ensure even distribution. The advantages of 
this system are that water pumps are not required to generate pressure, and this reduces 
electricity consumption and provides greater simplicity in installation and maintenance. 
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However, it has limitations concerning flow regulation in each cell and the location of the 
supply source. 

 

Figure 7.5. Gravity-based water distribution system. 

In the pressure-based water system, water is pumped from a supply source such as a 
basin or an external source. The pumps generate the necessary pressure to distribute the 
water through pipes and nozzles to the tower fill. The water pressure ensures even distribution 
over the fill, facilitating the cooling process and thus providing greater control and adjustment 
of the flow and water distribution in the tower. However, having a pumping system requires 
higher energy consumption and, consequently, greater complexity in installation and 
maintenance.  

 

Figure 7.6. Pressure-based water distribution system.  

The new cooling tower will feature a pressure-based water distribution system as the 
flow is counterflow.  

7.3.2.2 Inlet water collector 

The inlet water collector in a cooling tower is an essential part of the cooling system. It 
is the pipe through which the water to be cooled enters. Its role is to ensure that the water 
enters the tower uniformly and efficiently. 

7.3.2.3 Nozzles 

The nozzles or sprayers in a cooling tower are components used to spray water over the 
tower fill. Their main function is to evenly distribute water over the cooling area, promoting 
efficient heat transfer and enhancing tower performance. They atomize the water into small 
droplets, thereby increasing the surface area in contact with the air and facilitating 
evaporation. 
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Figure 7.7. Nozzles. 

There are different types of nozzles, among which the following stand out: 

- Low-pressure nozzle sprayers. These have nozzles that atomize water into a 
defined spray pattern. They can be located on the top of the pipe (up-spray) or 
on the bottom (down-spray). They can be single or multiple nozzles, and their 
design allows for adjusting the angle and spray flow rate according to the system 
needs. 

 

Figure 7.8. Nozzle on the bottom of the pipe. 

- Splash plate sprayers. These have a plate-shaped design with small perforations. 
Water is sprayed through the perforations, creating a wide and uniform spray 
pattern. They are more commonly used in gravity distribution systems. 

For a pressure distribution system, low-pressure nozzle sprayers have been used and 
located on the bottom of the pipe (down-spray). 

7.3.2.4 Drift eliminators 

The drift eliminator, also known as a droplet separator, is an important component in a 
cooling tower. Its main function is to capture water droplets carried by the airflow inside the 
tower and prevent them from escaping. This helps minimize water loss and improve the 
efficiency of the cooling process. 

The drift eliminator is typically located at the top of the tower, just below the air outlet. 
It is designed with a configuration that allows air to pass through freely but captures water 
droplets carried by the upward air stream. 

These devices also contribute to the homogenization of the airflow at the outlet of the 
fill, as the separators exert a pressure that acts as a buffer between the fill and the fan. 
Typically, the blades are made of Polyvinyl Chloride (PVC) and the supports are made of 
Polypropylene (PP). 
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Figure 7.9. Drift eliminator. 

7.3.2.5 Cold water basin 

The cold water basin is an important component in the water system of a cooling tower. 
It is a reservoir of water located at the bottom of the tower, where cooled water is collected 
before being recirculated back into the system. 

The primary function of the basin is to store the cooled water that exits the tower fill. As 
water is distributed over the fill and comes into contact with counterflow air, some of it 
evaporates, cooling the remaining water. This cooled water is collected in the basin for later 
reuse in the cooling process. 

Constructing the basin of an induced-draft cooling tower involves using materials that 
are durable, corrosion-resistant, and capable of holding large volumes of water. 

The basin of a cooling tower must have the following characteristics: 

­ Accessibility for maintenance and cleaning tasks. 

­ Equipped with drains and overflow outlets, as well as connections for the purging 
system and water supply. 

­ Have a bypass system that can divert water when necessary, such as during 
startup. 

7.3.3 Thermal 

7.3.3.1 Fill (Heat transfer) 

Fill, in cooling towers, is the area where thermal exchange takes place. 

The fill of a cooling tower is a key component located within the tower and aims to 
increase the contact surface between hot water and air to promote efficient heat transfer. The 
fill is used to maximize evaporative cooling. The main characteristics of fill in a cooling tower 
are: 

­ Extended surface: The fill is designed with a large surface area, which helps 
maximize heat transfer between water and air. The extended surface allows for 
greater evaporation and more efficient water cooling. 

­ Support structure: The fill has a structure in the form of sheets, grids, or blocks, 
designed to maintain a stable and sturdy configuration. 

­ Uniform water flow: The fill is designed to evenly distribute water over its surface. 
This is achieved through channels and deflectors that guide water flow and 
prevent the formation of preferential channels, ensuring even distribution of 
water across the entire fill surface. 
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­ High cooling efficiency: The design of the fill promotes efficient mixing of air and 
water, favouring heat transfer. By increasing the contact surface and allowing 
uniform water distribution, the fill optimizes the cooling efficiency of the tower. 

­ Corrosion resistance and durability: The fill is made from corrosion-resistant and 
durable materials capable of withstanding environmental conditions and 
exposure to water and air over extended periods. 

­ Ease of maintenance: The design of the fill allows for proper access for 
maintenance and cleaning. This is important to ensure optimal performance of 
the cooling tower and prevent the accumulation of sediment or deposits in the 
fill. 

There are different types of fill used in induced-draft cooling towers, with the most 
common ones being: 

- Film or laminar fill: This is one of the most common types used in cooling towers. 
They are often made of PVC. It is also known as crossflow fill or extended surface 
fill. This type of fill is designed to promote the formation of a thin film of water 
on its surface, thereby increasing the contact surface between water and air for 
efficient heat transfer. The following table shows the different advantages and 
disadvantages it presents. 

Table 7.3. Advantages and disadvantages of film-type fill.  

Advantages Disadvantages 

High cooling efficiency. Film fill 
allows for an extensive contact 
surface between water and air, 
promoting efficient heat transfer and 
greater cooling capacity. 

Higher initial cost. Film fill tends to 
be more expensive compared to other 
types of fill due to its design and 
manufacture. 

Lower energy consumption. Due 
to higher cooling efficiency, film fill 
may require less energy to achieve 
the same cooling capacity compared 
to other types of fill. 

 

Lower sensitivity to water 
quality. Film fill is less susceptible to 
clogging issues caused by suspended 
solids in water, making it suitable for 
waters with certain levels of 
contaminants or sediments. 

 

 

 
Figure 7.10. Film- type fill. 
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- Splash or grid-type fill. This is another common type of fill used in cooling towers. 
It is also known as parallel flow fill or direct contact fill. Unlike film fill, splash or 
grid-type fill does not form a water film but promotes direct contact between 
water and air to achieve heat transfer. Table 7.4 describes the advantages and 
disadvantages.  

Table 7.4. Advantages and disadvantages of splash-type fill.   

Advantages Disadvantages 

Resistance to clogging. The open 
design of splash fill allows for the 
passage of water and air, reducing 
the likelihood of clogging caused by 
sediments or dirt. 

Lower cooling efficiency. Splash fill 
does not offer as extensive a contact 
surface as film fill, which can result in 
lower cooling efficiency in certain 
cases. 

Higher tolerance to load 
variations and water conditions. 
Splash fill can handle better changes 
in thermal load and water conditions, 
making it more flexible in different 
operating conditions. 

Higher energy consumption. Due 
to lower cooling efficiency, higher 
energy consumption may be required 
to achieve the same cooling capacity 
as with film fill. 

 

 
Figure 7.11. Splash-type fill. 

To ensure the cooling tower is efficient and high-performing, film-type fill has been 
selected due to the following considerations: 

­ Optimization of heat transfer. Film-type fill offers a more extensive contact 
surface, thus promoting efficient heat transfer and greater cooling capacity. 

­ Energy efficiency. The low pressure drop of film-type fill directly contributes to 
the energy efficiency of the system. The reduced resistance of the airflow 
optimizes the energy required to move air through the tower. This results in lower 
energy consumption and more sustainable operation throughout the tower 
lifespan. 

7.3.4 Mechanical 

7.3.4.1 Recirculation pumps 

Recirculation pumps play a crucial role in supplying water to the system and continuously 
recirculating the cooled water. These pumps are responsible for maintaining a steady flow of 
water through the distribution system and the tower fill. 
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These pumps are selected based on the required water flow for the cooling system and 
the specific tower characteristics. The power and capacity of the pumps will depend on factors 
such as the tower size, the required water flow rate, and pumping power. 

Centrifugal pumps with one or multiple stages have been used.  

7.3.4.2 Fan 

The fan is one of the most important components of a cooling tower. It generates an 
airflow that draws out the hot and humid air from the tower, facilitating heat transfer. 

It is located at the top of the tower, and its main function is to create a vacuum effect 
by extracting the hot and humid air from the interior. As the hot air rises through the tower 
fill, the fan creates suction that helps expel the hot air to the outside. 

The design of the fan allows for efficient air extraction. Generally, it consists of an electric 
motor connected to a shaft that drives the fan blades. The blades are designed to generate 
an upward airflow, creating a pressure difference that promotes the exit of the hot air. 

The size and capacity of the fan are determined based on the airflow required for the 
cooling system, the tower dimensions, and specific performance requirements. 

 

Figure 7.12. Cooling tower fan. 

7.3.4.3 Motor 

It is the power source of the fan, and both its supply, dimensions, protection, and sealing 
must be the correct ones to ensure its lifespan. 

Therefore, the selection of a motor should be based on the environmental conditions it 
will be exposed to and the required power. Considering that the minimum nominal power of 
the motor must be at least 10% higher than the absorbed power. 

7.3.4.4 Transmission 

The transmission is composed of a gear box and a shaft responsible for transmitting the 
movement from the motor to the reduction shaft. The characteristics of rigidity and torsion, 
as well as the mechanical resistance to the working environment, are essential to ensure a 
long lifespan of this component. 

7.3.4.5 Reducer 

This is the component that supports the fan, so the mechanical equipment must prepare 
it to withstand its axial and radial loads. The reduction ratio must appropriately avoid exceeding 
the maximum tip speed of the fan blade, which could otherwise lead to its breakage. Neither 
must it lower the speed of design which what reduce the airflow circulating through the tower. 

Reducers, like the entire mechanical assembly, must exhibit high chemical and 
mechanical resistance.  
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8 Cooling tower design 

8.1 Fundamental parameters of the cooling tower 

The fundamentals parameters for the design of a cooling tower are represented in Figure 
8.1.  [14] 

 

Figure 8.1. Enthalpy vs. Temperature diagram.   

The graphic above represents the operational diagram of a cooling tower. The 
temperature and enthalpy values have been extracted from the psychrometric chart subject 
to the conditions of pressure and altitude in the system.  

In Annex 2.1, the determination of various parameters from the psychrometric chart can 
be observed. The following table presents the obtained results.  
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Table 8.1. Fundamental parameters extracted from the psychrometric chart. 

Parameter Symbol Value 

Inlet dry bulb temperature (ºC) Td,in 25.0 

Inlet wet bulb temperature (ºC) Twb,in 21.0 

Outlet dry and wet bulb temperature (ºC) Td,out = Twb,out 30.0 

Approach (ºC) a 5.00 

Range or temperature difference (ºC) ∆𝑇 6.00 

Inlet humidity ratio (g/kg dry air) Win 13.9 

Outlet humidity ratio (g/kg dry air) Wout 27.2 

Dew point temperature (ºC) Tr 19.1 

Inlet enthalpy (kJ/kg dry air) hin 60.6 

Outlet enthalpy (kJ/kg dry air) hout 99.7 

Inlet specific volume (m3/kg dry air) vin 0.864 

Outlet specific volume (m3/kg dry air) vout 0.896 

Inlet wet air density (kg/m3) 𝜌𝑑𝑎𝑖𝑛 1.174 

Outlet wet air density (kg/m3) 𝜌𝑑𝑎𝑜𝑢𝑡 1.146 

 

8.2 Water flow balance 

After obtaining the data from the psychrometric chart, the calculation of the L/G ratio 
and the number of transfer units have been carried out. The calculation procedure can be 
found in the annexes.  [3] [4] [6] [7] [15] [16] [17] [18] [19] 

Once the variables are known, the water flow balance of the system can be performed.  
Figure 8.2 represents the water flow balance of the cooling tower, and Table 8.2 provides a 
summary of the calculated parameters (detailed calculations can be found in the Annex 2.2).  

 

Figure 8.2. Cooling tower water flow balance.  
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Table 8.2. Summary table of calculated fundamental parameters.  

Parameter Symbol Value 

Recirculating Flow (m3/h) L 2,500 

Evaporation loss (m3/h) E 22.95 

Blowdown (m3/h) B 7.65 

Drift loss (m3/h) D 0.25 

Make-up (m3/h) M 30.85 

Relation L/G L/G 1.559 

Number of unit transfer NTU 2.814 

Air Flow (m3/s) G 384.7 

Number of cycles C 4.00 

8.3 Sizing of the cooling tower 

In this section, detailed sizing of the cooling tower and its components has been carried 
out. The calculation procedures are presented in the annexes. [2] [5] [17] [20] [21] [22] 

8.3.1 Cooling tower area 

The cooling tower area is 200 m2. It will consist of 2 cells, each measuring 10 meters in 
length and 10 meters in width, resulting in an area of 100 m2 per cell. The following figure 
shows the dimensions of the cooling tower. 

 

Figure 8.3 Cooling tower dimensions. 

8.3.2 Air inlet height 

Initially, to determine the total height of the cooling tower, the inlet air height has been 
calculated. 

The inlet air height depends on the dry air volumetric flow rate, the incoming air velocity 
inside the tower, the length of the cells, and the number of cells. 

The inlet air height is 3.8 meters. 
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Figure 8.4. Inlet air height.  

8.3.3 Fill (Heat transfer) 

Above the inlet air height is the fill. A laminar fill type has been chosen. 

According to the supplier's specifications for laminar fill, they are sold in packages of 0.6 
meters each. Therefore, 4 packages of PVC, 0.6 meters in height have been selected. 

The total fill volume used in the tower will be 240 m3 per cell. 

 

Figure 8.5. Fill height. 

8.3.4 Water distribution system 

The nozzles are placed above the fill. As defined in section 7.3, low-pressure nozzles 
have been considered. 
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The NS5 distributors from Marley's catalogue have been designated as they are suitable 
for counterflow cooling towers. This nozzle has a height of 0.2 meters, and the spacing 
between nozzles should be between 0.5 meters. 

 

Figure 8.6. NS5 counterflow nozzle. 

There is a separation distance in depth between the nozzles and the fill for proper 
dispersion and homogenization of water distribution. This area is called the spray zone or spray 
area. The recommended separation distance by the supplier is 0.4 meters. 

The nozzles will be connected to the distribution system. These pipes have a diameter 
of 0.2 meters. 

The distribution system collects water from the collector. The selected collector has a 
diameter of 0.5 meters. 

The following figure illustrates the distribution system with its main components. 

 

Figure 8.7. Counterflow Distribution Assembly. 
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Figure 8.8. Water distribution system and water collector dimensions. 

8.3.5 Drift eliminator 

Above the distribution system are the drift eliminators. A drift eliminator has been 
selected that guarantees drag losses of less than 0.01% in the recirculation flow. The height 
of the separators is 0.2 meters. They will be located across the entire surface of the tower. 

The area they will occupy is 40 m2. 

A distance of 0.5 meters is left above the separators for the placement of the mechanical 
group. 

Therefore, the total height of the cooling tower, without considering the height of the 
fan cylinder, will be 8 meters. 

 

Figure 8.9. Total height of the cooling tower.  
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8.3.6 Cold water basin 

To size the basin of the tower, the number of cells must be considered, and an additional 
1 meter should be considered for both sides of the larger dimension. A height of 1.5 meters 
has been considered. The volume of the basin will be 360 m3 and it will be constructed of 
concrete. 

 

Figure 8.10. Cold water basin.  

8.3.7 Framework 

The framework of the cooling tower will be in Fiberglass Reinforced Plastic (FRP) since 
it is a corrosion-resistant material with a favourable strength-to-weight ratio. The beams 
supporting the structure will be positioned every 2.0 meters. An H-shaped FRP profile has been 
chosen for the entire structure, and for the corners, an angular profile will be used. 

 

Figure 8.11. H-shaped FRP profile. 

 

Figure 8.12. Angular FRP profile.  
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8.3.8 Casing 

An FRP casing has been chosen and will be installed considering the height of the air 
inlet. The same casing will be used to cover the top of the tower. The approximate surface 
area of the enclosure needed is 460 m2. 

 

Figure 8.13. FRP casing.  

8.3.9 Fan 

The sizing of the cooling tower fans has been carried out using the software provided by 
Howden, the supplier company. 

Prior to this, it is necessary to define the following parameters: 

­ Airflow per cell. 

­ Temperature and humidity. 

­ Pressure. 

­ Air density. 

These values have been entered into the software, which then selects the fan that fits 
the specified conditions. 

The fan chosen is the 7920DLF5 with a diameter of 7,920 mm. The fan characteristics 
are shown in the following figure. 
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Figure 8.14. Fan dimensions.  

The fan specification sheet can be located in Annex 5.1.  

8.3.10 Fan cylinder 

The selection of a specific fan cylinder for the cooling tower is based on the information 
in the catalogue provided by the manufacturer. 

In the selection process, the diameter of the fan, which is 7,920 mm, has been 
considered. The following figures show the dimensions to consider and the selection catalogue. 

 

 

Figure 8.15. Fan cylinder dimensions scheme.  
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Figure 8.16. Catalogue table for fan cylinder selection.   

The NFS-8.0-3.0 model has been selected due to its optimal compatibility with the fan 
diameter and the dimensions of the fan cylinder, which ensures efficient airflow circulation 
through the tower. The appropriate choice of the fan cylinder is essential to ensure optimal 
operation of the entire cooling system and maximize the tower efficiency in heat dissipation. 

8.3.11 Motor 

For the operation of the fan, a motor capable of supplying the appropriate power has 
been required. From the fan specifications sheet, the following information has been obtained: 

­ Power: 49.6 kW 
­ Speed: 123.3 rpm 

In the SIEMENS motor catalogue, a motor with a corrosion-resistant epoxy paint coating 
has been selected. [23] 

The motor 1LE0141-2CC76-4AA4 has been chosen. The technical data of the selected 
motor are: 

­ Rated power: 55 kW 
­ Speed: 1,185 rpm 
­ Number of poles: 6 
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8.4 Sizing of pumps 

The sizing for the two pump systems needs to be calculated: one for the recirculating 
system and another for the makeup water. For the selection of the recirculating pumps, a 2+1 
system will be used, meaning two pumps will be in continuous operation and one will be on 
standby. 

Given the recirculating flow rate of 2,500 m3/h and accounting for a design margin of 
10% above the nominal flow rate, the design for each pump has been made with a total 
nominal flow rate of 1,375 m3/h. 

For a system pressure supply of 5 bar (50 m head), the Flowselex application by 
Flowserve has been used to select a pump that best fits the system requirements. A Mark 3 
Sealmatic centrifugal pump has been chosen. [24] 

 

Figure 8.17. Pump model. 

The selected pump is suitable for the flow rate and discharge height conditions, as well 
as the characteristics of the fluid i.e., temperature, density, and viscosity. Below, Figure 8.18 
shows the characteristic curves for the chosen pump. 

 

Figure 8.18. Characteristic curves recirculating pump. 

In Annex 5.3, the pump specification sheet can be observed. 

For the selection of the make-up water pumps, a 1+1 system will be used, meaning one 
pump will be in continuous operation while the other is on standby.  
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Considering the make-up water flow rate of 30.85 m3/h and accounting for a 10% design 
margin above the nominal value, the design has been carried out for a pump with a total 
nominal flow rate of 34 m3/h.  

Using the Grundfos catalogue, the appropriate pump type has been selected. [25]  

The Magna3 80-120F model has been chosen as it is a common pump model used for 
cooling tower applications. This pump is suitable for the system conditions. 

 

Figure 8.19. Magna3 80-120F pump. 

Figure 8.21 shows the characteristic curves of the chosen pump.  Annex 5.4 shows the 
pump specification sheet.  

 

Figure 8.20. Characteristic curves make-up pump. 
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8.5 Chemical injection system 

In this section, the design of the chemical dosing system has been included. Section 12 
will define each of the products and provide detailed information about their functionality. [1] 

Both products intended for stabilization treatment i.e., corrosion and scaling, and for 
microbiological control will be contained within a Portafeed Senior container, which will be 
designed based on the compatibility of the product with the materials. Depending on the 
required consumption, Portafeed Junior containers units of 1,000 kg will be supplied for the 
product transferring.  

  

 

Figure 8.21. Product transfer from Portafeed Junior to Senior. 

Sodium hypochlorite and sulfuric acid will be supplied through Intermediate Bulk 
Containers (IBCs). 

 

Figure 8.22. IBCs NaClO and H2SO4. 
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Both PFs and IBCs contain hazardous substances, and during transfers, product spills 
could occur. To prevent any incidents that could suppose occupational and/or environmental 
risks, containment trays or spill containment pallets will be installed. 

 

Figure 8.23. Spill containment.  

For the chemical dosing, 8x5" PTFE tubing lines will be used. This material has been 
chosen due to its excellent chemical resistance along with optimal mechanical and thermal 
strength. 

 

Figure 8.24. Tubing PTFE. 

To select the dosing pumps, pump materials must be compatible with the substance to 
be dosed. Incorrect selection may affect the lifespan or proper operation of the equipment.  

One pump will be selected for each chemical, and a 1+1 system will be used for dosing 
hypochlorite and sulfuric acid. This system is necessary since a cooling tower cannot be left 
without either acid or hypochlorite.  

From the Grundfos catalogue [25], different types of pumps have been selected. 
Diaphragm dosing pumps will be used as they are optimal for precise chemical injection. The 
DDC pump range from Grundfos provides high precision at low flow rates and high pressures. 
Automatic flow control can be achieved using a frequency converter or by adjusting the stroke 
of the dosing pump. The following figure illustrates the type of pump chosen. 
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Figure 8.25. DDC dosing pumps. 

The specification sheet of each pump is available in Annexes 5.5, 5.6, 5.7.  

Furthermore, in the drawings document, drawing number 2, the location of the chemical 
area is indicated.  
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9 Instrumentation 

Sensors and analysers play a crucial role in monitoring and controlling the cooling tower 
system. These devices collect data on various variables and parameters to assess tower 
performance and make control decisions. The most commonly used ones are temperature, 
level, pressure, flow, and water quality instruments. [25] 

In Annex 6, the list of all system instruments can be found. 

In the drawing document, diagram number 2 contains the P&ID of the system. 

9.1 Level 

The level transmitter is a device used to measure and control the water level in the 
cooling tower basin. It provides information about the available water volume and is used to 
regulate recirculation and make-up water supply. To select the optimal level transmitter, the 
following characteristics must be ensured: 

­ Good corrosion resistance: Since the transmitters are in contact with water, they 
need to be corrosion-resistant to maintain accuracy and durability. 

­ Suitable measuring range: They must have a measuring range compatible with 
the height of the water level in the cooling tower. 

­ Protection against water ingress: They should have measures to protect against 
water entering the transmitter. 

­ Compatibility with harsh environments: The transmitters must withstand adverse 
environmental conditions such as high temperatures, humidity, and vibrations. 

In the Siemens catalogue, a radar level transmitter model SITRANS LR250 has been 
selected. This transmitter meets the aforementioned requirements. It is a level meter suitable 
for outdoor applications such as a cooling tower basin. 

­ Measuring range: 0-10 m 

­ Power supply: 24 VDC 

­ Output: 4-20mA/HART 

­ Accuracy: ± 2 mm 

 

Figure 9.1. SITRANS LR250 level transmitter. 
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9.2 Temperature 

This transmitter measures the water temperature within the tower. It provides 
information about cooling efficiency and helps control water flow and fan speed. Three 
transmitters have been selected: one to be installed at the cooling tower inlet, another at the 
outlet, and the last one on the make-up line. All three transmitters will have the same technical 
specifications and will work within the temperature range of 10-80°C. 

A temperature transmitter in this type of application has the following characteristics: 

­ Wide measuring range to accommodate temperature variations typically 
encountered in cooling towers. 

­ Corrosion resistance resulting from contact with water and humid environments. 

­ Protection against water and dust ingress, with an IP65 protection level. 

From the SIEMENS catalogue, the SITRANS TS500 sensor has been chosen. This sensor 
offers suitable working conditions for this application. Below are the technical specifications of 
the transmitter: 

­ Measuring range: 0-100°C. 

­ Protection level: IP65 

­ Power supply: 24VDC 

­ Output: 4-20mA/HART.  

 

 

Figure 9.2. SITRANS TS500 temperature transmitter. 

9.3 Flow 

The flow transmitter measures the amount of water flowing through the cooling system. 
It helps to ensure proper water flow and allows for adjustments based on cooling demand. A 
total of 4 sensors have been selected and installed: on the inlet and outlet lines of the cooling 
water, on the make-up line, and on the blowdown line. Each sensor should cover the required 
flow conditions for its respective line. 

The vortex flowmeter is the most suitable option for the system conditions. This type is 
highly compatible with corrosive liquids since, the circulating water contains chemical additives 
to prevent corrosion and bacterial growth. 

From the Siemens catalogue, the SITRANS FX330 model has been selected. It is a vortex 
flowmeter that is ideal for measuring liquids, gases, and vapours regardless of their 
conductivity, viscosity, temperature, and pressure. 
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Figure 9.3. SITRANS FX330 flowmeter. 

9.4 Pressure 

The pressure sensor monitors the water pressure at different points in the system. It 
helps to maintain proper flow and optimize system efficiency. 

Two pressure transmitters have been selected for location on the make-up line and at 
pump discharge. 

From the SIEMENS catalogue, the SITRANS P DS III transmitter has been chosen. The 
technical specifications are as follows: 

­ Measurement range: up to 16 bar. 

­ Protection level: IP65 

­ Power supply: 24VDC 

­ Output: 4-20 mA/HART. 

 

 
Figure 9.4. SITRANS PDS III pressure transmitter. 

9.5 Water quality 

Water quality analysers monitor parameters such as pH, conductivity, chlorine levels, 
corrosion rate, and chemical substance concentration in the water. This enables precise control 
of circulating water quality and helps prevent issues like corrosion, scaling, or bacterial growth. 

The residual chemical concentration and corrosion rate is monitored using the 3DTrasar 
equipment supplied by Nalco Water. A detailed description of the operation of this equipment 
is beyond the scope of this project due to the confidentiality of the company's information.    
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Figure 9.5. 3DTrasar equipment by Nalco Water. 

The readings of pH, conductivity, and chlorine values are taken both at the control panel 
and at a designated onsite location to ensure comprehensive monitoring of system conditions. 
An analyser booth is installed near the cooling tower for the local reading of these variables. 

An analyser booth is a space or enclosure designed to house the various analysers and 
monitoring equipment used in the control and supervision of a cooling tower. 

9.5.1 pH analyser 

pH monitoring is crucial for the operation of the cooling system, as an optimal pH value 
ensures process efficiency and safety. The characteristics of a pH analyser include: 

­ Measurement range: between 6-9 units. 

­ Precision and stability. 

­ pH sensors specifically designed to withstand the corrosive and humid conditions 
of tower water. 

­ Regular calibration is necessary to maintain measurement accuracy. 

Three pH analysers are required, with two installed on the inlet lines to the cooling tower 
and the third at the outlet.  

9.5.2 Conductivity analyser 

The conductivity analyser is used to measure the electrical conductivity of the water in 
the tower. It is related to the concentration of salts and other ions dissolved in the water. 
Monitoring this parameter is important to maintain good water quality and prevent 
corrosion/scaling issues. 

The characteristics of a conductivity analyser are the same as those for the pH analyser. 
Three conductivity analysers are installed, located on the same lines as the pH analysers.  
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9.5.3 Chlorine analyser 

The chlorine analyser is a device used to measure the concentration of chlorine in the 
tower water. Chlorine is commonly used as a disinfectant to control the growth of 
microorganisms, such as bacteria and algae, in the cooling system. Maintaining an appropriate 
level of chlorine is essential to ensure hygiene and prevent biological hitches in the tower. 

An analyser with a suitable measurement range has been selected to cover the typical 
values of chlorine used in the cooling system. Typical chlorine levels in a cooling tower range 
from 0.5-1 ppm. However, an analyser with a range between 0-5 ppm has been chosen, as 
during Legionella disinfections, the chlorine concentration is raised to 5 ppm. This way, better 
control of the biocide will be achieved. Additionally, it is important for the analyser to have 
proper calibration and regular maintenance to ensure accurate and reliable measurements. 

9.5.4 Summary table 

Table 9.1 shows a summary of installed sensors and analysers in the cooling tower.   

Table 9.1. Summary table.  

Component Instrument 
type 

Measured 
parameter 

Purpose Location 

Flow Flow meter Circulating 
water flow 

Flow monitoring Make-up, cooling 
water inlet and outlet, 
and blowdown.  

Temperature  Temperature 
transmitter 

Water 
temperature 

Temperature 
control 

Make-up and cooling 
water inlet and outlet. 

Pressure Pressure 
transmitter 

System 
pressure 

Pressure 
monitoring 

Make-up and pump 
discharge 

Level Level sensor Water level in 
the tower 

Control and 
safety 

Basin 

pH  pH electrode Acidity or 
alkalinity 

Chemical 
control 

Make-up and cooling 
water inlet and outlet. 

Conductivity  Conductivity 
meter 

Electrical 
conductivity 

Concentration 
control of salts 

Make-up and cooling 
water inlet and outlet 

Chlorine Chlorine 
analyser 

Chlorine 
concentration 

Biocide 
monitoring 

Cooling water outlet 
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10 Electrical installation 

The electrical installation section in a chemical plant encompasses four main areas: 

­ Fire Protection: Design of various fire detection systems, alarms, and automatic 
extinguishing systems to prevent and efficiently control fires. 

­ Lighting: Arrangement of appropriate lighting systems. 

­ Power: Power supply to pumps, motors, etc. 

­ Electronic equipment, control and automation systems, as well as communication 
and monitoring systems. 

Due to the current lack of information about the consumption of several major units that 
also require a significant power, these four areas are beyond the scope of this project. It is 
recommended that planning and execution of the electrical installation to be considered 
separately in the future.  

10.1 Scope 

The purpose of this project is to design a new cooling tower for the expansion of the 
chemical plant capacity. The cooling tower will meet the cooling water demands generated by 
the upcoming units to be implemented. These units, which will include components such as 
heat exchangers, reactors, compressors, and process pumps, will require certain levels of 
energy consumption. 

Since these data are not available, it is not possible to perform a complete design of the 
electrical installation. For this reason, elements such as the design of a transformer station, 
the electrical supply, and the main protection panel are beyond the scope of this project. In 
this project, only a partial load forecasting for the cooling tower area is provided. 

10.2 Partial load forecasting for the new unit 

In this section, a partial load forecasting has been carried out for the components where 
the electrical consumption is known. As mentioned in the previous section, the consumption 
for example of the heat exchangers and reactors is unknown.  
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Table 10.1. Partial load forecast.  

Equipment Power 

Recirculation pump 1 240,000 W 

Recirculation pump 2 240,000 W 

Recirculation pump 3 240,000 W 

Make-up pump 1 1,500 W 

Make-up pump 2 1,500 W 

Fan motor 1 55,000 W 

Fan motor 2 55,000 W 

Corrosion inhibitor pump 22 W 

Dispersant pump 22 W 

Non-oxidizing biocide pump 22 W 

Biodetergent pump 22 W 

Hypochlorite pump 1 22 W 

Hypochlorite pump 2 22 W 

Sulfuric acid pump 1 22 W 

Sulfuric acid pump 2 22 W 

TOTAL: 833,133 W 

 

Therefore, the estimated partial power requirement for this new unit is 833 kW. 
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11 Startup  

 

Figure 11.1. Startup process diagram. 

11.1 Scope 

One of the critical steps in protecting the cooling circuit during system shutdown and 
startup is the way this is prepared and executed. The prevention of corrosion, minimization of 
microbiological growth, fouling, and scaling are the main foundations of a good program. [1] 

Following the best practices there are different options mainly differentiated by the 
duration of the shutdown: 

1. Maintenance of the circuit in recirculation for shutdowns < 30 days. 

2. Draining the system for shutdowns > 30 days and/or when lines/equipment need 
to be intervened for maintenance. If it is necessary to completely drain the circuit, 
it should be ensured that the lowest points of the circuit are well purged, avoiding 
water stagnation at certain points. Nevertheless, as a preventive measure, it is 
advisable to reinforce the chemical and microbiological treatments to enhance 
the protection of the system against corrosion, scaling, and the presence of 
bacteria. In the startup, a global passivation of the circuit should be carried out, 
as well as a disinfection for Legionella. 

3. Water stagnation. This option is less recommended since stagnant water is 
susceptible to promoting significant corrosion and microbiological growth 
phenomenon. 

Since this project concerns the startup of the system, and as it does not contain water 
in the circuit, option 2 has been considered. 

11.2 Flushing  

Flushing during startup is the process of cleaning and purging the system to remove 
impurities, sediments, and potential contaminants before starting up the tower. It helps to 
ensure optimal performance and prevents subsequent hitches in the cooling system. The 
following table shows the procedure.  

Table 11.1 Applied procedure for system flushing.  

Step Action 

1 Fill the system with water. Fill the tower to an appropriate level for circulation.  

2 Keep the system in circulation for at least 2 hours.  

3 Initial sample collection. Collect water sample for initial parameter 
characterization (pH, conductivity, and iron).  

- If iron concentration is less than 1 ppm ➔ Proceed to step 4.  
- If iron concentration is higher than 1 ppm ➔ Empty the system and 

return to step 1 to achieve an iron concentration value below 1 ppm.  

4 Proceed with system disinfection.   

Startup Flushing Disinfection Passivation
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11.3 Disinfection Legionella according to RD 

The procedure described in Royal Decree 487/2022 will be carried out. This requires the 
semestral implementation of a "cleaning and disinfection treatment for industrial cooling 
towers" as a preventive measure for Legionellosis control.   

11.3.1 Procedure 

1. Chlorination of the system for up to 5 ppm of residual chlorine, addition of 
biodispersant and corrosion inhibitor while maintaining a pH between 7-8. A non-
oxidizing biocide shock will be added as a reinforcement. 

2. Close the blowdown if necessary to maintain residual chlorine of up to 5 ppm.  

3. Products used. The products required to carry out the cleaning and disinfection of 
the cooling tower are shown in the following table.  

 
Table 11.2. Products and doses of the products used.  

Product Dose 

Biodispersant 20 ppm 

Oxidizing biocide (NaClO) 50 ppm 

Non-oxidizing biocide 200 ppm 

 

4. Recirculation of the system for 4 hours with the fans disconnected when it is possible 
to avoid aerosol release. Chlorine level will be measured every hour to maintain the 
5 ppm.   

5. After the 4 hours, renew with fresh water to the extent possible. Return to the normal 
biocide residual control, in this case, 0.5 ppm chlorine. 

6. Perform mechanical maintenance operations on the equipment and repair any faults 
detected.  

7. After 15 days of treatment, a water sample will be taken for analysis in an accredited 
external laboratory to determine Legionella Pneumophila. 

 

11.4 Passivation 

The initial passivation of the metal is the key point to achieve an effective treatment 

program performance. [1] 

Non-passivation or incomplete passivation of the metal surface will result in rapid 

corrosion once startup has been carried out. This phenomenon is often known as "flash 

corrosion." The resulting products are generally loose and porous deposits that contribute to 

reducing heat transfer efficiency. Additionally, they interfere with the effectiveness of corrosion 

inhibitors, hindering proper interaction at the point of the surface where this corrosion is 

produced.  

The basic concept for effective metal passivation is simple. In essence, the process 

consists of four steps: 

1. To prepare the metal surface to be receptive to the formation of a corrosion inhibiting 

film. 
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2. To create a corrosion inhibiting film before "flash corrosion" occurs. 

3. To complete metal passivation and repair any breaks in the initial inhibiting film 

formed. 

4. To maintain the inhibiting film. 

The following table shows the steps to be followed to carry out the passivation procedure 

of the cooling tower. 

Table 11.3. Procedure applied to system passivation.  

Step Action 

1 Initial sample collection. Water sample will be taken for initial parameter 

characterization (pH, iron, copper, hardness, conductivity, and microbiological 

count).  

2 Adjust operation conditions to start passivation. Start recirculation of the 

water only through main lines and adjust:  

▪ pH: set pH setpoint between 7.8 – 8.0. 

▪ Chlorine: set chlorine setpoint between 0.2 – 0.4 ppm 

3 Once setpoints are reached, chemical shocks are performed to passivate 

the system.  

4 Keep the system in recirculation for at least the next 48-72 hours.  

Periodically, samples will be taken to monitor the evolution of iron and turbidity.  

After 24 hours, if a total iron residual increase >3 ppm is observed, adjust 

blowdown to target the value of 3 ppm as the upper limit. 

Adjust blowdown to maintain iron levels below 1 ppm. Presumably, the lateral 

filter will help deconcentrate iron in the system.   
5 After 48 hours on finding iron within specifications, the passivation 

process will be considered complete. 

6 Adjust operation parameters (system normalization).  

­ Set pH setpoint between 7.4-7.6 units. 

­ Set chlorine setpoint between 0.5-1 ppm. 

­ Normalize the chemical treatment dosage.  

 

11.4.1 Chemical products  

▪ Dispersant. Dispersing product that allows fouling control in cooling systems. This 

chemical is especially effective at dispersing/emulsifying oils and, therefore, preventing 

the formation of oily deposits in the circuit. 

▪ Corrosion inhibitor. Corrosion inhibitor for carbon steel used for cooling waters in 

both open and closed systems. 
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▪ Cathodic corrosion inhibitor and calcium carbonate dispersant. Dual-function 

chemical used as a cathodic corrosion inhibitor and calcium carbonate dispersant in 

open cooling systems. 

 
▪ Biodetergent. Product with biodispersant properties complementary to chlorination, 

as its basic principles are derived from surfactants. It will help eliminate the biofilm 

that may be present in some of the heat exchangers. Similarly, the biodetergent helps 

make chlorination more effective, as oxidizing biocides attack superficially on contact 

and do not penetrate the interior. Likewise, the biodetergent will keep the fill clean so 

that tower efficiency will be maximized. 

 
▪ Non-oxidizing biocide. Broad-spectrum non-oxidizing biocide for bacteria control 

during cooling system lay-up. 

 
▪ Sodium hypochlorite. Chlorine source acts as an oxidizing biocide. 

 
▪ Sulfuric acid. This will be required to keep the pH under control, avoiding excursions 

that could favour increased corrosion or deposition of suspended particles. 
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12 Chemical treatment 

The proposed chemical treatment aims to achieve effective control of scaling, corrosion, 
and microbiological growth, in order to ensure optimal system operation. It also aims to 
provide cooling water of sufficient quality for reuse, thereby optimizing water consumption. 
[1] 

To ensure optimal circulation water quality, the monitoring of various control parameters 
defined as KCI (Key Control Indicators) is essential. These indicators provide information about 
the system status, while KPIs (Key Performance Indicators) focus on treatment performance. 
KCI and KPI definitions can be found in Annex 3. 

In order to define the appropriate stabilization treatment (corrosion-scaling) for this 
cooling tower, the influent water quality and plant operating conditions have been studied. 
However, for proper operation, pH is the most critical parameter. For this system, a pH will be 
maintained to ensure maximum salt solubility and corrosion rates within the ranges set as KPI. 

Regarding microbiological control, a treatment program will be employed based on the 
continuous application of an oxidizing biocide (sodium hypochlorite), a non-oxidizing shock 
biocide, and a biodetergent. The significance of this treatment is evident in the following 
points: 

1. Microorganisms can reduce heat transfer due to organic matter accumulation in 
exchange areas i.e., biofouling. 

2. Microbiological fouling interferes with the action of corrosion inhibitors and can even 
lead to direct issues, such as with sulfate-reducing bacteria (Desulfovibrio). 

3. Depending on the species, it can lead to environmental health problems due to the 
presence of Legionella Pneumophila in the system. 

Table 12.1. describes the chemical products used and their function.    

Table 12.1. Overview of the chemical treatment program used.  

Chemical product Function 

Corrosion inhibitor Cathodic and anodic corrosion and scaling inhibitor.  

Dispersant Control of calcium phosphate, iron aluminium, and suspended solids.  

Biodetergent Enhances microbiological control program efficiency and keeps the 

system clean.  

Non-oxidizing biocide Broad-spectrum non-oxidizing biocide.  

Sulfuric acid pH control. Neutralizes carbonates and bicarbonates in the water, 

preventing calcium carbonate precipitation.  

Sodium hypochlorite Oxidizing biocide. Acts on contact and effectively controls 

microbiological growth.  

 
Annex 7 contains the MSDS for sodium hypochlorite and sulfuric acid from the Tarragona 

supplier Quifransa. MSDS for other products have not been included due to company 
confidentiality.  

Annex 3.3 describes the water quality monitoring program and Annex 4 describes the 
maintenance procedures for the installation. 
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13 Planification 

For the execution of this project, a Gantt chart has been created, illustrating the 
breakdown for each stage that comprising an engineering project. The project has been 
divided into various phases: 

­ Project basis definition: Different specific project objectives have been detailed, 
and the scope defined, identifying constraints and limitations. 

­ Preliminary design: Preliminary research has been carried out on different types 
of cooling towers in the market and the selection of a cooling system appropriate 
for cooling capacity and local climate factors. 

­ Design basis: Description of the operation process of the selected cooling tower 
and definition of its components. 

­ Detailed engineering: This phase involves developing detailed calculations, 
drawings, and technical specifications of the cooling tower. Materials, 
dimensions, and components to be used have been defined. 

­ Procurement process: Material required for constructing the new unit, such as 
distribution system, drift eliminators, fans, chemical products, etc., have been 
requested from different distributors. 

­ Tower construction: Site preparation and foundation, support structure 
construction, installation of tower components, chemical dosing systems, 
instrumentation, and electrical assembly. 

­ Commissioning: Verification of proper operation of all cooling tower systems and 
components, ensuring meeting requirements and standards before operation. 

­ Startup: System filling, flushing, disinfection, and passivation after 
commissioning. 

­ Chemical treatment: After startup, operational parameters will be adjusted, and 
regular chemical treatment will be initiated. 

­ Project delivery and closure: Official handover of the project to the client. 

Once the different parts of this project have been defined, the estimated total duration 
for implementing the cooling tower, from start to operation, will last approximately 10 months.  

The project execution diagram is shown in Figure 13.1.  
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Figure 13.1. Project planification.
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14 Priority order between the documents 

The priority of the documents are as follows:  

1. Report 
2. Annex 
3. Drawings  
4. Budget 
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1 Psychometrics  

Psychometrics is a branch of science that studies the thermodynamic properties of 
moist air and the effect of atmospheric humidity on materials and human comfort. This air, 
known as moist air, is composed of a mixture of dry air and water vapour. 

Dry air is a mixture of various gases. Its general composition is as follows: 

­ Nitrogen: 77% 
­ Oxygen: 22% 
­ Carbon dioxide and other gases: 1% 

In relation to its temperature, air has the property of retaining a certain amount of 
water vapour. At lower temperatures, there is less vapour, and conversely, at higher 
temperatures, there is more water vapour, if the pressure is kept constant at atmospheric 
pressure. 

To determine thermodynamic properties, a psychrometric chart has been used. It is a 
chart that allows you to evaluate the state of the air when some of the variables that relate 
to the mixture of air and water vapour change. A different chart can be used depending on 
altitude and pressure. The following figure shows a psychrometric chart. 

 

Figure 1.1 Psychrometric chart. 

The parameters involved in evaluating moist air using the psychrometric chart are: 

- Dry-bulb temperature: Represented on the horizontal axis of the 
psychrometric chart (shown as a red line). It is the temperature read from a 
common thermometer, measured in degrees Celsius (°C). 

- Wet-bulb temperature: Calculated on the psychrometric chart by drawing a 
sloped line to the saturation curve and projecting its intersection onto the 
horizontal axis. Measured in degrees Celsius (°C). 
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- Dew point temperature: This is the temperature to which the air must be 
cooled for water vapour to begin condensing. A horizontal line is drawn from 
a given point to the saturation curve, and its projection on the horizontal axis 
has been determined. 

- Specific humidity or humidity ratio (W): Determined on the graph along the 
vertical axis (represented in yellow on the graph). It represents the actual 
water content in the air, measured in grams of water vapour per kilogram of 
dry air (g/kg). 

- Relative humidity (RH): It is the ratio of the water vapor pressure in the air 
(specific humidity W) to the saturation vapor pressure (Ws) that the air could 
hold at the same temperature. On the psychrometric chart, it is represented 
by purple curves that go from left to right and bottom to top. It is 
dimensionless, presented as a percentage. 

- Saturation curve: Represents 100% relative humidity. 

- Enthalpy: It is the amount of energy contained in the moist air at a 
temperature above zero degrees Celsius. The unit of measurement is kJ/kg of 
dry air. Enthalpy for a point on the chart has been calculated by projecting 
the sloped line to the enthalpy lines on the left side of the saturation curve. 
The green line in the figure represents this. 

- Specific volume: This is the volume occupied by the air, measured in cubic 
meters per kilogram of dry air. Its units are m³/kg. On the psychrometric 
chart, it is read using blue sloped lines originating from the right side of the 
horizontal axis, going from right to left and bottom to top. 
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2 Calculations 

2.1 Calculation of fundamental parameters of the cooling tower 

2.1.1 Inlet dry bulb temperature 

Dry bulb temperature is the temperature measured in a dry environment, without 
humidity.  

To determine this parameter, the dry temperatures average during the summer of 
2022 in Tarragona has been calculated. Only these temperatures have been considered 
because the summer season is the most unfavourable for a cooling tower. It is more 
challenging to cool the water. In the following table, the dry bulb temperatures average for 
the hottest months can be observed.   

Table 2.1. Dry bulb temperature in Tarragona in 2022. 

 June July August 

2022 23.3ºC 25.7ºC 26ºC 

The reference value for the dry bulb temperature is the average, which has a value of 
25°C. It is represented as p1 in Figure 2.1.  

2.1.2 Inlet wet bulb temperature  

Wet bulb temperature is the temperature reached by a small mass of liquid water 
submerged in a continuous stream of gas. 

The inlet wet bulb temperature has been obtained from the dry bulb temperature 
(ambient temperature) and the relative humidity. The value has been obtained from the 
psychrometric chart at atmospheric pressure and sea level. 

As shown in Figure 2.1, p2 represents the inlet wet bulb temperature, with a value of 
21°C.  

2.1.3 Approach  

Another important parameter is the approach (a). It is the difference between the 
outlet cold water temperature of the cooling tower and the inlet wet bulb temperature of the 
air.  

𝑎 = 𝑇𝑤𝑜𝑢𝑡 − 𝑇𝑤𝑏𝑖𝑛      (1) 

𝑎 = 26 − 21 = 5ο𝐶     (2) 

2.1.4 Range 

The difference between the inlet hot water and outlet cold water temperature is known 
as the thermal range or temperature differential. 

∆𝑇 = 𝑇𝑤𝑖𝑛 − 𝑇𝑤𝑜𝑢𝑡     (3) 

∆𝑇 = 32 − 26 =  6ο𝐶     (4) 

2.1.5 Outlet dry and wet bulb temperature  

The outlet wet bulb temperature (Twb,out) is the same as the outlet dry bulb 
temperature (Td,out) because air saturation occurs, and this is also the inlet dry bulb 
temperature plus the approach. 
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𝑇𝑤𝑏𝑜𝑢𝑡 = 𝑇𝑑𝑜𝑢𝑡 = 𝑇𝑑𝑖𝑛 + 𝑎    (5) 

However, it is important to consider that there are losses due to entrainment (0.01%) 
and other factors that affect the tower outlet temperature. Therefore, the outlet wet bulb 
temperature has been calculated as follows:  

𝑇𝑤𝑏𝑜𝑢𝑡 = 0.999 ∗ (𝑇𝑑𝑖𝑛 + 𝑎)    (6) 

𝑇𝑤𝑏𝑜𝑢𝑡 = 0.999 ∗ (25 + 5) =  30ο𝐶   (7) 

The values of wet bulb and dry bulb temperatures at the outlet correspond to point p3 
in Figure 2.1. 

2.1.6 Other parameters  

Once the inlet and outlet dry and wet bulb temperatures have been defined, the same 
program is also providing us with other fundamental parameters, such as humidity ratio, dew 
point temperature, humid air densities, inlet and outlet enthalpies and specific volumes. 
Table 2.2. shows the results. 

Table 2.2. Fundamental parameters extracted from the psychrometric chart.  

Parameter Symbol Value 

Inlet humidity ratio (g/kg dry air) Win 13.9 

Outlet humidity ratio (g/kg dry air) Wout 27.2 

Dew point temperature (ºC) Tr 19.1 

Inlet enthalpy (kJ/kg dry air) hin 60.6 

Outlet enthalpy (kJ/kg dry air) hout 99.7 

Inlet specific volume (m3/kg dry air) vin 0.8635 

Outlet specific volume (m3/kg dry air) vout 0.8964 

Inlet humid air density (kg/m3) 𝜌𝑤𝑎𝑖𝑛
 1.1742 

Outlet humid air density (kg/m3) 𝜌𝑤𝑎𝑜𝑢𝑡
 1.1460 

 

From the inlet and outlet humid air density, the dry air density can also be determined 
using the following equation:  

𝜌𝑑𝑎 =  𝜌𝑤𝑎 · 𝜒𝑑𝑎     (8) 

Where the fraction of dry air is:  

𝜒𝑑𝑎 =
1

1+𝑊
      (9) 

Therefore, the inlet density of dry air of the cooling tower will be:  

𝜌𝑑𝑎,𝑖𝑛 =  1.1742 ·
1

1+0.0139
= 1.1581

𝑘𝑔 𝑑.𝑎

𝑚3    (10) 

And the outlet: 

𝜌𝑑𝑎,𝑜𝑢𝑡 =  1.1460 ·
1

1+0.0272
= 1.1157

𝑘𝑔 𝑑.𝑎

𝑚3    (11) 
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Figure 2.1. Determination of fundamental parameters using the psychrometric chart.
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2.1.7 Calculation of L/G ratio  

The L/G ratio of a cooling tower is the relationship between the water and the air flow 
circulating through the cooling circuit. It is the fundamental basis for determining the 
characteristic curve of a cooling tower. To obtain this value, it is necessary to perform an 
energy balance on a differential surface of the fill. To do this, one must first understand how 
heat is transferred from water. Heat from water is transferred in three ways: 

­ Through radiation (qR). Heat is transferred through the external surface of the 
drop, which heats the interface. It is considered negligible due to its low 
thermal level. 

­ Through conduction (qC). The amount transferred depends on the temperature 
difference between the two phases, reaching at most one-third of the total heat 
achieved. 

­ Through the evaporation (qe) of a quantity of water. This is the most important 
process.  

 

Figure 2.2. Transfer process diagram of a drop. 

The following variables have been defined and shown in Table 2.3.  

Table 2.3. Definition of initial variables.   

Variable Symbol Unit 

Inlet water flow L kg/h 

Inlet water temperature Twin ºC 

Outlet water temperature Twout ºC 

Make-up water temperature Tm ºC 

Make-up water flow W kg/h 

Inlet air flow G kg/h 

Inlet air enthalpy hin kJl/kg 

Outlet air enthalpy hout kJ/kg 

Specific heat of water Cpw kJ/kg ºC 

 

The general energy balance of the system has been defined as:   

𝐿 · 𝐶𝑝𝑤 · 𝑇𝑤𝑖𝑛 + 𝐺 · ℎ𝑖𝑛 + 𝑊 · 𝐶𝑝𝑤 · 𝑇𝑚 = 𝐿 · 𝐶𝑝𝑤 · 𝑇𝑤𝑜𝑢𝑡 + 𝐺 · ℎ𝑜𝑢𝑡 (12) 

And the energy balance on a differential surface of the fill:  
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𝑑𝑞 = 𝐿 · 𝐶𝑝𝑤 · 𝑑𝑡 = 𝐺 · 𝑑ℎ     (13)

  

 

Figure 2.3 Energy balance on a differential surface of the fill. 

As observed in equation 13, the heat given off by the water is equal to the heat 
absorbed by the air. 

𝐿 · 𝐶𝑝𝑤 · (𝑇 − 𝑇𝑤𝑜𝑢𝑡) = 𝐺 · (ℎ − ℎ𝑖𝑛)   (14) 

Isolating the enthalpy (h) in the equation:  

ℎ =
𝐿

𝐺
· 𝐶𝑝𝑤 · 𝑇 + (ℎ𝑖𝑛 −

𝐿

𝐺
· 𝐶𝑝𝑤 · 𝑇𝑤𝑜𝑢𝑡)  (15) 

The above equation represents the equation of a line with a slope of  
𝐿

𝐺
· 𝐶𝑝𝑤 and a y-

intercept of ℎ𝑖𝑛 −
𝐿

𝐺
· 𝐶𝑝𝑤 · 𝑇𝑤𝑜𝑢𝑡. This is the operating line.  

The operating line of the system has been represented by the inlet and outlet water 
temperatures and the inlet and outlet air enthalpies.  

 

Figure 2.4. Cooling tower operation diagram, graph of enthalpy vs. temperature. 

To obtain the L/G ratio, the value of the slope has been equated with 
𝐿

𝐺
· 𝐶𝑝𝑤. 

𝑠𝑙𝑜𝑝𝑒 =
𝐿

𝐺
· 𝐶𝑝𝑤     (16) 

𝐿

𝐺
=

6.5167

4.181
= 1.559     (17) 
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2.1.8 Number of transfer units  

Finally, the Number of Transfer Units (NTU) has been determined. It can be said that 
the transfer unit is an index of the absorption required to meet the cooling tower 
requirements.  

Starting from equation 13:  

𝑑𝑞 = 𝐿 · 𝐶𝑝𝑤 · 𝑑𝑡 = 𝐺 · 𝑑ℎ = 𝑑𝑞𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑜𝑛 + 𝑑𝑞𝑒𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛  (18) 

The heat of conduction has been defined by Fourier's law:  

𝑑𝑞𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑜𝑛 = ℎ𝑐 · 𝑎 · 𝑑𝑉 · (𝑇′ − 𝑇)   (19) 

where:  

hc: film coefficient (kcal/h m2 ºC) 

a: contact surface area for air-water per unit volume 

V: volume of the fill 

T': interface temperature of air-water 

T: air temperature 

 

The heat of evaporation has been defined as follows: 

𝑑𝑞𝑒𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛 = 𝑘 · (𝑥𝑠 − 𝑥) · 𝑎 · 𝑑𝑉 · 𝜆𝑣   (20) 

Where:  

k: mass transfer coefficient, amount of mass transferred between water and air per 
unit area and unit difference in specific humidities 

a: contact surface area for air-water per unit volume 

V: volume of the fill 

xs: specific humidity of the air-water interface 

x: specific humidity of the air 

𝜆𝑣: latent heat of vaporization 

 

Both equations have been substituted into the balance equation.  

𝑑𝑞 = ℎ𝑐 · 𝑎 · 𝑑𝑉 · (𝑇′ − 𝑇) + 𝑘 · (𝑥𝑠 − 𝑥) · 𝑎 · 𝑑𝑉 · 𝜆𝑣  (21) 

In turn, the mass transfer coefficient (k) can be approximated as hc/Cpw, therefore:  

ℎ𝑐 = 𝑘 · 𝐶𝑝𝑤      (22) 

𝑑𝑞 = 𝑘 · 𝐶𝑝𝑤 · 𝑎 · 𝑑𝑉 · (𝑇′ − 𝑇) + 𝑘 · (𝑥𝑠 − 𝑥) · 𝑎 · 𝑑𝑉 · 𝜆𝑣  (23) 

Factoring the equation above:  

𝑑𝑞 = 𝑘 · 𝑎 · 𝑑𝑉 · (𝑇′ · 𝐶𝑝𝑤 − 𝑇 · 𝐶𝑝𝑤) + 𝑘 · 𝑎 · 𝑑𝑉 · (𝑥𝑠·𝜆𝑣 − 𝑥 · 𝜆𝑣)  (24) 

The enthalpy of air has been defined as:  

ℎ = 𝐶𝑝𝑤 · 𝑇 + 𝑥 · 𝜆𝑣     (25) 

Substituting the air enthalpy equation:  
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𝑑𝑞 = 𝑘 · 𝑎 · 𝑑𝑉 · (ℎ𝑆 − ℎ) = 𝐿 · 𝐶𝑝𝑤 · 𝑑𝑡 = 𝐺 · 𝑑ℎ   (26) 

Equating each part of the above equation: 

𝑑𝑞

(ℎ𝑆−ℎ)
=  𝑘 · 𝑎 · 𝑑𝑉     (27) 

𝑑𝑡

(ℎ𝑆−ℎ)
=  

𝑘·𝑎

𝐿·𝐶𝑝𝑤
· 𝑑𝑉     (28) 

𝑑ℎ

(ℎ𝑆−ℎ)
=

 𝑘·𝑎

𝐺
· 𝑑𝑉      (29) 

Equation 29 corresponds to the Merkel equation, which is a fundamental equation for 
the calculation used in cooling towers.  

∫
𝑑ℎ

(ℎ𝑆−ℎ)

ℎ𝑠

ℎ0
=

 𝑘·𝑎

𝐺
· ∫ 𝑑𝑉

𝑉

0
     (30) 

Integrating the above equation:  

∫
𝑑ℎ

(ℎ𝑆−ℎ)

ℎ𝑠

ℎ0
=

 𝑘·𝑎

𝐺
· 𝑉     (31) 

V represents the volume of the fill, which in turn can be defined as area times height. 
Isolating the fill height:  

𝑧 =
 𝐺

𝑘·𝑎·𝐴
· ∫

𝑑ℎ

(ℎ𝑆−ℎ)

ℎ𝑠

ℎ0
     (32) 

Bibliographically, this expression is known as the height of transfer per number of 
transfer unit: 

𝐻𝑇𝑈 =  
 𝐺

𝑘·𝑎·𝐴
     (33) 

𝑁𝑇𝑈 =  ∫
𝑑ℎ

(ℎ𝑆−ℎ)

ℎ𝑠

ℎ0
     (34) 

𝑧 = 𝐻𝑇𝑈 · 𝑁𝑇𝑈     (35) 

The parameter HTU will be calculated in the fill section. 

To determine NTU, the integral has been solved (see table 2.4). A step size of 0.1 ºC 
has been used to increase result precision. NTU corresponds to the area between the 
equilibrium curve and the operating line, which is known as the "driving force" (see figure 
2.5). 

 

Figure 2.5. NTU graph definition. 
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Table 2.4. NTU calculation.  

T (ºC) 
h* 

(kJ/kg) 
h 

(kJ/kg) 
h*-h 1/ h*-h ∆ h Average 

Average· 
∆ h 

26.0 80.1 60.6  19.5 5.12E-02   

26.1 80.6 61.3 0.7 19.3 5.18E-02 5.15E-02 3.36E-02 

26.2 81.0 61.9 0.7 19.1 5.24E-02 5.21E-02 3.39E-02 

26.3 81.4 62.6 0.7 18.9 5.29E-02 5.27E-02 3.43E-02 

26.4 81.9 63.2 0.7 18.7 5.35E-02 5.32E-02 3.47E-02 

26.5 82.3 63.9 0.7 18.5 5.41E-02 5.38E-02 3.51E-02 

26.6 82.8 64.5 0.7 18.3 5.47E-02 5.44E-02 3.55E-02 

26.7 83.2 65.2 0.7 18.1 5.53E-02 5.50E-02 3.58E-02 

26.8 83.7 65.8 0.7 17.9 5.59E-02 5.56E-02 3.62E-02 

26.9 84.2 66.5 0.7 17.7 5.65E-02 5.62E-02 3.66E-02 

27.0 84.6 67.1 0.7 17.5 5.72E-02 5.68E-02 3.70E-02 

27.1 85.1 67.8 0.7 17.3 5.78E-02 5.75E-02 3.74E-02 

27.2 85.5 68.4 0.7 17.1 5.84E-02 5.81E-02 3.79E-02 

27.3 86.0 69.1 0.7 16.9 5.91E-02 5.87E-02 3.83E-02 

27.4 86.5 69.7 0.7 16.7 5.97E-02 5.94E-02 3.87E-02 

27.5 86.9 70.4 0.7 16.6 6.04E-02 6.01E-02 3.91E-02 

27.6 87.4 71.0 0.7 16.4 6.10E-02 6.07E-02 3.96E-02 

27.7 87.9 71.7 0.7 16.2 6.17E-02 6.14E-02 4.00E-02 

27.8 88.4 72.3 0.7 16.0 6.24E-02 6.21E-02 4.04E-02 

27.9 88.8 73.0 0.7 15.8 6.31E-02 6.28E-02 4.09E-02 

28.0 89.3 73.6 0.7 15.7 6.38E-02 6.34E-02 4.13E-02 

28.1 89.8 74.3 0.7 15.5 6.45E-02 6.41E-02 4.18E-02 

28.2 90.3 74.9 0.7 15.3 6.52E-02 6.49E-02 4.23E-02 

28.3 90.8 75.6 0.7 15.2 6.59E-02 6.56E-02 4.27E-02 

28.4 91.2 76.2 0.7 15.0 6.67E-02 6.63E-02 4.32E-02 

28.5 91.7 76.9 0.7 14.8 6.74E-02 6.70E-02 4.37E-02 

28.6 92.2 77.5 0.7 14.7 6.81E-02 6.78E-02 4.42E-02 

28.7 92.7 78.2 0.7 14.5 6.89E-02 6.85E-02 4.46E-02 

28.8 93.2 78.9 0.7 14.4 6.96E-02 6.92E-02 4.51E-02 

28.9 93.7 79.5 0.7 14.2 7.04E-02 7.00E-02 4.56E-02 

29.0 94.2 80.2 0.7 14.1 7.11E-02 7.08E-02 4.61E-02 

29.1 94.7 80.8 0.7 13.9 7.19E-02 7.15E-02 4.66E-02 
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29.2 95.2 81.5 0.7 13.8 7.27E-02 7.23E-02 4.71E-02 

29.3 95.7 82.1 0.7 13.6 7.35E-02 7.31E-02 4.76E-02 

29.4 96.2 82.8 0.7 13.5 7.43E-02 7.39E-02 4.81E-02 

29.5 96.7 83.4 0.7 13.3 7.51E-02 7.47E-02 4.87E-02 

29.6 97.2 84.1 0.7 13.2 7.59E-02 7.55E-02 4.92E-02 

29.7 97.8 84.7 0.7 13.0 7.67E-02 7.63E-02 4.97E-02 

29.8 98.3 85.4 0.7 12.9 7.75E-02 7.71E-02 5.02E-02 

29.9 98.8 86.0 0.7 12.8 7.83E-02 7.79E-02 5.08E-02 

30.0 99.3 86.7 0.7 12.6 7.91E-02 7.87E-02 5.13E-02 

30.1 99.8 87.3 0.7 12.5 7.99E-02 7.95E-02 5.18E-02 

30.2 100.4 88.0 0.7 12.4 8.07E-02 8.03E-02 5.23E-02 

30.3 100.9 88.6 0.7 12.3 8.16E-02 8.12E-02 5.29E-02 

30.4 101.4 89.3 0.7 12.1 8.24E-02 8.20E-02 5.34E-02 

30.5 101.9 89.9 0.7 12.0 8.32E-02 8.28E-02 5.40E-02 

30.6 102.5 90.6 0.7 11.9 8.41E-02 8.36E-02 5.45E-02 

30.7 103.0 91.2 0.7 11.8 8.49E-02 8.45E-02 5.50E-02 

30.8 103.6 91.9 0.7 11.7 8.57E-02 8.53E-02 5.56E-02 

30.9 104.1 92.5 0.7 11.6 8.66E-02 8.61E-02 5.61E-02 

31.0 104.6 93.2 0.7 11.4 8.74E-02 8.70E-02 5.67E-02 

31.1 105.2 93.8 0.7 11.3 8.82E-02 8.78E-02 5.72E-02 

31.2 105.7 94.5 0.7 11.2 8.90E-02 8.86E-02 5.78E-02 

31.3 106.3 95.1 0.7 11.1 8.99E-02 8.95E-02 5.83E-02 

31.4 106.8 95.8 0.7 11.0 9.07E-02 9.03E-02 5.88E-02 

31.5 107.4 96.4 0.7 10.9 9.15E-02 9.11E-02 5.94E-02 

31.6 107.9 97.1 0.7 10.8 9.23E-02 9.19E-02 5.99E-02 

31.7 108.5 97.7 0.7 10.7 9.31E-02 9.27E-02 6.04E-02 

31.8 109.0 98.4 0.7 10.6 9.40E-02 9.35E-02 6.10E-02 

31.9 109.6 99.1 0.7 10.6 9.48E-02 9.44E-02 6.15E-02 

32.0 110.2 99.7 0.7 10.5 9.55E-02 9.51E-02 6.20E-02 

      NTU 2.814 

 

The value of the transfer unit number obtained is 2.814. 
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2.1.9 Water flow balance  

Once the L/G ratio is known, the water flow balance can be performed. 

The rate of the air mass flow circulating in the tower is (assuming water density is 
1,000 kg/m³):   

𝐿 =
2,500

𝑚3

ℎ
·1,000

𝑘𝑔 𝑤𝑎𝑡𝑒𝑟

𝑚3 ·

3,600 𝑠
= 694.4

𝑘𝑔 𝑤𝑎𝑡𝑒𝑟

𝑠
   (36) 

𝐺 =
694.4

𝑘𝑔 𝑤𝑎𝑡𝑒𝑟

𝑠
·

1.559
= 445.6

𝑘𝑔 𝑑𝑟𝑦 𝑎𝑖𝑟

𝑠
   (37) 

And with the dry air density, the air flow rate becomes: 

𝐺 =
445.6

𝑘𝑔 𝑑𝑎

𝑠

 1.1581
𝑘𝑔 𝑑𝑎

𝑚3

= 384.7
𝑚3

𝑠
     (38) 

The amount of evaporated water can also be calculated:   

𝑚𝑒𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒 𝑤𝑎𝑡𝑒𝑟 = 𝐺 · (𝑊1 − 𝑊2)    (39) 

𝑚𝑒𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒 𝑤𝑎𝑡𝑒𝑟 = 445.6 · (0.0272 − 0.0139) = 5.93
𝑘𝑔 𝑤𝑎𝑡𝑒𝑟

𝑠
  (40) 

Another characteristic value used for cooling towers is to calculate the cycles of 
concentration using equation 41.  

𝐶 =
𝐸+𝐵+𝐷

𝐵+𝐷
      (41) 

Where: 

E is the evaporation rate, B is the blowdown rate, and D is the drift rate.  

A value of 4 concentration cycles has been established, as this value typically falls 
within the range of 3-8.  

Evaporation losses represent the amount of water evaporated. The theoretical 
evaporation amount is 1.8 m³ for every 1,000,000 kCal of rejected heat.  

𝐸 =  0.0085 · 1,8 · 𝐿 · (𝑇𝑤𝑖𝑛 − 𝑇𝑤𝑜𝑢𝑡)    (42) 

𝐸 = 0.0085 · 1.8 · 2,500 · (32 − 26)  = 22.95
𝑚3

ℎ
   (43) 

Drift losses depend on the design of the droplet eliminators. Most modern eliminators 
exhibit a drift loss efficiency lower than 0.01% of the recirculating flow rate: 

𝐷 = 𝐿 · 0.01%     (44) 

𝐷 = 2,500 · 0.01% = 0.25
𝑚3

ℎ
    (45) 

Blowdown flow rate is the rate at which water is extracted to maintain the appropriate 
concentration of salts in the system. It has been obtained using equation 41.   

𝐵 =
𝐸

𝐶−1
      (46) 

𝐵 =
22.95

4−1
= 7.65 

𝑚3

ℎ
     (47) 

Make-up flow rate is the amount of water that needs to be replenished in the system 
to initiate a new cycle:  

𝑀 = 𝐸 + 𝐵 + 𝐷      (48) 

𝑀 = 22.95 + 7.65 + 0.25 = 30.85
𝑚3

ℎ
    (49) 
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2.2 Sizing of the cooling tower  

2.2.1 Cooling tower area 

Firstly, the area of the cooling tower is calculated. To obtain this value, the specific 
water flow rate i.e., total flow rate divided by the water dispersion area, must be defined. 
Typically, values between 12 and 18 m³/h/m² are considered. A design flow rate of 15 
m³/h/m² has been chosen.  

Based on a 20% oversizing, the cooling tower area will be: 

𝐴 =
𝑄𝑐𝑜𝑜𝑙𝑒𝑑

𝑄𝑑𝑒𝑠𝑖𝑔𝑛
· 1.20     (50) 

𝐴 =
2,500

15 
· 1.20 = 200 𝑚2      (51) 

It has been determined that there will be 2 cells and the surface area of each cell will 
be:  

𝐴𝑐𝑒𝑙𝑙 =
𝐴

𝑁º 𝑐𝑒𝑙𝑙𝑠
     (52) 

𝐴𝑐𝑒𝑙𝑙 =
200

2
= 100 𝑚2     (53) 

Assuming each cell has a width of 10 m, the length of each cell will be:  

𝐿𝑐𝑒𝑙𝑙 =
𝐴𝑐𝑒𝑙𝑙

𝑊
      (54) 

𝐿𝑐𝑒𝑙𝑙 =
100

10
= 10.0 𝑚     (55) 

2.2.2 Air inlet height  

Initially, to determine the total height of the cooling tower, the inlet air height has 
been calculated. 

The equation used to determine the air inlet height is: 

𝐻𝑖𝑛𝑙𝑒𝑡 𝑎𝑖𝑟𝑒 =
𝐺 (

𝑚3

𝑠
)

𝑣𝑎𝑖𝑟(
𝑚

𝑠
)·𝑛𝑜𝑒𝑛𝑡𝑟𝑖𝑒𝑠·𝐿·𝑛𝑜𝑐𝑒𝑙𝑙𝑠

    (56) 

Where: 

G is the volumetric flow rate of dry air. 

Vair is the recommended velocity of entry air, 5 m/s. 

L is 10m, as calculated previously. 

Nº of entries corresponds to the number of entries per cell, set to 1 according to the 
manufacturer's criteria. 

Nº of cells = 2.  

 

The air inlet height will be: 

𝐻𝑖𝑛𝑙𝑒𝑡 𝑎𝑖𝑟 =
384.7

5·1·10·2
= 3.8 𝑚    (57) 
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2.2.3 Fill (Heat transfer) 

Previously, for the NTU calculation, the equation 35 has been defined.   

Typically, the fill height (z) falls within the range of 1.5 – 3 m. Assuming a value of 2 
m, the height of transfer will be:   

𝐻𝑇𝑈 =
2

2.828
= 0.71 𝑚     (58) 

2.2.4 Water distribution system   

The distribution system collects water from the collector, which has a diameter of 0.5 
m. With this information, the inlet water velocity has been determined.  

𝑣𝑖𝑛 𝑎𝑖𝑟 =
𝐿

𝑛º 𝑐𝑒𝑙𝑙𝑠

𝐴𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑜𝑟
     (59) 

The collector area has been defined as:  

𝐴𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑜𝑟 = 𝜋 · (
𝐷

2
)

2
     (60) 

𝑣𝑖𝑛 𝑎𝑖𝑟 =
2,500

2

𝜋·(
0.5

2
)

2 = 6,366.2
𝑚

ℎ
= 1.77

𝑚

𝑠
    (61) 

2.2.5 Cold water basin 

To size the tower basin, the number of cells must be considered, and an additional 1 
meter should be considered on both sides of the larger dimension. A height of 1.5 meters 
has been assumed. The volume of the basin will be:  

𝑉𝑏𝑎𝑠𝑖𝑛 = (10 + 1 + 1) · 10 · 1.5 · 2 𝑐𝑒𝑙𝑙𝑠 = 360 𝑚3   (62) 

2.2.6 Fan 

To size the fans of the cooling tower, the inlet air flow rate has been calculated. Each 
cell has a fan, therefore the air flow rate per cell will be:  

𝐺 =
445.5

𝑘𝑔

𝑠

 1.1581
𝑘𝑔

𝑚3

= 384.7
𝑚3

𝑠
      (63) 

𝐺 =
384.7

𝑚3

𝑠

 2
= 192.4

𝑚3

𝑠
      (64) 
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3 Chemical treatment 

3.1 Key Performance Indicators (KPIs) 

These are parameters in the cooling system identified as indicators of the efficiency of 
the chemical treatment. These parameters provide information about the potential need for 
adjustments to work within the specifications without compromising the condition of the 
circuit. 

Assuming that the treatment program has been designed to protect the system against 
corrosion, scaling, and bacterial growth, the following KPIs have been established: 

A. Corrosion 

­ Soluble iron/turbidity: The presence of soluble iron in the system correlates 
with potential corrosion in the circuit, as iron is a byproduct of 
corrosion/erosion. Turbidity indicates the level of iron in the water and can 
also detect microbiological problems, circuit contaminations, or salt 
precipitation. 

Table 3.1. Soluble iron and turbidity specification values.  

 Specification value 

Iron value ≤ 0.5 ppm 

Turbidity < 15 NTU* 
* The turbidity specification value, in NTU, is regulated by Royal Decree 487/2022 for Legionellosis 

Prevention, and therefore, these recommendations are followed. 

­ Corrosion rate for Ac/Cu: Online monitoring of corrosion rate through 

installed probe. 
 

B. Bacterial growth 

­ Dip-slides: Weekly microbiological control has been performed using the dip-
slide technique to quantify the presence of aerobic bacteria. 

Table 3.2.  Bacterial growth specification values.  

 Control range 

Microbiological count, aerobic bacteria < 10,000 CFU/ml 

Legionella Pneumophilia <50 CFU/L 

3.2 Key Control Indicators (KCIs) 

The variability of the following parameters can put significant stress on the system; 
therefore, their monitoring is essential to ensure that they remain within the established 
optimal ranges. If reference limits are exceeded, corrective actions must be taken to restore 
the variable to control levels. 

A. pH. 

The pH of the cooling water is a measure of the acid-base balance and is one of 
the most important factors in the treatment program for cooling systems. Based 
on the pH scale values, water has been classified as shown in Table 3.3. 
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Table 3.3. Water character classification based on pH.  

pH Tendency 

5.5 – 6.0 Very aggressive 

6.0 – 7.0 Aggressive 

7-0 – 7.5 Moderate 

> 7.5 Easier to treat even compared at the same Tª 

 

Wide fluctuations in the pH values indicate a potential risk of corrosion due to 
acid-induced corrosion/incrustation caused by minerals. Since mineral 
concentration and alkalinity increases due to the evaporation process, the 
addition of acid is often required to maintain the pH within the recommended 
control range. 

 
Figure 3.1. Corrosion/incrustation tendencies in relation to pH variations.  

 
Significantly high or low pH levels can quickly lead to significant problems in 
system efficiency and even increased operating costs. 
pH control has been carried out using 2 online analysers and maintain a control 
range between 7.4-7.6 units. The control system differentiates the higher pH 
value to control sulfuric acid dosing, and the lower pH value favours the 
microbiological strategy. It works at a pH value where the dissociation of NaClO 
favours hypochlorous acid (HOCl-, biocidal action). 

 

B. Conductivity/ Hardness. 

This parameter refers to the concentration of dissolved salts in the water. Higher 
concentration causes higher conductivity, and poor adjustment of this KCI can 
eventually lead to scaling, corrosion, reduced heat transfer, and energy loss. 
The optimal control range of conductivity/hardness is maintained by adjusting the 
blowdown flow rate; for example, when concentrations are too low, the 
blowdown is reduced.  
 

C. Chlorine residual. 

Hypochlorite is the most commonly used oxidizing biocide for microbiological 
control. However, poor adjustment of chlorine or other oxidizing agents may 
introduce new issues in the system, possibly more counterproductive than the 
bacteria themselves. For example, a biocide deficit can lead to incomplete 
disinfection and significant microbiological slime problems. Conversely, an excess 
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of oxidizing agent can trigger corrosion problems and interfere with the chemical 
behaviour of some water treatment programs. 
The amount of oxidizing biocide in the system is generally controlled by adjusting 
the amount of chemical injection and based on the values measured by the online 
analyser. 
Chlorine addition is the most important parameter for microbiological control in a 
system. To prevent microbial growth in the system, and in accordance with RD 
487/2022, it is recommended that chlorine residual values be maintained between 
0.5-0.9 ppm.  
 

D. Concentration cycles. 

The number of cycles depends on the quality of the makeup water and whether 
calcium, chlorides, or conductivity is kept within the limits in the recirculating 
water. Theoretically, evaporation in the cooling tower is pure water, so all 
dissolved ions will become concentrated in the system. When the concentration of 
ions exceeds solubility in water, there is a significant risk of scaling, corrosion, 
deposition, and inefficient system operation. 
Concentration cycles must be controlled and stay within a range that represents 
low stress. In terms of scaling, inhibitors can help prevent this phenomenon. The 
goal of this method is to optimize concentration cycles so as to minimize water 
consumption, optimize chemical treatment required, and, at the same time, keep 
scaling under control.  
 

E. Residual chemicals. 

Monitoring the residual chemicals inhibitors for corrosion and scaling is necessary 
to track the product concentration and the effectiveness of the chemical 
treatment.  

3.3 Monitoring of water quality control variables 

In order to ensure that the treatment achieves its objectives of preventing corrosion, 
scaling, and microbiological fouling, compliance with the following limit values established in 
the different control parameters and variables must be ensured.  
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Table 3.3. Optimal control ranges for different KCIs.  

Parameter Limit value Actions 

pH 7.4 – 7.6 If pH is at 7.5 ± 0.2 or 7.0 – 7.2 / 7.7 – 7.9 

1. Verify redundant pH meter readings. 

2. In case of discrepancy between values, notify the 
analyser team for calibration. 

3. Compare measurements between coincident analysers 
and values out of range ➔ check sulfuric acid dosing 
system. 

Additionally, the decrease in the acid tank level and 
consumption will be checked. 

 

If pH < 7 or pH > 8.2, critical system 

If pH < 7.0: 

Immediately stop acid dosing. 

Open the blowdown valve to renew water as quickly as 
the makeup water allows. 

 

If pH > 8.2: 

Open the blowdown valve to reduce calcium hardness to 
900 ppm and 3 cycles of concentration. 

Verify the acid dosing for any obstruction 

Chlorine, Cl2 
(ppm) 

0.5 – 0.9 If > 0.9 or < 0.5 

1. Compare online analyser value with field analytical 
result (chlorine measurement in the field). 

2. In case of discrepancy between values, notify the 
analyser team for calibration. 

3. Compare measurements between coincident analysers 
and values out of range ➔ check sodium hypochlorite 
dosing system. 

If intervention of the dosing equipment is required, stop 
sodium hypochlorite dosing. If it takes more than 1 day, 
perform shocks of the non-oxidizing biocide. 

Calcium 
hardness, CaCO3 

(ppm) 

< 1300 If > open blowdown valve, if < close blowdown valve. 

If the blowdown valve cannot be opened due to any 
operational problem, adjust the pH value to 7.3 and 
increase the dispersant setpoint. Additionally, increase 
the corrosion inhibitor dosage. 

Soluble iron, Fe 
(ppm) 

≤ 0.5 If > 0.5 

1. Verify the operation of the side stream filter if the 
time between backwashes has decreased due to possible 
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loss of efficiency. 

2. If a malfunction of the filter is confirmed, readjust the 
chemical treatment dosage. 

3. If the filter is operating correctly, check the pH value 
in case it has dropped below 7 units. 

4. Check if the NaClO dosing is within range to ensure 
that the increase in iron is not due to overdosing. 

Turbidity (NTU) 15 If > 15 

1. Verify the operation of the side stream filter if the 
time between backwashes has decreased due to possible 
loss of efficiency. 

2. If a malfunction of the filter is confirmed, readjust the 
chemical treatment dosage. 

3. If the filter is operating correctly, verify the 
microbiological strategy in case the increase in turbidity 
is due to the formation of microbiological flocs. 

 

Bacteria (UFC/ml) 104 Adjust Cl2 dosage and range. 

Legionella < 50 Follow RD recommendations. 

Corrosion (Mild 
Steel/Cooper) 

(mpy) 

<1 / <0.1 If > review the corrosion inhibition program. 

1. First, check if corrosion is localized or general. 

2. Check chlorine values in the system to determine if 
there have been periods with high chlorine residuals that 
may have caused an increase in corrosion rates. 

3. Review the operation of the side stream filter as the 
impact of solids on under-deposit corrosion is known. 

4. Check the dosing of chemical additives in case values 
have been below the recommended limit. 
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4 Installation maintenance   

The Royal Decree 487/2022 establishes regulations and standards to prevent and 
control the spread of Legionella in cooling water systems. Within its directives, various 
aspects are addressed, from design and operation to maintenance and cleaning of cooling 
towers and evaporative condensers. The decree emphasizes the importance of risk 
assessment, regular inspections, water quality monitoring, and the implementation of 
appropriate measures to safeguard public health. Below, an excerpt of the maintenance 
requirements applicable to cooling towers has been included.  

4.1 Operating criteria  

In a cooling water system, temperature conditions typically cannot be modified as they 
depend on the system's design characteristics and ambient conditions. However, when 
external requirements allow, the system can provide water cooling without activating the 
fans. This results in energy savings and reduces the risk of Legionella dispersion, as not 
using fans prevents the propelling of air laden with water droplets to the outside. 

Automated systems can be implemented to gradually increase the air flow based on 
water temperature. Theoretically, variable-speed fans could be used, although in practice, 
due to economic reasons, these measures are not commonly adopted. 

When the installation operates intermittently and remains idle for periods shorter than 
a month, water with a biocide will be recirculated daily. If possible, this recirculation can 
occur with the fans turned off to ensure proper biocide distribution. 

4.2 Inspection 

During inspections of the installation, its proper functioning, conservation, and 
cleanliness will be checked. The inspection of all parts of the installation to verify their good 
operation will follow the periodicity outlined in Table 4.1. 
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Table 4.1. Periodicity inspections. 

Installation elements Periodicity 

Tray: It must be ensured that there is no general dirt, algae, sludge, 
corrosion, or deposits. The water should be clean. 

Monthly 

Fill: Absence of debris, algae, sludge, etc., should be verified. 
Additionally, its integrity should be checked. 

Biannually 

Pipes: To facilitate inspection, a detachable point should be available 
to review the interior surfaces, at least at one point, as a 
representation of the entire piping system. 

Biannually 

Drift eliminator: It must not have remnants of dirt, algae, or sludge, 
and should be correctly positioned on the support frame. Due to its 
importance, its proper installation and integrity will be ensured after 
each cleaning and disinfection. 

Minimum 
Annually 
(recommended 
biannually) 

Filters and other water treatment equipment: 
Verify that they are properly installed and in 
good hygienic condition. 

Supply filters Biannually 

Recirculation filters Monthly 

Other equipment Monthly 

Exterior of the unit: It should not suffer from corrosion and should 
exhibit structural integrity. 

Annually 

 

In general, the condition and cleanliness will be examined to identify the presence of 
sediment, scale, corrosion products, sludge, algae, or any other factors that may affect or 
potentially affect the proper functioning of the installation. If any deteriorated components 
are found, repair or replacement will be carried out. Additionally, the physicochemical and 
microbiological quality of the water in the system will be examined. 

Table 4.2. Water quality control parameters. 

Parameter Analysis method Periodicity 

Chlorine or biocide 
level 

Active ingredient Daily 

Temperature Direct reading thermometer Monthly 

pH Direct reading pH meter 

Conductivity Direct reading electrochemical probe 

Turbidity Turbidimeter 

Total iron Spectrophotometer 

Total aerobic count  According to ISO 6222 standard. Water 
quality. Enumeration of cultivable 
microorganisms. Colony count by 
planting on nutrient agar medium. * 

Monthly 

Legionella sp According to ISO 11731. Standard. Part 
1. Water quality. Detection and 
enumeration of Legionella.  

Minimum: quarterly.   

Approximately 15 days 
after any cleaning and 
disinfection.  
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* The ISO 6222 standard specifies two temperature levels. For cooling towers, analysis at 36ºC is sufficient as it is 
closest to the operating range of the installation.  

Additional parameters that are considered useful for determining water quality or 
evaluating the effectiveness of the water treatment maintenance program will be included if 
necessary.  

All determinations must be conducted by knowledgeable personnel using systems and 
instruments subject to quality control, proper calibrations, and accurate handling. 

4.3 Sampling protocol  

The sampling point in the installation is a crucial factor in ensuring the 
representativeness of the sample. The following guidelines should be considered for each 
parameter: 

Table 4.3. Sampling procedures. 

Parameter Sampling protocol 

Chlorine or 
biocide level 

Sample should represent the biocide concentration in the circuit. The 
sampling point should be away from the make-up water and the biocide 
injection point.  

- If the biocide is added at a point outside the main tank, the sample 
will be collected from the main basin.  

- If the biocide is added in the main basin, the sample will be 
collected from the tower return.  

The dosing regimen of biocides must be considered. When a minimum 
residual concentration is required due to the biocide type, the sample 
should be taken shortly before addition. 

For shock additions, such as non-oxidizing biocides where maintaining a 
minimum residual concentration is not necessary, the sampling should be 
performed a significant time after addition. The time interval will depend 
on the volume of water in the basin and the recirculation flow rate of the 
installation. 

pH Measured at the same point used for biocide analysis. 

Temperature Directly from the basin at a point far from the water inlet or from the 
return circuit, based on the installation characteristics or risk assessment. 
Consider the most unfavourable parameter value for the risk determination 
algorithm. 

Total iron 

Conductivity 

Turbidity 

Total aerobic 
count  

Samples should be collected in sterile containers with the appropriate 
neutralizer for the biocide used. A portion of the sample will be taken from 
the basin (away from the biocide addition point) and another portion from 
the return, forming a single sample for analysis. 

Legionella sp Samples should be collected in sterile containers with the appropriate 
neutralizer for the biocide used.  

A portion of the sample will be taken from the basin (away from the 
biocide addition point) and another portion from the return, forming a 
single sample for analysis. The total sample volume collected should be at 
least 1L. Measure water temperature, pH, and free chlorine content and 
record them in the sampling data. 
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It is important to note that these recommendations are general, and the sampling 
point will often depend on the design, installation characteristics, and other factors 
determined through risk assessment. Therefore, this aspect should be considered when 
conducting the risk assessment. 

4.4 Cleaning and disinfection 

During disinfection treatments, precautions must be taken to prevent risk situations for 
both the personnel performing the treatments and the users of the facilities. 

For workers, the provisions of the Occupational Risk Prevention Law and its regulations 
will be followed. Personnel should have completed authorized courses for conducting 
hygienic-sanitary maintenance operations for the prevention and control of legionellosis, as 
stated in Order SCO 317/2003, February 7. 

Three types of actions can be distinguished within the installation: 

1. Routine cleaning and disinfection program 
2. Shock cleaning and disinfection 
3. Cleaning and disinfection in case of Outbreak  

4.4.1 Cleaning and maintenance disinfection program 

This program aligns with continuous water treatment programs specified in Article 8.1 
of Royal Decree 487/2022 for installations with a higher likelihood of Legionella proliferation 
and dispersion. It can be carried out using chlorine, any other authorized biocide, or proven 
effective physical or physicochemical systems. 

Biocides are usually supplied in liquid or solid form and are continuously dosed. 
Continuous dosing involves using dosing pumps for liquids or continuous dilution of solid 
products to ensure automatic addition without manual intervention, providing a minimum 
residual biocide concentration as specified by the manufacturer. This residual concentration 
should be effective for Legionella disinfection in water. 

Dosing can be done through timed dosing pumps, proportional to the incoming water 
flow rate, or controlled by a biocide residual measurement probe. Manual periodic addition of 
biocide directly to the basin is not allowed. 

Annex 4 of Royal Decree 487/2022 requires determining the level of biocide or chlorine 
used in daily disinfection. Some biocides, like non-oxidizing ones, act as a one-time shock 
disinfection upon addition, depleting within a few hours. Periodic additions can be made to 
ensure continuous water disinfection. This implies that the residual concentration will vary, 
so the detected level may differ depending on when the water sample is taken for analysis. 

To control the proper dosing of such biocides, appropriate record-keeping systems, 
electronic or written, must be in place for daily biocide amounts added, in accordance with 
the manufacturer's and applicator's instructions. 

4.4.2 Cleaning and disinfection shock  

This corresponds to the annual preventive cleanings specified in Annex 4B General 
Procedure of Royal Decree 487/2022. 

The annex includes a protocol for chlorine use. For other biocides, they must be 
specifically authorized for use in shock treatments, and the protocol used should be 
documented according to manufacturer and applicator instructions. 
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Consistent with the general principle of Royal Decree 487/2022 that disinfection 
without thorough cleaning is ineffective, the installation must be stopped, and physical dirt 
must be removed. In exceptional cases where stopping is impossible, a shock disinfection 
can be conducted following the protocol defined in Annex 4B of Royal Decree 487/2022 (for 
chlorine use) for equipment that cannot be shut down. 

For the use of other biocides, they must be specifically authorized for use in Legionella 
treatments in that installation, and the protocol used should be documented according to 
manufacturer and applicator instructions. This protocol should account for higher 
concentrations and/or longer recirculation times (the duration of the shock biocide 
concentration) than those used in installations that can be stopped, to compensate for the 
lack of cleaning. 

4.4.3 Cleaning and disinfection in case of outbreak 

This corresponds to the cleanings specified in Annex 4C of Royal Decree 487/2022 
Procedure in Case of Outbreak. In this case, only the use of chlorine as a biocide is 
authorized. 

4.5 Assessment criteria for results 

The monitoring section lists various parameters to measure along with their reference 
values and corrective actions that can be taken in case of deviations. 

4.6 Troubleshooting associated with the installation 

Occasionally, cases arise in cooling towers and evaporative condensers where 
Legionella sp persists even after shock treatments are performed upon its detection. In these 
cases, it's necessary to inspect the installation for underutilized pipeline sections, stagnant 
branches, sections located below the drainage point, or those that cannot be adequately 
drained for some reason. 

Some installations have bypass pipeline sections that are only opened occasionally. 
These should be opened to ensure treatment of the internal water when circuit disinfection is 
carried out. 

Likewise, clogged sprayers can create stagnant points in spray ducts. Some 
installations have backup equipment, often with an automatic alternate operation system. 
Disinfection must ensure that all these equipment and associated sections have been 
treated. In such cases, changing the active ingredient of the disinfectant to a different one 
from the continuous treatment can be helpful. 

4.7 Description of records for the installations 

Maintenance records should be kept in these installations, including: 

­ Annotated installation diagram describing water flows. 
­ Performed maintenance operations, including inspections of various parts of the 

system. 
­ Water analysis in the basin, including daily biocide records (added or residual) 

for installations that use them. 
­ Cleaning-disinfection certificates. 
­ Risk assessment results. 

The content of the records and treatment certificates should conform to the 
specifications of Royal Decree 487/2022.   
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5 Data sheets 

5.1 Cooling tower  

 

   

1

1

COMPANY sep.-23

FACTORY Xènia Balagué

-

-

ITEM 1

DESCRIPTION

m3/h 2,500 2

ºC 32 m 8x10x10

ºC 26 m 12.5x23x10

ºC 21 m 1.5x23x10.5

ºC 25 m 3.8

% 70 m 2.4

m 0 m 3.0

m 8.0

Cell cros-section m2 100

kg/cm2 - Fill volume m3 240

- Nº of water inlets per cell - 1

MW 15 m 0.5

Centrifuges Nº of fans per cell - 1

Horizontals Fan diameter m 7.92

2+1 Airflow per fan m3/s 192.4

<150 kW - Number of transfer units 2.814

>150kW - Specific water flow rate m3/h/m2 15

yes L/G value - 1.559

yes Drif losses % 0.01

95dB at 1 m Evaporation losses flow m3/h 22.95

Make-up flow m3/h 30.85

Blowdown flow m3/h 7.65

NOTE 1 Nº cycles concentration - 4

FRP Laminar

RP PVC

FRP FRP beams

FRP PVC

PVC FRP beams

Concrete PVC

FRP PP

FRP

Chlorides

Iron

TurbidityTemperature Ambient <5 NTU

Hardness calcium 300 ppm

Access gateway to mechanical unit

<2000 microS/cmConductivity

1- Quality of make-up water. Water from the river Ebro will be used. The physico-chemical characteristics of this water are as 

follows: 

<1 ppm

NOTES

pH 7.8-8 <300 ppm

Cold water basin Ducts

Supports Sprinklers

Interior partitions Fill support

Cover Drift eliminators

Diffusers System water distribution

CONSTRUCTION MATERIALS (BY THE MANUFACTURER)

Structure Type of fill

Casing Fill material

Quality of make-up water

Permisible noise level on the ground

Access gateway to mechanical unit

Acces to the roof

Pump orientation

Nº of pumps

Voltage/Phase/Cycle

Avaiable space

Heat transfered Nominal diameter of water inlets

Type of pumps

Total tower height

Soil resistance

Dry bulb temperature (inlet) Air inlet height

Ambient relative humidity Total fill height

Altitude above sea level Fan cylinder height

Prevailing wind direction -
NE (40% time)

SE (20%time)

Hot water temperature (inlet) Cell dimensions

Cold water temperature (outlet) Overall dimensions tower

Wet bulb temperature (inlet) Inner dimensions basin

Counterflow induced draft cooling tower

OPERATING AND DESIGN CONDITIONS DESIGN (BY MANUFACTURER)

Circulating water flow rate Number of cells

PLANT Refinery
REVISED

APROVED

CT-7023 Nº UNITS

PROJECT TFM-xbalague
SPECIFICATION SHEET Nº

INDUCED DRAFT

COOLING TOWER

SHEET Nº

N/A DATE

N/A PREPARED
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5.2 Fan 
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5.3 Recirculating pump 
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5.4 Make-up pump 
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Cooling tower design  

Master’s Degree in Industrial Engineering, University Rovira & Virgili 47        47 

5.5 Sulfuric acid pump 
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5.6 Sodium hypochlorite pump 
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5.7 Chemical injection pump 
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6 Instrument list 

6.1 Flow 

Table 6.1. Flow instrument list. 

INSTRUMENT Nº FIT 1401 FIT 1402 FIT 1403 FIT 1404     

SERVICE / PURPOSE OF MEASUREMENT (control, information for BM, etc) Control Control Control Control     

Design Case Operation Operation Operation Operation     

GENERAL OPERATING DATA 

Nature of the fluid L (Water) L (Water) L (Water) L (Water)     

Corrosive / Toxic compounds (% weight / ppm p) (1) - - - -     

Phase   (2)  L L L L     

Normal flow:            Liquid m3/h 30.85 2,500 2,500 7.65    

                                 Gas Nm3/h - - - -     

                                 Vapor  kg/h - - - -     

Minimum / Maximum flow rate % 75-115 75-115 75-115 75-115     

Inlet temperature ºC 16 32 26 26     

Inlet pressure kg/cm2 g Atmospheric 4.0 Atmospheric Atmospheric     

FLUID PROPERTIES 

Density @ P, T (3) kg/m3 1.120 1.174 1.174 1.174     

INSTRUMENT CHARACTERISTICS 

Type measurement  Vortex Vortex Vortex Vortex     

Situation (4) P P P P     

Maximum DP at full scale     mm ca - - - -     

SET POINTS (Normal flow: 100%)             

High / Very High Alarm % 110 110 110 110     

Low / Very Low Alarm % 85 85 85 85     

High / Low Interlock % YES YES YES YES     

Tracing / Diaphragm / Flushing         

Located in line Make-up CW Inlet CW Outlet Blowdown     

NOTES: (1) The presence of solid particles, rubbers, and in general any component that may cause fouling shall also be indicated. 

  (2) Specify whether gas (G), liquid (L), water vapor (V) or mixed (M) 

  (3) Approximate density values depending on water quality 

  (4) Indicate whether the instrument is local (L), panel (P) or local panel (PL) 
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6.2 Level 

Table 6.2. Level instrument list. 

INSTRUMENT Nº LT 1301 LT 1302       

SERVICE Control Control       

Design case High level Low level       

GENERAL OPERATING DATA 

Nature of upper/lower fluid Liquid (water) Liquid (water)       

Corrosive/Toxic compounds (% weight / ppm p) (1) - -       

¿Possibility of formation of ...? (2) NO NO       

Interface type  (3)  L-V (Water-air) L-V (Water-air)       

Temperature ºC 26 26     

Pressure kg/cm2 g Atmospheric Atmospheric       

FLUID PROPERTIES 

Density  kg/m3 1.174 1.174        

INSTRUMENT CHARACTERISTICS 

Type primary element           

Situation  (4) P P       

SET POINTS. Normal level:       90% 50%       

High / Very High Alarm mm / % 95% 60%       

Low / Very Low Alarm mm / % 85%  45%       

High / Low Interlock mm / % Yes  Yes       

Tracing / Diaphragm / Flushing - - - - - 

Located in line Cold Water Basin Cold Water Basin       

NOTES:             

(1) The presence of solid particles, rubbers, and in general any component that may cause fouling shall also be indicated.        

(2) Indicate services with a tendency to form foam, emulsions, polymers with a tendency to adhere to the vessel walls, to form solid precipitates.       

(3) Specify whether liquid-liquid (L-L) or liquid- vapor (L-V)  

(4) Indicate whether the instrument is local (L), panel (P) or local panel (PL).  
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6.3 Pressure  

Table 6.3. Pressure instrument list. 

INSTRUMENT 
Nº 

SERVICE 
DESIGN 

CASE 

GENERAL OPERATING DATA INSTRUMENT CHARACTERISTICS 

FLUID 

CORROSIVE 
OR TOXIC 

COMPONENT 
(1) 

PHASE 
(2) 

TEMP. 
(ºC) 

PRES. (kg/cm2 g) 
SIT. 
(3) 

SET POINTS (kg/cm2 g) 
TRAC. 
(yes 
/no) 
(4) 

LOCATED IN 
LINE 

ALARMS INTERLOCK 

MIN NORM. MAX. PAL PAH LOW HIGH 

PIT 1001 Control OP. L - L 18 0.8 Atm. 2.0 P 0.8 2.0 YES NO Make-up 

PIT 1002 Control OP. L - L 26 3.8 4.0 4.5 P 3.8 4.5 YES NO Pump Discharge 

                                

                                

                                

                                

                                

                                

                                

NOTES: 

(1) The presence of solid particles, rubbers, and in general any component that may cause fouling shall also be indicated.   

(2) Specify whether gas (G), liquid (L), water vapor (V) or mixed (M)   

(3) Indicate whether the instrument is local (L), panel (P) or local panel (PL)   

(4) Indicate Tracing / Diaphragm / Flushing   
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6.4 Temperature 

Table 6.4. Temperature instrument list. 

INSTRUMENT 
Nº 

SERVICE 
DESIGN 

CASE 

GENERAL OPERATING DATA INSTRUMENT CHARACTERISTICS 

FLUID 
CORROSIVE OR 

TOXIC 
COMPONENT (1) 

PHASE 
(2) 

TEMP. 
(ºC) 

TEMPERATURE (ºC) SITUATION   
(3) 

SET POINTS (ºC) 

LOCATED 
IN LINE 

ALARMS INTERLOCK 

MIN. NORM. MAX. TAL  TAH LOW HIGH 

TIT 1201 Control OP. L - L 18.0 14.0 18.0 22.0 P 14.0 22.0 - - Make-up 

TIT 1202 Control OP. L - L 32.0 28.0 32.0 35.0 P 28.0 35.0 - - CW Inlet 

TIT 1203 Control OP. L - L 26.0 23.0 26.0 29.0 P 23.0 29.0 - - CW Outlet 

                                

                                

                                

                                

                                

                                

                                

                                

NOTES: 

(1) The presence of solid particles, rubbers, and in general any component that may cause fouling shall also be indicated. 

(2) Specify whether gas (G), liquid (L), water vapor (V) or mixed (M)                 

(3) Indicate whether the instrument is local (L), panel (P) or local panel (PL)                 
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6.5 Analysers 

Table 6.5. Analysers list. 

INSTRUMENT Nº pH IT 1601 pH IT 1603 pH IT 1605 µS IT 1602 µS IT 1604 µS IT 1606 Cl2 IT 1607     

SERVICE Control Control Control Control Control Control Control     

Design case Operation Operation Operation Operation Operation Operation Operation     

GENERAL OPERATING DATA 

Nature of the fluid L (water) L (water) L (water) L (water) L (water) L (water) L (water)     

Corrosive / Toxic compounds ( % weight / ppm p) (1) No No No No No No No     

Phase     (2)  L L L L L L L     

Temperature ºC 18.0 32 26 18 32 26 26     

Pressure kg/cm2 g Atmospheric 4.00 Atmospheric Atmospheric 4.00 Atmospheric Atmospheric     

FLUID PROPERTIES (2) 

Property to be analysed pH pH pH Conductivity Conductivity Conductivity Chlorine     

Normal value   7.8 7.5 7.5 1,800 3,500 3,500 0.50     

Minimum value   7.3 7.0 7.0 1,600 3,000 3,000 0.25     

Maximum value   8.3 8.0 8.0 2,000 4,000 4,000 1.00    

INSTRUMENT CHARACTERISTICS 

Situation    (3) PL PL PL PL PL PL PL     

SET POINTS                   

High / Very High Alarm % 110% 110% 110% 110% 110% 110% 110%     

Low / Very Low Alarm % 90% 90% 90% 90% 90% 90% 90%     

Low / High Interlock % No No No No No No No     

Located in line Make-up CW Inlet CW Outlet Make-up CW Inlet CW Outlet CW Outlet     

NOTES:                                    

(1) The presence of solid particles, rubbers, and in general any component that may cause fouling shall also be indicated. 

(2) Specify whether gas (G), liquid (L), water vapor (V) or mixed (M) 

(3) Indicate whether the instrument is local (L), panel (P) or local panel (PL) 
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7 MSDS 

7.1 Sulfuric acid 
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7.2 Sodium hypochlorite   
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1 Budget 

1.1 Economic study 

The economic study is divided in two parts, the investment costs, and the operating 
costs.  

Investment costs include expenses related to the acquisition of the cooling tower, 
installation, support systems, and other equipment.  

Operating costs include an estimate for the recurring expenses needed to maintain and 
operate the tower, such as electricity for the fans, cooling water, maintenance, chemicals, 
among others.   

1.2 Investment costs 

1.2.1 Personnel costs 

A project for a cooling tower design involves a complex process encompassing different 
professional teams, including: 

­ Engineers and technicians. Responsible for analysing the project requirements. 
They perform accurate calculations to size the tower and determine the 
required cooling capacity. 

­ Designers. Responsible for converting concepts into precise and detailed 
technical plans that serve as the basis for construction. 

­ Project managers. Responsible for coordinating resources and overseeing 
project progress, ensuring that deadlines are met, and objectives are achieved. 

­ Construction personnel. Responsible for bringing the design to life by building 
the cooling tower and carrying out the necessary installations. 

­ Procurement personnel. Responsible for acquiring the materials and equipment 
needed for the project. 

Considering the different professional teams required for the project, working an 8-
hour workday, a total of 1,792 hours per year would be necessary. This calculation is based 
on a 44-week work year, accounting for holidays and days off. 

1.2.2 Cooling tower 

The unit cost of the cooling tower encompasses all essential components and materials 
needed for its design, construction, and efficient operation. Prices have been obtained from 
different suppliers specialized in this type of supply. 

Based the dimensions of the cooling tower, the approximate unit price per cell is 
around 115,000 €. 

1.2.3 Fans 

The unit price for the cooling tower fans is approximately 5,000 €. The value has been 
calculated by the design program.  

1.2.4 Water pumps 

Table 1.1 includes the unit price for recirculation pumps, make-up water pumps, and 
the pumps required for each chemical product. Pump prices have been provided by the 
supplier, in this case, by Flowserve and Grundfos.   
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1.2.5 Chemical injection system 

The chemical injection system includes the supply of Portafeed Senior containers, 
transfer hoses, level indicators, manifold connections, and tubing to connect the dosing 
pumps. The average cost of this system typically oscillates at around 3,500 € per unit. 

The Portafeed Senior container does not include the product. Therefore, four Portafeed 
Junior containers have been requested to correspond to each Portafeed Senior.  

Additionally, it should be noted that the aforementioned costs correspond to the 
standard treatment of the system. However, for the initial system startup, additional 
chemicals that are not part of the regular treatment are required. These additional chemicals 
will be supplied in barrels and containers of smaller quantities and are shown in Table 1.1.  

1.2.6 Civil works 

The cost of civil works typically oscillates at around 20% of the total equipment cost. 
This 20% includes foundation work, site preparation, and construction of the cooling tower.  

1.2.7 Instrumentation 

Instrumentation percentages range from 2% to 8% of the total equipment quote, 
depending on the quantity and type of sensors, required automation, and control systems. 

This project includes relatively limited instrumentation compared to other equipment 
i.e., reactors, distillation columns, and represents approximately 2% of the total equipment 
cost.  

1.2.8 Mechanical Assembly 

Mechanical assembly encompasses the installation and assembly of the necessary 
physical and mechanical components of the cooling tower. It generally accounts for 15% of 
the total equipment cost.  

1.2.9 Electrical Assembly 

Electricity costs typically range between 3% and 10% of the total equipment budget, 
depending on the size and complexity of the cooling system and expected energy 
consumption. For this system, given its small size, it is estimated to represent approximately 
5% of the total equipment cost. 

1.2.10 Work supervision  

Supervision is crucial to ensure the successful implementation of this project. The 
supervisory team is responsible for monitoring and coordinating all stages of the construction 
process, from component installation to commissioning. The estimated cost of this 
supervision is approximately 10% of the total equipment cost. 

1.2.11 Total investment costs 

The following table provides a complete quote, detailing the previously mentioned 
categories.  
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Table 1.1. Detailed Investment Cost. 

Personnel cost Unit Quantity Cost (€/h) Total (€/year) 

Engineers and technicians h/year 1,792 35 62,720 

Designers h/year 1,792 30 53,760 

Project managers h/year 1,792 50 89,600 

Construction personnel h/year 1,792 20 35,840 

Procurement personnel h/year 1,792 25 44,800 

Total personnel cost 286,720 € 

Material and equipment 
costs 

Unit Quantity 
Cost 

(€/unit) 
Total (€) 

Cooling tower units 2 115,000 230,000 

Fan units 2 5,000 10,000 

Recirculation pump units 3 215,000 645,000 

Make-up pump units 2 7,544 15,088 

PF senior  units 4 3,500 14,000 

Containment trays units 6 650 3,900 

Chemical dosing pumps units 8 1,645 13,160 

Total material and equipment cost 931,148 € 

Civil works cost N/A N/A 20% 186,230 

Instrumentation cost N/A N/A 2% 18,623 

Mechanical assembly cost N/A N/A 15% 139,672 

Electrical assembly cost N/A N/A 5% 46,557 

Work supervision cost N/A N/A 10% 93,115 

Total  484,197 € 

Chemical treatment cost Unit 
Quantity 

(kg) 
Cost 

(€/kg) 
Total (€) 

NaClO IBC kg product 1,000 1.50 1,500 

H2SO4 IBC kg product 1,000 2.20 2,200 

Corrosion PF Junior kg product 970 2.00 1,780 

Dispersant PF Junior kg product 890 2.40 1,896 

Non-oxidizing biocide PF Junior kg product 790 4.20 3,318 

Biodispersant PF Junior kg product 790 9.00 7,110 

Total chemical treatment costs 17,804 € 

Chemical startup products 
cost 

Unit 
Quantity 

(kg) 
Cost 

(€/kg) 
Total (€) 

Dispersant kg product 150 2.40 360 

Corrosion inhibitor kg product 550 2.00 1,100 

Biodetergent kg product 25 9.00 225 

Non-oxidizing biocide kg product 250 4.20 1,050 

Total chemical startup products cost 2,735 € 

TOTAL INVESTMENT COSTS 1,722,603 € 
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Regarding this project, all the costs provided above are approximate. For this reason, it 
is not possible to provide an exact amount for the total investment cost.  

Therefore, the estimated investment cost of this project, including the installation of 
the cooling tower and chemical treatment, is around 1,800,000 euros.  

1.3 Operating costs 

1.3.1 Personnel costs 

These include the personnel responsible for the operation, monitoring, and 
maintenance of the cooling tower.  

1.3.2 Water costs 

Water consumption is an essential part of the cooling process. Currently, the water 
price stands at 0.5 €/m3. 

1.3.3 Electricity costs 

The cost of electrical energy for the cooling tower encompasses a supply for fans, 
cooling pumps, service water pumps, and chemical injection system pumps. Currently, the 
electricity cost is 0.168 €/kWh.  

1.3.4 Chemical treatment of the tower costs 

An estimate of the required quantity of chemical product needed to maintain a proper 
water quality is included. Quantities and prices have been sourced by various suppliers.  

1.3.5 Water quality maintenance costs  

Maintaining the tower water quality involves various expenses to ensure the water 
used in the cooling process meets required standards and remains in optimal conditions. The 
price shown in the table in the following section represents the annual cost for the following 
services: 

­ Analysis equipment: Acquisition and maintenance of laboratory and field 
analysis equipment to measure physicochemical and microbiological water 
parameters. 

­ Disinfections: Conducting and monitoring two annual Legionella disinfections as 
described in RD.   

­ External laboratories: Outsourcing of external laboratory services for Legionella 
analysis.  
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1.3.6 Total operating costs  

The following table reflects the operation costs of the system. For both water service 
and electricity costs, it has been considered an operating period of approximately 12 hours 
per day.  

Table 1.2. Itemized Operating Costs. 

Personnel cost Unit Quantity 
Cost 
(€/h) 

Total 
(€/year) 

Operators  h/year 1,792 40 71,680 

Water service cost Unit (m3/h) 
Quantity 
(h/year) 

Cost 
(€/m3) 

Total 
(€/year) 

Make-up water 30.85 4,380 0.5 2,190 

Electricity cost Unit (kW) 
Quantity 
(h/year) 

Cost 
(€/kWh) 

Total 
(€/year) 

Fan 2x55 4,380 0.168 80,942 

Recirculation pump 3x240 4,380 0.168 529,805 

Make-up pump 2x1.5 4,380 0.168 2,208 

Chemical injection pumps 8x0.022 4,380 0.168 12.95 

Chemical treatment cost Unit 
Quantity 
(kg/year) 

Cost 
(€/kg) 

Total 
(€/year) 

NaClO IBC kg product 20,100 1.5 30,150 

H2SO4 IBC kg product 20,100 2.2 44,220 

Corrosion PF Junior kg product 1,950 2.0 3,900 

Dispersant PF Junior kg product 4,000 2.4 9,600 

Non-oxidizing biocide PF Junior kg product 1,400 4.2 5,880 

Biodispersant PF Junior kg product 250 9.0 2,250 

Water quality maintenance Unit Quantity 
Cost 

(€/unit) 
Total 

(€/year) 

Water measurement and 
analysis 

units 1 1,500 1,500 

TOTAL OPERATING COSTS 784,331 € 

 

 

 

 

 


