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Abstract. This is a review paper that deals with the sustainability aspects for the future. It is a concern to understand 

how to improve outdated cooling towers to ensure the best results and competitiveness to the companies. That is an 

issue based on the current world situation that presses the corporations regarding the environmental conditions. The 

progress must be keep going without damage the environment as happened on the last industrial revolutions. Using 

automated control system and experimental results compared to computational aid software, it was demonstrated that 

great energy savings can be achieved based on the adapt of current operational conditions and schemes or with 

acquisition of substantial market solutions. Automation is not the only opportunity, but there are mechanical fillings 

and nozzles designed that can improve cooling tower effectiveness and can be used to replace outdated equipment or 

be used on new systems development. 
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1. INTRODUCTION  

 

The proceedings of the ENCIT 2018 will be published in Adobe™ PDF format. The extended abstracts and final 

papers must be formatted strictly according to these instructions. The present file can be used as a template for 

Microsoft Word™ users. This document should be used as a formatting guide to users of other text processing 

softwares. 

There is a strict control forecasted regarding sustainability for the next years (Bustamante et al. 2016). The energy 

consumption, CO2 emissions and renewable energies usage are being tracked in order to ensure the companies’ 

competitivity and financial aids from governments (Corrêa Da Silva und Krautz 2015; Aurangzeb und Jana 2016; Lyu 

et al. 2016; Chorak et al. 2017; Cutillas et al. 2017; Li et al. 2017). For example, in the Information Technology 

infrastructure, energy consumption has increased due a rapidly technology development in the last years and the mains 

focus are on cooling system (Zapater et al. 2015; Daraghmeh und Wang 2017; Fouladi et al. 2017). It is known that so 

many solutions of thermal cooling systems can be developed by the market engineering solution providers depending 

on the process characteristics (Pingye Guo et al. 2017). Most of them are not technical and/or economical feasible due 

high investments and low benefits based on the initial concept developed in the past, but they can be studied and 

improved based on new technologies to achieve best results. It is a great opportunity continuous improvement (Best und 

Rivera 2015). 

Regarding cooling tower systems, that are the main targets on this paper, it is crucial that the major consumers must 

be identified and evaluated to maximize the energy savings and avoid waste of efforts in subsystems non- relevant to 

the conclusion. Basic, there are two different kinds of cooling tower that generated a third concept: Wet cooling tower, 

when the air is in direct contact with the water and Dry cooling tower, where the water is cooled in a system similar to a 

heat exchange (Klimanek et al. 2015; Xia et al. 2016; Zou und Gong 2016; Keshtkar 2017; Wei et al. 2017). Analyzing 

the benefits of both schemes, it was develop the hybrid cooling tower system, where it is used an indirect heat exchange 

and then a direct contact with the evaporative air (Benn et al. 2016; Taghian Dehaghani und Ahmadikia 2017). 
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Figure 1. Cooling Tower Scheme from (Keshtkar 2017) 

 

Based on that, it was identified that cooling and pumps networks are the most relevant parameters regarding 

potential benefits to energy consumption savings. Specially pump systems, there are several aspects like: 

interconnection ways and technologies that can rearrange the existing models to achieve optimum operational points 

(Korolija und Greenough 2016; Ma et al. 2017).  

Historically, there was a warning regarding process automation. It was supposed to be expensive and high 

maintenance support to keep the system operating under operational conditions. Distributed Control Systems (DCS) are 

frequently in operation on production plants. It works on the process control and can manage many process steps with 

high reliability. Once cooling systems are an auxiliary part of the process, DCS hardware already exists and 

configuration is part of automation team roles, it is not expensive to optimize the operation of that systems and the 

results are significant considering a low investment based on the controlling strategy. In some cases, a regular ON/OFF 

control strategy should be enough to improve the results with a two speed cooling towers fans. In the other hand, with 

an investment cost, but still feasible depending on the equipment usage, a Variable Frequency Driver (VFD) should be 

necessary to maintains the motors durability and process optimization (Chang et al. 2015; Bornman et al. 2017). 

The cooling performance should be taken as one of the main targets of the entire system and not take as just an 

auxiliary utilities supply. For this reason, there are many studies regarding cooling tower improvements. It can happens 

because the process and environmental conditions can be modified over the years and the initial concept would not be 

the same along the years (Singh und Das 2016).  

Some numerical methods were developed to evaluate the cooling tower variables making some assumptions about 

the external conditions. In some situation, the numerical approaches are not accurate enough, so experimental studies 

were developed to check the external factors and structural design on the cooling towers performance for real results 

better understandings (Ning et al. 2015; Yuming Guo et al. 2017). 

Besides automation control system, it is necessary a special attention to the equipment mechanical components 

because it will also define the equipment performance to ensure the project conditions (Cutillas et al. 2017). There’s a 

special opportunity to improve existing cooling towers capability through modification on layout fillings (Gao et al. 

2016; Martínez et al. 2016) and spray nozzle system (Alkhedhair et al. 2016; Sadafi et al. 2016). 

 

2. MODELLING 

 

Some results were collected as experimental outputs and other ones used computer aid simulators based on 

mathematical models to achieve the conclusions (He et al. 2016, 2017; Laptev und Lapteva 2016; Chen et al. 2017). In 

just a few studies, both methods were applied to compare the final results. There are different methodologies that can be 

applied to verify the cooling towers effectiveness, operational conditions, opportunities of improvements and 

external/internal factors influence on the equipment efficiency.  
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The first step to modelling a cooling tower efficiency study is to set up three critical parameters: outlet water 

temperature, inlet water temperature and wet bulb temperature for the region where the cooling tower will be installed. 

Based in that information it is possible to define de tower efficiency shown in Eq. (1) (Chang et al. 2015; Laptev und 

Lapteva 2016; Singla et al. 2016): 

 

 (1) 

 

The difference between inlet water temperature and outlet water temperature is known as range and represents the 

operational condition. The difference between inlet temperature and wet bulb temperature is known as approach (Qi et 

al. 2016; Singla et al. 2016; Taghian Dehaghani und Ahmadikia 2017; Xie et al. 2017). 

Besides the influence on cooling tower efficiency, wet bulb temperature will also set the cooling water physical size 

(Chang et al. 2015).  

Once defined the geographical location and the physical size of the cooling tower, it Is necessary to define the pump 

and filling system that will work together to the weather (wet bulb temperature) and design (inlet and outlet 

temperatures) conditions the define the cooling tower size and efficiency (Taghian Dehaghani und Ahmadikia 2017). 

Even parameter like humidity and enthalpy were considering during the thermal study to determine the optimal 

operational point, in fact the empirical factors were used to guarantee the results, once there is a lack of models to 

ensure this influence (Chang et al. 2015).  

The usage of a VFD is recommended when power saving is an important factor. It can adapt the weather (it can be a 

season of the year or a cold/hot day) (Cutillas et al. 2017) and process (low/high load, process phase) conditions for the 

best results because it determines the air flow rate inside the equipment and it direct affects the effectiveness (Zhu et al. 

2015). There is no clear relation between fan speed and water temperature decrease because it depends on the boundary 

conditions. For this reason, it should be necessary to configure a feedback PI (Proportional Integral) controller on an 

electronic device, such as DCS, to achieve the best results. It may consider the fan speed as manipulated variable and 

the outlet temperature as controlled variable. This control gives best results than ON-OFF controllers for two speed 

fans, that can have high switch operational conditions depending on the situations (Chang et al. 2015).  

VDF are also used on cooling towers pump operations in synergy with fan speed (Ma et al. 2017). Once water flow 

and air inlet flow range inside the cooling tower must be controlled in order to attend the design conditions and goal the 

optimal energy consumption, those variables should be tested under different control conditions to give the best results 

(Liang et al. 2015).   

Regarding mechanical devices, the nozzles are relevant components to increase the final results such as drift 

eliminators (Alkhedhair et al. 2016). As much contact with drift eliminators, it is expected to increase the tower 

effectiveness with low water loses to the environment (Ruiz et al. 2017). Computer simulation can develop and simulate 

an efficient device considering important factors as air flow field and their respectively turbulence. As it is an 

experimental situation, it is necessary to analyze a significant number of previous studies to better understanding of the 

nozzle behavior under certain conditions (Alkhedhair et al. 2016). 

 

3. RESULTS 

 

3.1 Reviewed papers results 

 

Some results compared theoretical and practical experiments. It was possible to evaluate the best results and to 

propose the suitable scheme of control and mechanical design. Even the theoretical experiments do not consider some 

external interferences, it can be considered as an approach to the final results. The large scale based on mathematical 

models may not be have the same effectiveness. (Ma et al. 2015) 

The results showed that the VFD operated as close as possible from the desired temperature minimizing the ON-

OFF switches for regular controllers. It also demonstrated that when the system is operating in automatic conditions, it 

reaches the pre- conditions determined during the project phase. When there is a manual interference from operator 

side, the controller can run out of expected and affect the final energy consumption. Working on system with four fans 

and a range operation of 3,5ºC (from 34ºC to 31,5ºC) the adjustment of the temperature zone control compared to ON-

OFF system, of 0,75ºC can reduce 38% of total energy consumption without increase the ON-OFF switching. This 

number can be higher if the temperature zone control increases (Chang et al. 2015). 

VFD can also be used to control pump systems. As more cooling tower working at the same system, more potential 

benefits can be achieved. It is a powerful combination that can reduce energy consumption. It is necessary to control the 

water flow from the cooling tower combined to the fans speed to guarantee the right amount of water available to the 

process. It is not only the amount of water that is necessary to control the process, but the entire capacity of heat 

exchange on the load. It can be take in relevance the water temperature with water flow to keep the load necessity under 

control (Liang et al. 2015). 

Regarding mechanical nozzles, there was a comparison between the experimental and the simulated values. In fact, 

the results were around 5%of difference between the two situations. It may occurs due the lack of some variables on the 
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used method to calculate (Rosin-Rammler empirical equation) and the operational conditions on the test (Alkhedhair et 

al. 2016).  

Drift eliminators are another factor that can significantly increase the system response, once they can be around 

100% more efficient depending on the used material and model. The performance may vary drastically. It is significant 

on water savings and consequently water consumption on the system (Ruiz et al. 2017). 

 

3.2 Experimental results  

 

Based on the concepts reviewed during this paper, it was proposed and implemented two automated cases in a 

chemical plant. The cases are shown below: (for both cases there are a common pipe line that delivers the water to the 

cooling towers) 

• Case 1: Two cooling towers working in parallel without automated control of fans (40 CV each one) and 

pumps (40 CV each one). There was measurement of outlet temperature and outlet water pressure. Each cooling tower 

has its own fan and the outlet water goes to a common pipe line where four pumps send water to the process. There was 

no VFD for any fan or pump; 

• Case 2: Two cooling towers working in parallel without automated control of fans (20 CV each one) and 

pumps (20 CV for two and 40 CV for the other two). There was measurement of inlet and outlet temperature. Each 

cooling tower has its own fan and the outlet water goes to a common pipe line where two pumps send water to the 

process and two more pumps works at the bottom of the process sending the water back to the cooling towers. There 

was no VFD for any fan or pump. 

The methodology was developed considering the following projects technical information related to each group of 

cooling towers independently. It is important to consider that the cooling towers design concept were based on the 

process thermal load and environmental conditions.  

• Heat energy (Q); 

• Wet bulb temperature; 

• Mass flow (m); 

• Specific heat of the water (c); 

• Difference between inlet and outlet temperature (ΔT); 

• Motors and pumps: flow and electrical power; 

• Formulae (2): 

o  (2) 

It was observed that the operators did not control the outlet water temperature based on the information that the 

process works better when the temperature is as low as possible (there is no official document to reinforce that 

information). So, the fans and pumps were always on during the whole year and all process load conditions. 

Considering that the information above can be a paradigm from the process operations, it was done a task force to 

study some opportunities with quickly and low-cost implementation. It was studied the environmental wheatear 

conditions and the web bulb design temperature. The approach to the operations was related to the wet bulb 

temperature, saying that it was impossible to work on lower temperatures based on the cooling tower characteristics and 

limitations.  

As results from the task force, the following actions were taken to the cooling tower efficiency improvement and 

energy saving (all automation actions were set up using maintenance team): 

 

• Case 1: Install four VFD (one for each pump) to control the outlet water pressure (empirical results were 

collected from operations team) to reduce the water mass flow on the cooling tower. Develop an automated control for 

the fans based on the outlet temperature to reduce the heat energy. There was two set points defined: one for each fan. 

The first set point is the wet bulb temperature and the second one was set to 2ºC above the first one; 

• Case 2: Develop an automated control for the fans based on the outlet temperature to reduce the heat energy. 

There was two set points defined: one for each fan. The first set point is the wet bulb temperature and the second one 

was set to 2ºC above the first one. Regarding the pumps, there was turned off two of them: one at the bottom of the 

plant and the other one on the outlet of the cooling tower; 

In both cases, the energy savings were based on the reduction of water mass flow on the system and the reduction of 

the heat energy of the cooling towers. The results expected are shown below: 

• Case 1:  

o reduction of 483 MWh per year (calculated) 

• Case 2:  

o reduction of 338 MWh per year (calculated) 

 

Nowadays (October 2017), the system for both cases are under implementation and will take a year to get relevant 

results. It is relevant that the wet bulb temperature varies a lot along the year and it is expected an impact that should be 
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measured and it will be significant to the final result. Once there is a dry winter, it is expected a high energy saving and 

during the wet summer the energy saving will be lower. 

 

4. CONCLUSION 

 

Actually, there is a big concern regarding companies’ competitiveness. Most of the time, corporations are trying to 

improve process conditions to guarantee the best value add for the final customer and increase the market sharing with a 

continuous profit increase. Besides competitiveness, there are the environmental issues in accordance with a global 

pressure related to environmental conditions. There is an effort from most of the nations to reduce pollutants emissions 

to minimize the greenhouse effect and ensure that the environmental conditions will remain properly along the years. 

Based on the sustainability, the companies’ continuous improvement projects should be feasible. There are countless 

opportunities in a plant, but this paper focused on wet cooling towers. Even inside the cooling towers universe, there are 

different solutions based on the project development time and implementation complexity. It has been showed that the 

results are significant based on the energy saving.  

As most of the plants have an automated control system, like a DCS (Distributed Control System) or PLC 

(Programmable Logic Controller), it is not a challenge to implement an automation for the electric components for a 

cooling tower, like fans and pumps. Those equipment are part of the process and there is a high chance to already be 

available to the control. The greatest results are when the cooling tower are operating without control or on an outdated 

scheme. Marketing solutions like VFD operating in synergy with automation controllers can generate substantial power 

consumption savings based on the process phase and weather conditions. It can be adaptable to the real-time variables 

to achieve the best results. In addition to energy saving, automated control also increased the cooling tower reliability 

due the operational usage condition of electrical components.  

It is important to remember that the main results were based on experimental factors and range configured on the 

system, once the computational simulators do not handle with weather and operational conditions with high accuracy.   

Not only automation is responsible for the process improvements. There are opportunities related to the mechanical 

design of the cooling towers. Substitution on fillings and nozzles has demonstrated consistent results on the cooling 

tower efficiency reducing the difference between outlet temperature and wet bulb temperature considered on the design. 

As an opportunity to further studies is to develop a mathematical simplified model that deal with boundary 

conditions and how it can affect the cooling towers efficiency. Once the equipment does not work all the time at the 

design conditions, due controlled variables (process phase, thermal load, components wear) and uncontrolled variables 

(weather conditions), it is a trick situation to how to optimize and measure the results after the implementations. 

Considering process further expansions, there is no way to be 100% sure about the cooling towers capability due the 

random values from the external variables. 
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