
 

Abstract—Scaling, fouling and corrosion are known to have a 

substantial effect on the performance of coal fired power plant 

condensers. There are different treatment processes employed in 

combination with the in-service mechanical cleaning, however, the 

treatment processes have some limitations when looking at the cooling 

water chemistry control and condenser efficiency.  

 The main purpose and focus of the study will be to understand the 

different treatment process limitations, constrains and optimization 

parameters. Conditions under which scaling, fouling and corrosion 

occur will be predicted using the Calcium Carbonate Precipitation 

Potential (CCPP) index to effectively treat, mitigate and minimise the 

challenges. CCPP is the calculated mass of calcium carbonate 

expected to precipitate or be dissolved by water. 

Coal fired power plants with the desalination process implemented 

will have better cooling water chemistry control compared to those 

using a cooling water treatment approach based on neutralisation, 

clarification through flocculation and coagulation, cold lime softening, 

ion exchange and blowdown method. With the exception of the cold 

lime soda treatment, some of the treatment processes are costly and 

generate concentrated effluents that must be disposed. 

It is predicted that, cold lime treatment when operated optimally 

may yield positive results and can therefore be considered as treatment 

of choice for the control of the cooling water chemistry. 

 

Keywords: CCPP, cooling water chemistry, scaling, fouling and 

corrosion, wet cooled coal power plant.  

I. INTRODUCTION 

The largest percentage of electricity in the world today is 

produced in the steam cycle using fossil fuels as the energy 

source, to convert water to steam to drive turbines which in turn 

drive generators.  

Condensers are the largest heat exchangers in power plants, 

where the steam flowing from the low-pressure part of the 

steam turbine is condensed using cooling water [1]. 
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The main cooling system serves as the cooling medium for 

the electricity generating systems. Cooling water system for 

different power plants have a water capacity ranging between 

25 to 47 Mega Litre (ML), which takes up the largest portion of 

water used in the power plant, thus proper treatment is very 

essential [2]. The steam form the turbine condenses in the 

condenser and the latent heat [3] of condensation is absorbed by 

the cooling water [4].  

 

 

 
Fig. 1: Simple schematic diagram showing of cooling water circuit 

[5] 

 

In order to achieve a higher thermal efficiency of the steam 

cycle process, condensation must be at low pressure, which 

primarily depends on the conditions of the cooling water. 

Circulating cooling water quality requirements are related to 

three major problems encountered, scaling, fouling and 

corrosion [6].  

These problems capably insulate the heat transfer system 

tube wall. The effects of the reduction in heat transfer are an 

increased pressure drop, increased pumping power 

requirements and the reduction of the power output in the 

components [7]. 

 The changes in the cooling water chemistry affects the 

characteristics which describes the condenser performance, 

such as efficiency, the transfer net flow and the steam back 

pressure which have a significant influence on the performance 

of the plant [8]. 

To address the scaling, fouling and corrosion challenges, 

diverse softening processes are being employed. There are set 

chemistry monitoring standards guided by the Electrical Power 

Research Institute (EPRI) [5] and Vereinigung Der 

Grosskraftwerksbetreiber (VGB).  

These standards have limits and targets for cooling water 

monitoring and control, but achieving these limits have been 

almost impossible on some of the operating plants due to 
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challenges experienced in the cooling water softening treatment 

processes.  

As the chemistry on the cooling water system deteriorates [8] 

the softening plant needs to treat the water to reduce the 

hardness. 

The existing treatment processes are struggling to maintain 

the cooling water chemistry within specifications as governed 

by the cooling water chemistry standards [4-9].  

This is due to the challenges that are currently being 

experienced in operating and optimising the treatment plant, 

affected by makeup water quality fluctuations and more 

effluent being generated by power plants and must be recovered 

[10]. 

    Condenser chemical cleaning is conducted more frequently 

due to, scaling, fouling, and corrosion found on the heat transfer 

equipment [11-13] 

Condenser tube leaks are also increasing in number leading 

to reduced condenser efficiency and automatically impacting 

on the electricity generation by shutting down of the plant for 

maintenance and repairs. [11-13] 

The optimum process for cooling water chemistry control 

will be the process that effectively controls the cooling water 

chemistry and allow cycles of concentration (CoC) that will 

ensure Zero Liquid Effluent Discharge (ZLED) [14]; therefore, 

allowing the power utility to minimize its footprint and reduce 

the pressure on the limited water resource of the country 

[15-38]. 

II. POWER PLANT COOLING WATER CHEMISTRY   

Coal fired power plants are designed with different treatment 

process to control by softening and mitigate the degradation of 

cooling water systems. The treatment process can be divided 

into three main categories: those that affect solubility, 

those that alter the growth mechanism of crystals, and those that 

change the potential of a surface to foul [7] Each of these 

controls have their benefits and a number of aspects have to be 

considered during the design phase and selecting the right 

preference [7]. 

It is desirable to predict conditions under which scaling, 

fouling and corrosion occur based on known system conditions. 

In this way problems can be evaded, minimised or more 

effectively managed [7]  

 

Treatment processes employed for cooling water softening  

A. Clarification through coagulation and flocculation 

The clarification coagulation and flocculation process is 

required for the removal of colloidal/suspended matter. At high 

cycles of concentration (CoC), the suspended matter created by 

coarse and finely dispersed impurities [7] tends to settle in the 

cooling tower ponds, thus reduce the pond capacity and cooling 

water volume.  

The cooling water pumps will take suction from the pond and 

transfer the sludge to the condenser tubes. Under clean 

conditions the pumps will only be exposed to water, with the 

sludge settling at the bottom of the pond the pumps will be 

exposed to water and sludge. This will lead to erosion, fouling 

and/or under deposit corrosion [39].  

The consequence of this is a reduction in cross sectional area, 

significant pressure drop along with a deterioration in the heat 

transfer capacity [7]. These suspended particles will also settle 

in the condenser tubes and create a lump that will reduce the 

efficiency of heat transfer. This treatment process gives the 

water its esthetical appearance. 

B. Softening with lime and soda ash for the removal of 

permanent and non-permanent harness (scaling products) 

Lime treatment is often used to reduce the bicarbonate 

hardness by precipitation of cooling water and to enhance 

clarification. The bicarbonate hardness due to calcium and 

magnesium multivalent ions [7]. 

The higher the CoC, the more the total dissolved solids 

(TDS) will increase as the salts are gradually increasing in 

concentration. With an increase in the CoC the Calcium 

Carbonate Precipitation Potential (CCPP) will also increase. 

The CCPP target given in the EPRI and VGB cooling water 

guideline can be calculated using the ―stasoft model‖, a friendly 

interactive computer model [13]. CCPP specification without 

the crystal modifier dosing is between 10 and 30mg.kg
-1

 as 

CaCO3 at 38
o
C. With a crystal modifier dosing the target is set 

between 10 and 45 mg.kg
-1

 as CaCO3 at 38
o
C.  

The efficiency of the softening reactions is greatly 

influenced by temperature and ionic strength [40]. Higher 

temperatures accelerate the reaction rate and permits the 

reactions to be carried out at lower pH’s. Inversely higher ionic 

strength reduce ion activities and ion pairs are created that do 

not participate in the softening process [41]. 

    There are two critical criteria needed for proper softening of 

cooling water using lime treatment: 

 

1. Treatment should be done at an optimal pH, and 

2. Correct volumes of cooling water must be treated 

 

 
Fig. 2. Lime dosing plant layout [5] 

 

Firstly: Optimum pH during the softening of the cooling 

water is essential to convert all bicarbonate in the main system 

to carbonates 

    To achieve the optimal pH, calcium hydroxide (lime) is 

introduced to the cooling water that goes in to the clarifier. The 

optimum pH for the lime softening process is 10.1 to 10.3 

according to [42], though it can vary based on plant 

specifications and operations. 

 

Removal of carbonate hardness: 
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The conversion of dissolved calcium hydrogen carbonate in 

to calcium carbonate can be described by: [43] 

 

                                 (1) 

 

Removal of carbon dioxide in a closed system  

                           (2)  

 

For water with a high proportion of magnesium hydrogen 

carbonate  

                                      

(3)  

 

Since magnesium carbonate is soluble excess line is added to 

precipitate it as magnesium hydroxide 

                                (4) 

 

Secondly: Not treating the correct volume of water for the 

system, even at optimum pH, the scaling might still occur. 

Treating the correct volume means the same amount of 

alkalinity is removed in the clarifiers as to what is added to the 

cooling water through make up. 

This can be achieved by proper flow measurement for the 

water going to the clarifier’s. Inconsistency in flow 

measurements will exposed the plant to incorrect lime dosing 

rates, thus causing an increase in the scaling potential. 

These two criteria must be equally met, to minimize and 

prolong scaling potential on the condensers. 

C. Softening by Neutralisation/pH control 

As the potential to form carbonate scale is pH dependent, a 

simple way to control scale or precipitate formation is to 

control the pH. The use of inorganic acids such as sulphuric and 

hydrochloric acid or organic acids such as citric acids, as pH 

adjusters is extensive [8]. The pH control takes place through 

the dosing of acid to reduce the pH. The acid reacts with the 

carbonates and hydroxides that are present in the water yielding 

water and CO2. This prevents the formation of calcium 

carbonate and magnesium hydroxide scale [44]. The concern is 

the ions that will normally remain insoluble in water 

     Common acids used are sulphuric and hydrochloric acid  

 

                                 (5) 

                                  (6) 

 

D. Softening by desalination 

Desalination is a pressure based driven membrane process 

[45]. The leading process for desalination in terms of installed 

capacity and yearly growth is Reverse Osmosis (RO). RO 

membrane processes use semipermeable membranes and 

applied pressure (on the membrane feed side) to preferentially 

induce water permeation through the membrane while rejecting 

salts. Energy cost in desalination processes varies considerably 

depending on water salinity, plant size and process type.  

E. Using scale inhibitors 

Scale inhibitors are a group of speciality chemicals that are 

used to prolong and prevent scaling in water systems [46]. 

They do not eradicate the component of scale but prevents 

crystal nucleation and crystal growth. Nucleation is the initial 

process that occurs in the formation of a crystal from a solution, 

a liquid, or a vapor, in which a small number of ions, atoms, or 

molecules become arranged in a pattern characteristic of a 

crystalline solid, forming a site upon which additional particles 

are deposited as the crystal grows [47-49]. 

An understanding on the type/nature of the feed water that 

must be inhibited, the composition/characteristics of the water, 

the concentration of inorganic salts, conditions of the industrial 

operations and the nature of operations is required.  

III. METHODOLOGY 

Power plants where wet cooled condensers are in use and 

preferably those with the highest cooling water out of 

specification chemistry were sampled and evaluated.  

Cooling water chemistry data for the past years from the 

Laboratory Information Management System (LIMS) [50] [51] 

plotted and analysed to understand the cooling water chemistry 

behaviour from sampled power plants.  

Scale and corrosion potential index Calcium Carbonate 

Precipitation Potential (CCPP) calculated to observe 

differences in plant performance for concentrated cooling water 

chemistry control, using three different treatment processes 

(cold lime softening, neutralization treatment and desalination 

cooling water treatment).  

CCPP is an acronym that stands for Calcium Carbonate 

Precipitation Potential. It is the calculated mass of calcium 

carbonate expected to precipitate or be dissolved by particular 

water. It is expressed as milligrams per litre (mg/L) calcium 

carbonate (CaCO3) [52-53]. 

CCPP of the cooling water calculated using the stasoft 

software, parameters of concern being, calcium hardness, pH, 

conductivity, alkalinity analysed by an autotitrator, chlorides 

and sulphates analysed by the IC (Ion Chromatography) 

instrument and sodium analysed using the ICP (Inductively 

Coupled Plasma) spectroscopy. 

Operating philosophies at the treatment plants, current 

Standard Operating Procedures (SOP) and any deviations with 

reasons and the limitations on the treatment processes 

reviewed. 

IV. RESULTS AND RECOMMENDATION 

Scaling potential indices have been developed to predict the 

likelihood of calcium carbonate precipitation. These indices are 

convenient, easy to use, and provide a reasonable estimate of 

the likelihood of scaling in water sources. The most widely 

used indices in the water treatment industry are the Langelier  

Saturation Index (LSI), Stiff and Davis Stability Index 

(S&DSI), the Ryznar stability index, and the Larson-Skold 

Index. 

 The Calcium Carbonate Precipitation Potential (CCPP) is 

preferred although more complicated to calculate [52, 53]. 

 Scaling potential indices are only capable of predicting the 

potential or propensity of a water to form scale or corrode. 

CCPP is a qualitative indicator it does not indicate the extend of 

precipitation. 

CCPP (along with other indexes such as LSI) is also used to 

assist in chemical dosing rates to ensure water in the 
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distribution system will not corrode metal or dissolve concrete 

pipes, guided by the table below: 

 
TABLE I: CCPP INTERPRETATION [54] 

Scaling state of water  CCPP mg/l CaCO3 

Scaling  Greater than 0 

Passive  Between 0 and -5 

Mildly corrosive   Between -5 to -10 

Corrosive (aggressive ) Less than -10 

A. Cold lime treatment process  

 

Fig. 3 CCPP calculations using cold lime treatment 

 

As lime is added to the water the pH and the equilibrium of 

carbonate species in the water is shifted. Dissolved carbon 

dioxide is changed in to bicarbonates then carbonates. This 

causes calcium carbonate to precipitate due to exceeding the 

solubility product. 

It can be observed from the results (Fig 3) that the CCPP is 

always on the scaling side. There is no indication of the high 

corrosive rates. 

The results indicate that too much lime has been added, 

though the conversion of bicarbonates to carbonates is 

complete there is a formation of additional hydroxide ions. 

 The hydroxide ions will react with the carbon dioxide in the 

atmosphere to form bicarbonates that will form calcium 

carbonate scale in the heat exchanger. CCPP above the limit 

will expose the heat exchangers to scaling.  

This is an undesired condition, addition to the scaling issues, 

CoC will increase and more blow downs will be required. 

B. Neutralisation treatment/pH correction  

The potential to form calcium carbonate scales is pH 

dependent, a simple way to control scale or precipitate 

formation is to control the pH. For the purpose of the study the 

sulphuric acid as the most common pH control agent was 

considered.  

From the results it can be observed that there is a potential of 

maintaining CCPP within the limits. Challenges are 

experienced when there are changes in the cooling water 

chemistry due to make up or several sources that are blended 

for cooling water make up. 

 
Fig. 4. CCPP calculation using neutralization treatment 

 

 The reason for the CCPP fluctuations is due to the 

composition of the makeup water that changes. The system is 

not automated to acknowledge the changes and adjust the acid 

dosing accordingly. Manual interventions are required to 

overcome the change and that makes the operation and 

management of the treatment process to depend on human 

interventions. With the chemistry changing frequently there is 

always a delayed response  

Neutralisation treatment process is the simplest treatment 

regime; the key is to keep the pH adjustment within the control 

limits. Another limitation will be to manage the potential of 

exceeding calcium sulphate solubility and start forming 

calcium sulphate scaling.  

C. Desalination treatment process 

 

 

Fig.5. CCPP calculation using desalination by Reverse 

Osmosis 

The best cooling water quality is achieved by desalination as 

seen from Fig 5. CCPP is mostly within required cooling water 

chemistry standard limits. This could easily be regarded as the 

best treatment of choice.  

Desalinating water through membrane filtration including 

reverse osmosis (RO) is gaining popularity. RO requires 

forcing the cooling water through progressively smaller 

membranes resulting in a lot of energy for pumping, this 

process obviously requires a lot of heat energy. There are 

additional issues with the incoming and outgoing water and 

effluent generated. 
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Solutions for a more efficient integrated industrial water use 

and management depend on their economical evaluation and on 

external drivers.  

V. CONCLUSION 

The study compared three different treatment processes for 

cooling water softening from three sites. The parameter of 

concern was the Calcium Carbonate Precipitation Potential 

(CCPP), referred as the calcium solubility equilibrium. CCPP 

which is directly associated with scale formation and a quick 

indicator to show if the plant is exposed or protected 

The following conclusions can be drawn from the results. 

A. Cold lime treatment 

Given proper consideration of raw water quality and ultimate 

end use of the treated water, the application of cold lime 

treatment process has few limitations, however, operational 

difficulties may be encountered for example temperature 

variations, chemical dosing control, rapid flow variations etc. 

The cold lime treatment process has a significant potential 

advantage as a method for application to treatment of recycled 

cooling water. From the results CCPP exceeds the specification 

limits almost all the time.  

There are different parameters manipulated to achieve the 

chemistry objective, CW flow rate, lime dosing rate, retention 

time, clarifier de- sludge rate, to name a few. Very close 

supervision of the operation is required to reduce the carbonate 

hardness to ensure proper cooling water treatment control 

The advantages of lime treatment include a lower water 

consumption and an improved water balance. Carbonate 

hardness can be reduced to practically the theoretical limits 

irrespective of the temperature.  

B. Neutralisation  

It can be observed from Fig 2 that the CCPP exceeds the 

specification values almost all the time. Dosing of sulphuric 

acid to the main cooling water stream has negative 

consequences whereby it increases the sulphate concentration 

requiring additional blow downs as the sulphate ion will be the 

limiting ion in terms of concentrations. More than usual blow 

downs require more frequent cooling tower make-up, thus 

increased costs. 

When sulphuric acid is utilized for alkalinity and pH control, 

it is essential that the acid is dosed on a continuous basis.  Slug 

dosing of acid which causes major drops in alkalinity followed 

by equivalent increases in alkalinity which must be avoided.  

Such operations result in alternate corrosive conditions 

followed by scale forming conditions. 

C. Desalination Treatment Process 

The reverse osmosis process comes with extreme 

maintenance costs. Numerous factors interfere with efficiency 

of the process for example, ionic contamination (calcium, 

magnesium etc), Dissolved Oxygen Carbon (DOC), bacteria, 

viruses, colloids, and insoluble particulates, biofouling and 

scaling.  

In extreme cases, the RO membranes are severely damaged. 

To lessen the damage, various pre-treatment stages are 

presented. Anti-scaling inhibitors including acids and other 

agents such as the organic polymers, polyacrylamide and 

polymaleic acids phosphonates and polyphosphates. Inhibitors 

for fouling are biocides (as oxidants against bacteria and 

viruses), such as chlorine, ozone, sodium or calcium 

hypochlorite.  

At regular intervals, depending on the membrane 

contamination, fluctuating cooling water conditions, or when 

prompted by monitoring processes, the membranes need to be 

cleaned, known as cleaning in place (CIP) or shock-flushing. 

Cleaning and flushing is done with inhibitors or CIP chemicals 

in a fresh water solution and the plant must go offline. 

The results indicate that desalination is the best treatment of 

choice for cooling water treatment but all the variables 

including operating and maintenance constrains must be taken 

in to consideration. It is costly and does generate other waste 

streams that needs to be handled in the later stage. 

At present the cost of cooling water treatment is higher, but it 

is expected that costs will continue to decrease with technology 

improvements that will include, but are not limited to, 

improved efficiency, reduction in plants footprint, 

improvements to plant operation and optimization, more 

effective feed pre-treatment, and lower cost energy sources. 

[54, 55] 
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