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Cleaning In Place, CIP 
 

Introduction 
Cooling water and process streams that are used for cooling or heating frequently caused fouling of 
heat transferring equipment. The fouling deposit causes decreasing of heat duty of this equipment. 
Therefore, for maintaining of the original heat duty, this equipment must be more or less frequently 
cleaned. 
 
Two different cleaning methods may be listed: 
1. Mechanical cleaning (deposits are removed by brusher, abrasive balls, high pressure water, ultra-   
    vibrations, etc). 
2. Chemical cleaning (deposits are removed due to action of chemicals by means of dissolving). 
 
Both methods may be applied either with or without dismantling of the heat exchangers. However, 
when dismantling of heat exchangers is difficult or impractical and/or when mechanical cleaning for 
some reason can not be used, then cleaning–in–place (CIP) version of the chemical cleaning may be 
the only practical way to clean this equipment. 
 
Principles of the CIP procedure  
 
CIP – cleaning–in–place, is a cleaning procedure based on a slow circulation of cleaning solution 
(preferably heated to approx. 60–80°C) through the heat exchanger or other fouled process equipment. 
 
The linear velocity of the cleaning solution is very low, only 5–10 cm/s. Therefore the fouling deposit 
is not removed by action of shear forces between the circulating liquid and fouling deposit, but mainly 
only attacked by chemicals. The chemicals may attack the fouling deposit in a number of different 
ways: 
 
a. Complete or partial dissolving or destruction of the deposit due to chelating or chemical reaction    
    between the deposit and cleaning agent.  
 
Typical examples are: 
a. Chelating and dissolution of calcium carbonate by phosphoric acid. 
 
b. Complete or partial dispegation of the deposits containing such matter as and, fibres and ash. 
c. Minimizing of adhesive forces between the deposit and the heat transferring surface. 
d. Killing bacteria and other living organics present in the fouling deposit. 
 
Circulation velocity of the cleaning solution is approximately only 1/10–1/20 of the liquid velocity at 
normal operation. As a consequence of that low circulation velocity of cleaning solution during the 
cleaning procedure, the main part of the fouling deposit, particularly in cases c. and d, is still attached 
to the surface also after the cleaning procedure has been brought to a close and is removed from the 
equipment first during subsequent normal operation. 
 
Therefore, it is more or less necessary, that the cleaned equipment is not left on stand–by after the CIP 
procedure, but is immediately put back into the normal operation. 
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Field of application 
 
The CIP procedure may be used in a number of different applications. Depending on the type of 
cleaning agent used, the following applications are possible: 
 
1. Removal of slime–like deposits consisting mainly of bacterial slime as typical in some cooling  
    tower systems.  
2. Removal of clay–slime like deposits as typical in once–through cooling systems, using river or sea  
    water as a coolant.  
3. Removal of hard scaling deposits containing carbonates, sulphates and other salts of calcium,  
    magnesium, iron, and other metals. These deposits can be either dissolved in acids such as nitric  
    acid, phosphoric acid, etc. or chelated for example by EDTA, NTA, or citric acid.  
4. Removal of corrosion products is another area, where CIP may be used.  
 
CIP method probably cannot be used for removal of fibrous deposits, such as paper pulp and hair. 
Neither macro deposits, such as stones, plastics bags and shell fishes can be removed by this method. 
 
CIP–procedure 
 
The CIP–procedure itself will however be slight different in different applications and for different 
fouling types, but it may be generalized as follows: 
1. Draining of the Heat Exchanger or machine 
2. Rinsing with fresh water 
3. Draining of rinsing water 
4. Filling with fresh water 
5. Addition of cleaning agent (chemical) 
6. Circulation and heating of cleaning solution 
7. Draining of cleaning solution 
8. Rinsing with fresh water 
9. Draining of rinsing water 
 
Detailed execution of each moment is dependent on, for example, the size of the machine, draining 
way of the machine, the cleaning agent used, etc. and must be specified for each application 
separately. 
 
Design discussions 
 
Before any decision concerning CIP application is made, the following questions should be seriously 
discussed to avoid operation problems and negative effects later on: 
 
1. Type and origin of fouling deposit with regards to proper choice of cleaning agent. 
2. Safe and from environmental aspects acceptable handling and discharge of used cleaning solution 
as well as handling of cleaning agent itself. 
3. Size, number and position of the machine to be connected to the CIP–circuit. 
4. Cleaning intervals and the procedure itself. 
5. Mobile vs. stationary CIP equipment. 
 
Only when all the above questions are clear, the detail design of the CIP equipment should be done. 
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Generalized description of the Cleaning–In–Place procedure for removal of biological type 
deposits (slime–like deposits) on cooling water side of the Plate Heat Exchanger, PHE (cooling 
water for example). 
 
1. Shut down the machine or PHE and close carefully the stop valves (A and B) on the side of the  
    PHE, which is to be cleaned. It is not necessary to drain this side of the PHE. 
 
2. Connect the CIP–equipment to the PHE (if connections are not permanent) as shown in the figure  
    below. Open valve C, D and E is still closed. Fill circulation tank with fresh water. 
 
3. Start circulation through the PHE and fill more water if necessary. Start heating the circulating  
    liquid. 
 
4. When the temperature of the liquid has reached 45–50° C add suitable cleaning agent to the  
    circulation tank in amount corresponding to 3% solution (approx. 30kg per 1m3 of circulating    
    liquid). 
 
5. Keep circulating the cleaning solution through the PHE during approx. 1-2 hours. Go on heating the  
    circulating solution until the temperature reaches approx. 70° C. 
 
6. After approximately 2-3 hours’ circulation at 50–70° C, stop circulating and heating the cleaning  
   solution. 
 
7. Drain cleaning solution, if necessary. Draining procedure is to be specified particularly for each  
   PHE installation. 
 
8. Close circulation valves immediately after draining (C and D) and put back the PHE to the normal  
    operation for flushing out the loose fouling deposit. It is recommended to use maximum water flow  
    during the first 3–4 hours after the CIP. 
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Note 1. Do not let the PHE be empty during a long time prior to the CIP and after the CIP before the  
            loose deposit is flushed out of the PHE since dried deposit is very difficult to remove. 
 
Note 2. In case that both valves of the other side of the PHE (not shown in the figure), which is not to  
            be cleaned, are completely closed, it is necessary to vent this side of the PHE. Otherwise,    
            gaskets of the PHE may be damaged due to thermal expansion of the liquid. 
 
Note 3. Cleaning agent should be added gradually during circulation in order to avoid local high  
             concentration. 
 
 
 
Similar procedures utilizing other cleaning agents can be used for cleaning of other types of fouling 
deposits as well. 
 
 
Environmental regulations and CIP 
 
Cleaning solutions are as rule strong alkaline or acid liquids. Alkalinity or acidity of cleaning solution 
naturally is reduced during cleaning procedure, but even so pH–value of used cleaning solutions may 
reach as extreme value range from 1 and 13.  
 
It is self evident that such strong acid or alca–line solutions must not be discharged to public waters 
without previous treatment – neutralization. In several cases, industrial plants (particularly chemical 
plants) have already waste treatment utilities that may well handle also CIP effluent, which 
considerably reduces our and customers’ problems and simplify the CIP equipment. 
 
However, the situation gets more complicated when waste treatment utilities are not available for 
treatment of CIP wastes. In those cases used cleaning solution must be neutralized in the CIP 
equipment prior to the discharge. This neutralization may be performed either directly in the 
circulation or just after each cleaning procedure with immediate discharge or in a separate storage 
tank. Neutralization in a separate storage tank should be preferred since it creates possibility to re–use 
the cleaning solution and thus reduce the chemical costs. 
 
After neutralization all cleaning solutions may usually be released into public water under condition 
that fouling deposit does not contain heavy metals. This situation occurs in most applications when 
CIP is used for cleaning of waterside deposits originating from river, lake and sea water as well as 
from cooling tower water, and when cooling water pipes, pumps and screens are made of carbon steel 
or corrosion resistant materials. 
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