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Executive Summary 
 

The need for reducing pollutant loadings in waste stream assumes paramount 
importance in the context of shortage of water for application such as irrigation, 
gardening and lawns. As a part of Smart Water Fund project, investigation was 
undertaken to reduce pollutant loadings, in particular, sodium in waste stream from 
clean-in-place (CIP) systems of food and beverage industries. Two approaches, 
namely, 1) replacement of caustic detergents with alternate non-sodium based 
detergents and 2) recovery and reuse of caustic detergents using membrane 
technologies, were explored to realize this need. In this report, the findings from the 
investigation based on these two approaches are reported. 
 
In order to understand the nature of fouling that occurs at food and beverage 
industries, a survey was conducted among fifteen food and beverage industries.  The 
cleaning process, especially, CIP, an automated cleaning system, was mainly focused 
as significant amount of sodium found in trade waste from the food and beverage 
industries originates from CIP. Three industries were selected from this list of fifteen 
industries, which represented wide spectrum of fouling in the waste stream. The 
samples of detergent wash and post-rinse were collected from these industries and 
they were analysed for characteristics such as concentration of NaOH, chemical 
oxygen demand (COD), turbidity and total dissolved solids (TDS).  
 
A test rig was designed and fabricated to simulate fouling and cleaning process that 
occur at the beverage industries. Flow characteristics and design details of main 
components of food processing units such as heat exchangers and mixing/balance 
tank, were taken into account in the design of the test rig. Superheated steam to heat 
20 kg of beverage and cooling the beverage using recycled water were considered in 
the design.   
 
The test rig was used to conduct rigorous investigation in saving water and reducing 
sodium loadings. The issues related to cleaner production were addressed. 
 
Barbeque sauce from Kerry Ingredients, tomato juice from Cadbury Schweppes and 
orange juice from Golden Circle were chosen to represent high, medium and low 
fouling, respectively. The effect of processing parameters, namely, temperature, flow 
rate and processing time to achieve the level of fouling similar to that of the industry, 
was studied.  
 
In order to understand the nature of fouling, the samples of detergent wash and post-
rinse were collected and analysed for characteristics such as concentration of 
detergent, chemical oxygen demand (COD), UV Visible absorbance, turbidity and 
total dissolved solids (TDS) for all the trials at the test rig.  
 
Six types of commercial detergents, which are based on 1) KOH, 2) herbal, 3) organic 
acid, 4) citric acid, 5) enzyme and combinations of NaOH and KOH, were found to be 
highly effective for CIP cleaning at the beverage industries. In addition, pure NaOH 
and KOH detergents, either alone or in combinations, were also used. These 
commercial detergents are 1) Conquest K ( KOH), 2)Triple 7 (herbal), 3) Pur-line 



382A (sulphamic acid/oxalic acid) , 4) Citronox (citric acid), 5) Quaterzyme (enzyme), 
6) Easi Advantage Plus (NaOH/KOH) and 7) Concept C20 (NaOH/KOH) were used 
in this inestigation. NaOH and KOH were formulated with 1:1, 1:3 and 3:1 by weight.  
Among these detergents, Triple 7 and Citronox were found to produce comparable 
levels of cleaning. NaOH/KOH combination with 1:3 proportion is found to have 
better cleaning efficiency than other proportions. Higher KOH in the proportion is 
found to produce better cleaning. 
 
Tomato juice and orange juice were found to produce very low fouling even after 
processing at 92-95 C for more than 5 hours and flow rate. As a result, performance 
evaluation of alternate detergents for these beverages could not be conducted. 
However, the findings that are made with trials on barbeque sauce are quite suitable 
as all of them have major ingredients of sugar and starch. 
 
Cost benefit analysis CIP cleaning for Kerry Ingredients, Golden Circle and Cadbury 
Schweppes have been conducted. As regards Kerry Ingredients, Purline 382A can 
create a savings of $3844.9 among alternate non-sodium based detergents. Detergents 
of NaOH and KOH combinations can produce less expenditure. However, they are 
found to have less cleaning efficiency than that of the reference detergent: Avoid, the 
exception being the combinations with higher KOH combination. Concept C20 is also 
found to be low in expenditure but it has only 20% KOH. 
 
In the case of Golden Circle, all alternate detergents except Easi Advantage Plus, 
Triple 7 Citronox and quatrazyme, are comparable in terms of cost. As for Cadbury 
Schweppes, all alternate detergents except Easi Advantage Plus, Triple 7, Citronox 
and quatrazyme, are found to produce benefit less in terms of cost. 
 
Sensitivity analysis was conducted by varying circulation time of detergent wash and 
concentration of detergent. The following are the observations: 

• As regards the studies on the effect of circulation time on the detergent 
performance, significant improvement is found for all detergents except 
Citronox. Quaterzyme was found to have remarkable improvement when the 
circulation time was conducted beyond 30 minutes. 

• As regards the studies on the effect of concentration on the detergent 
performance Quaterzyme and Citronox are found to show comparable 
performance when their concentration was reduced to 1.5% v/v. Even though 
Conquest K and Quaterzyme show improvement in cleaning with increase 
concentration, its overall cleaning action is not adequate. 

• Conquest K and Triple 7 are comparable in cost for all three industries. Cost 
of Conquest K is increased and that of Triple 7 and Citronox came down 
significantly after the sensitivity analysis based on concentration. 

 
Beside the studies to reduce sodium loading in waste stream, effort to reduce water, 
power and other resources is needed by optimizing the CIP cycles through online 
monitoring.  
 
Online monitoring can provide an insight to understand cleaning process in any CIP 
system. It can be used to optimize the cleaning process in CIP systems as it can 
provide us the nature and level of fouling during cleaning cycle.  Based on the 
literature survey and commercial success of applicability to water industries, UV 



Visible spectrometric technique was chosen for online monitoring in this project. As 
online monitoring at the industrial site was not practical due to rigorous production 
schedules, offline study was undertaken.  
 
Samples of detergent wash and post-rinse at periodic intervals from the Kerry 
Ingredients were collected and analysed for UV absorbance, COD, turbidity, EC, TDS, 
TSS and pH. The samples and data that were generated from studies of evaluation of 
alternate non-sodium based detergents for their cleaning performance, were also used 
in optimizing CIP cycles.  The findings from this analysis can be adapted at a later 
stage.  
A predictive model was formulated based on a correlation between COD and 
cumulative UV Visible absorbance level of the samples, which was calculated from 
the area under the curve of UV visible spectrum. It can be used to infer the level of 
fouling and cleaning for any detergent wash without tedious process involved in 
manual laboratory tests such as COD.  
 
Predicted CODs and observed CODs for these samples are found to correlate well. 
This correlation can be used to optimise the cycles used in washing CIP systems 
through offline. It is to be noted that the model is found to predict well the COD of 
samples from Kerry Ingredients confirming the applicability of online monitoring of 
UV Visible spectrometer to optimise the CIP cycles and quality of cleaning in CIP 
systems. All the recommendations for establishing optimum cleaning in the industry 
are discussed in this report.  
 
In an effort to recover and reuse used caustic detergent from used CIP solutions, a 
technical assessment of the use of ceramic membranes was conducted. 
 
Although Suspended Solids (SS) and Chemical Oxygen Demand (COD) data on 
filtered CIP waste showed an improvement in the permeate quality after filtration, 
there was no significant improvement in comparison to the initial CIP waste.  
 
The CIP waste solutions provided from the industries were very clean and thus reuse 
without filtration should be considered for these industries before filtration is 
implemented. However, filtration could play a role in cleaning up caustic solutions 
that are more contaminated with suspended solids. 
 
Pilot scale work could produce more insightful results as greater volumes, higher 
pumping pressures, and longer runs should lead to more reliable results. If pilot work 
is undertaken, it is suggested to use a membrane of around 100 nm pore size as a 
starting point to benefit from reasonably high flow rates and effective filtration. 
 
In selecting the pore size, the composition of the CIP solution needs to be considered. 
If the solution contains build additives, such as surfactants, the membrane should 
enable them to pass through.  
 
If SS measurements are conducted, it is recommended that the effect of filter paper 
pore size test be assed as small particles below 1.2 µm may not have been measured 
in the current tests as a 1.2 µm was used by the testing laboratory. 
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Introduction 
 
With the increasing demand to use recycled water, the need for reducing sewer 
loadings and high quality trade waste discharges becomes essential. Total Dissolved 
Solids (TDS) in treated water is considered to be a key limiting factor in recycling as 
it has a very significant impact on soil productivity [1]. Industry and commerce sector 
generates a large amount of TDS. As an instance, almost half of the TDS in treated 
water comes from the industry and commerce sector in the Western Melbourne 
metropolitan region. 
 
Reduction of salinity in recycled water can be achieved by adopting prominent 
approaches such as end-of-pipe desalination technologies, segregation of salty streams 
at source and salt reduction and substitution at source. Among these approaches, salt 
reduction and substitution at source appear to be the best approaches as they avoid 
costly desalination technologies and the difficult handling of the segregated by-
products. 
 
As a part of government’s commitment to improve industrial water management, 
water authorities have started initiatives with industrial and commercial customers 
and the EPA to develop cleaner production programs, thereby reducing TDS 
discharges. In particular, Melbourne Water and City West Water, in their drive to 
reduce salinity for the Western Treatment Plant, have set a target of reducing the salt 
content of recycled water by 40% at the end of 2009 [1]. All government owned water 
businesses at Melbourne are required to achieve 20% reuse of wastewater by 2010.  
 
The food and beverage industries that represent 22% of the total Victorian 
manufacturing turnover [2], are significant contributors to trade waste and salt 
discharges. Besides, the Total Dissolved Solids (TDS) that comes from the products 
manufactured, a considerable portion of TDS is contributed from chemicals used in 
cleaning. This TDS, in particular, the sodium based chemicals, is currently the major 
inhibitor to the sustainable reuse of treated effluent for irrigation purposes. 
 
It is found that significant amount of sodium found in trade waste from the food and 
beverage industries originates from Clean-In-Place (CIP) practices. The reason for 
this is that conventional cleaning agents used in CIP systems are usually based on 
caustic soda, and/or require strong acids or bases for neutralization. This results in 
high dissolved solids levels, especially sodium levels, being discharged from factories 
in trade waste. 
 
The Smart Water Fund, established in 2002, presents opportunities to create and 
develop innovative water resource management programs. In particular, the Fund 
encourages approaches to recycle water, bio-solids and water savings for future urban, 
and environmental needs. In 2005, Deakin University were awarded a project funded 
under the Smart Water Fund entitled, “Alternative Industrial Cleaning Practices to 
Reduce Sewage Loadings”.  
 
This project aims to investigate new and innovative chemicals, cleaning processes and 
recovery methods for industry in an effort to reduce water use and pollutant discharge. 
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CIP which is an automated cleaning system of the processing unit of the food and 
beverage industry is given the main focus in this investigation. 
 
In order to improve current industrial CIP systems, the following approaches were 
investigated: 

• Replacement of conventional cleaning agents with low-TDS or TDS-free cleaners, 
with a specific focus on sodium-free cleaning agents, 

• Recovery, treatment and subsequent reuse of cleaning agents using membrane 
filtration,  

• Optimisation of cleaning cycles through new on-line monitoring techniques and 
technology transfer of improved CIP practices to industries. 

 
It is expected that the outcomes of this project can be adopted in all food and beverage 
industries and in other metropolitan regions and across Victoria. As a result, the 
salinity level can be brought down remarkably in the treated recyclable water from the 
Western Treatment Plant. 
 
This report contains 6 chapters. Chapter 1 discusses the outcomes of the survey 
conducted at initial period of the Smart Water fund project. Details of the food and 
beverage industries surveyed are discussed. A survey of all available alternate 
detergents and suppliers is also discussed in this chapter. Findings of a preliminary 
investigation on the cleaning practices on the chosen industries are presented. The 
results of the direct trials with alternate non-sodium based detergents at the industry 
are also discussed.  
 
Chapter 2 discusses with the design and fabrication of a test rig, a miniaturised 
version of processing unit and CIP systems. It deals with the findings from the 
experiments that were conducted at the test rig. Cost benefit analysis of alternate non-
sodium based cleaning agents is also discussed. 
 
Chapter 3 deals with sensitivity and cost benefit analysis of the alternate non-sodium 
based cleaning agents.  
 
Chapter 4 deals the online mentoring techniques that can be used to optimize the 
cleaning CIP cycles. A correlation model that can be used to monitor the COD using 
UV Visible spectra of the waste water stream is proposed.  Optimization of CIP cycle 
is also discussed. 
 
Chapter 5 discusses the recovery of cleaning agents, in particular, caustic cleaning 
agent. The outcome of the investigation into the recovery of the caustic cleaning agent 
from the used cleaning agents of different food and beverage industries is also 
presented. 
 
Chapter 6 discusses the recommendations and conclusions. 

References 
1) Victorian Government Department of Sustainability and Environment (2004): 

Securing Our Water Future Together, White paper. 
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Chapter 1: Analysis of CIP Cleaning with Caustic/Non-
caustic Detergents at Food and Beverage Industries 

1.1 Introduction 
 
Large quantity of water and chemicals are used in cleaning processes in the food and 
beverage industry to maintain hygiene standards. Conventional cleaning agents 
contain normally sodium based chemicals such as sodium hydroxide to facilitate the 
cleaning process effectively. These chemicals, when discharged, reduce the possibility 
of using treated effluent sustainably for irrigation purposes.  
 
This chapter provides the details of the work done since the start of the project. It 
covers the period from the start of the project to till date. It discusses the outcomes of 
the survey conducted at initial period of the Smart Water fund project. A survey of all 
available alternate detergents and suppliers was carried out. A limited number of 
direct trials with alkaline detergents, in particular, potassium hydroxide based ones 
were conducted at one of the participating beverage industries. In this chapter, the 
details of the survey, direct trials will be discussed.  

1.2 Survey of Food and Beverage Industries 
 
As part of the project, a survey of 15 food and beverage companies was undertaken in 
the Melbourne Metropolitan region for the following reasons: 
 

• to understand typical cleaning practices of food and beverage companies 
• to gather information on manual cleaning methods, CIP systems, cleaning 

frequencies and types of chemicals used 
• to undertake a future course of action  

 
Cleaning methods such as manual and CIP systems, cleaning frequencies and types of 
chemicals used, were examined.  
 
Based on the review of the survey and the interest of the industries, the following 5 
industries were selected for further collaboration: 

1) Kerry Ingredients 
2) Cadbury Schweppes 
3) Independent Distillers 
4) Golden Circle 
5) Nestle Ice-cream 

Out of these five industries, only Kerry industries, Golden circle and Cadbury 
Schweppes showed keen interest in the participation.  

1.2.1 Kerry Ingredients 
 
Kerry Ingredients manufacture mainly wet and a small amount of dry (powder) 
industrial and retail food ingredients such as sauces, marinades, fondants, syrups. 
They company produces in the order of 3,000 products and their variations. The 
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process has a single CIP system used for kettles and marinades only. The remaining 
equipment is cleaned ‘batch wise’ i.e. chemical is manually prepared and flushed 
through tanks and equipment. A 10,000 litre tank stores used caustic detergent 
(sodium based). The caustic is re-used for approximately 10 cycles and then it is 
automatically refreshed.   
 
Several visits were made to Kerry Ingredients to understand the process during 
production of the beverages and cleaning of the fouling. As the production is 
relatively medium and open to visual inspection, the visits to this industry was more 
educative and useful in the consideration for the design of test rig.  
 
Barbeque sauce is found to produce more fouling. Therefore, it was taken for our 
further studies. Sodium hydroxide of 1.5% concentration from Ecolab is used as the 
main detergent in cleaning. It is recycled 10 times before it is drained to sewer. 

1.2.2 Golden Circle 
 
Golden Circle which is also known as Original Juice Co. produces fruit juices such as 
orange, apple and grapefruit, fruit drinks, still water and sports drinks. It has CIP 
systems on 4 heat exchangers/pasteurisers. Only one system is operated automatically, 
the others are manually operated. The one automated pasteuriser collects final rinse 
water for pre-rinse during the next wash and collects caustic for reuse. Two filling 
machines have automated CIP systems included. The oil recovery and evaporator 
system has a manual (batch CIP) system and caustic cleaning solution is also 
reclaimed for reuse. CIPs consist of a daily water rinse and caustic wash (sodium 
based) and sanitise (sodium hypochlorite). Acid washes take place weekly.  

1.2.3 Cadbury Schweppes 
 
Cadbury Schweppes - Beverage produces alcoholic mixed drinks, sport drinks, soft 
drinks and fruit juices. It has two separate CIP sets for two hot fill beverage lines. One 
CIP set has a 4 tank system which consists of water, pre-rinse that is returned 
detergent from last wash, caustic detergent and iodine-based sanitizer tank. The 
second system has only water, caustic and sanitizer tank, i.e., no pre-rinse tank. 
Although there is some reuse of chemical and water, there is scope for improvement. 
Manual cleaning takes place about every 36 hours using a phosphoric acid/QAC 
based foam and acetic acid based sanitizer. 

1.3 Analysis of Samples from Industries  
 
The purpose of this analysis is to gain insight into the nature of fouling and level of 
cleaning that is being achieved. The results for the samples of three selected industries 
are discussed in this section. 

1.3.1 Kerry Ingredients  
 
Samples were collected during detergent cleaning and post-rinse. As regards the 
detergent cleaning, they were collected every15 sec for first 5 minutes and every 5 
minutes for remaining 30 minutes. In the case of post-rinse, they were collected every 
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1 minute out of 5 minutes during post rinse. Before cleaning, it was visibly observed 
that fouling was more in heat exchanger than mixing tank. The results for electrical 
conductivity, NaOH concentration, turbidity, pH and salinity are shown in Figs.1-4. In 
all these figures, the values are quite low until approximately 3 minutes. Maximum 
value reaches immediately after it. It is due to the dilution effect from pre-rinse water 
left behind in the mixing tank. It can be noticed that only minimum changes occur 
after this. It is due to minimum fouling that is left behind during pre-rinse. Turbidity 
becomes low at the end of detergent wash, indicating that the cleaning is done 
significantly well. However, the COD value is not reduced even at the end of the 
detergent wash as shown in Fig.4. It indicates that the nutrients such as sugar, protein 
and fat are accumulated over a period in the detergent solution that is being used 
repeatedly. 
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Fig.1 Electrical conductivity and concentration of detergent during detergent wash. 
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Fig.2 pH changes during detergent wash. 



Smart Water Fund - Industrial Cleaning Practices                                                             

Prepared By:  subbu Page 15                             created on 1/12/2009 
Modified on 10/09/07 

Turbidity during Deteregent Wash
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Fig.3 Turbidity changes during detergent wash 
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Fig.4 COD changes during detergent wash. 

 
The changes in pH, electrical conductivity and turbidity during post-rinse are shown 
in Figs.6-7. pH value of 7.57 is reached at the end of post-rinse indicating the removal 
of NaOH to a large extent. The values of electrical conductivity and concentration of 
the detergent are low at the end of the post-rinse as shown in Fig.5. The turbidity 
value is found to be very low even at the beginning of the post-rinse.  
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EC and Concentration during Post-rinse
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Fig.5 Electrical conductivity changes during detergent wash 
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Fig.6 pH changes during detergent wash 
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Fig.7 Turbidity changes during detergent wash. 
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It can be inferred from the Figs.5 -7 that changes in electrical conductivity, 
concentration, pH and turbidity become insignificant after 180 – 200 seconds. The 
post-rinse can be stopped at this point safely. The COD values for the post-rinse 
samples are found to be below the threshold of any detection. 

1.3.2 Golden Circle 
 
Samples were collected at Golden circle during detergent wash and post-rinse at the 
interval of 1 minute for the first five minutes and 2.5 minutes for the rest of the time.  
The results from the analysis of the detergent wash are shown in Figs. 8-10. The 
changes in pH and electrical conductivity are very low during the detergent wash. It 
indicates that the fouling that occurs on the surface during production is very low. The 
fact that pH is 12.29 even at the end of the wash points out the low usage of NaOH in 
any reaction during cleaning. The concentration (2%) can be reduced still further 
without compromising the quality. Turbidity is steady from the start and very low 
even at the end of the wash as shown Fig 9, indicating the low degree fouling that 
occurs due to fruit juices.  
 
The concentration of the caustic detergent is above 4.0%, which is relatively high as 
shown in Fig. 8.  As the level of fouling is so low that can be seen in Fig. 9, the 
concentration of the detergent can be reduced. 
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Fig. 8 Changes of pH and electrical conductivity during detergent wash. 
 



Smart Water Fund - Industrial Cleaning Practices                                                             

Prepared By:  subbu Page 18                             created on 1/12/2009 
Modified on 10/09/07 

Turbidity and pH Changes during Detegent Wash
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Fig.9 Changes of Turbidity and pH during detergent wash. 
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Fig.10 COD profile during detergent wash. 
 
It can be inferred from Fig. 11 that the fouling is cleaned after 3 minutes of post-rinse. 
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COD profile during Post-rinse 
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Fig.11 COD profile during post-rinse. 

 
The values of electrical conductivity and turbidity during post-rinse further prove that 
the cleaning is completed after 3 minutes.  
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Fig.12 Changes of electrical conductivity during post-rinse. 
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pH and Turbidity Changes during Post-Rinse
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Fig.13 Changes of pH and turbidity during post-rinse. 
 
It can be inferred that post-rinse can be stopped after 4 minutes without affecting the 
product quality. Significant quantity of water and power can be saved by doing so. 
 

1.3.3 Cadbury Schweppes  
 
As the CIP cleaning is always conducted only during night times and outsiders are not 
allowed to collect the samples without the presence of Graeme Kentish, samples were 
collected by Cadbury staff. The results from the analysis of the samples are shown in 
Figs. 14-16. 
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Fig.14 Change in concentration of NaOH during detergent wash. 
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COD Profile during Detergent Wash
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Fig.15 Change in COD of the caustic for tomato juice. 
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Fig. 16 Turbidity profile during caustic wash. 
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 EC and Concentration Profile during Post-rinse
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Fig.17 Changes in concentration and electrical conductivity during post-rinse. 
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Fig.18 Change in turbidity during detergent wash. 
 

1.4 Characterization of Products from Food and Beverage 
Industries  
 
In order to carry out the simulation of fouling and cleaning, the products that create 
the most fouling are selected. 
They are: 

1) Kerry Ingredients: barbeque sauce 
2) Golden Circle: spirulina and fruity smoothy juice (export to New Zealand), 

orange juice and apple juice 
3) Cadbury Schweppes: gatrade and spring valley orange juice 
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These products except barbeque sauce and Spring Valley orange juice were bought at 
Coles and Safeway.  
In order to have a realistic design of heat exchanger, similar flow that occurs at the 
industries can be maintained using Reynolds number (Re). In order to calculate Re, 
density, viscosity and specific heat capacity of the products are to be determined.   
Densities of the juices were measured and found to be in the range of 1.4 g/cc.  
The viscosity of the beverages was measured using Brookefield viscometer at Food 
Science Australia. The viscosities of the juices are found be in the range from 2 cp to 
30 cp. 
The viscosity of barbeque sauce is shown in Fig. 19. As shear thinning effect is seen 
in barbeque sauce, it can be considered to be non-newtonian fluid. 
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Fig. 19 Viscosity profile at different temperatures and shear rates. 
 
The specific heat capacities of different juices are given in Table 1. The specific heat 
capacity of barbeque sauce has to be determined using DSC. 

Table 1 Specific heat capacity of fruit juices [1] 

Food 
Specific Heat Capacity above 
Freezing 

Specific Heat Capacity below 
Freezing 

(Btu/lboF) (kJ/kgoC) (kca/kgoC) (Btu/lboF) (kJ/kgoC) (kcal/kgoC)
Apples 0.87 - 0.87 0.42 1.76 0.42 
Grape juice 0.82 - - 0.41 1.72 0.41 
Lemon juice 0.92 3.85 0.92 0.44 1.84 0.44 
Lime juice 0.93 3.89 0.93 0.44 1.84 0.44 
Orange juice 0.89 3.73 0.89 0.43 1.8 0.43 
Peach juice 
fresh 0.89 3.73 0.89 0.43 1.8 0.43 

Pineapple, 0.88 3.68 0.88 0.43 1.8 0.43 
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fresh 
Pineapple, 
juice 0.9 3.77 0.9 0.43 1.8 0.43 

Raspberry 
juice, black 0.91 3.81 0.91 0.44 1.84 0.44 

Raspberry 
juice, red 0.93 3.89 0.93 0.44 1.84 0.44 

Sausage, 
franfurter 0.69 2.89 0.69 0.36 1.51 0.36 

Strawberry 
juice 0.79 3.31 0.79 0.39 1.63 0.39 

Tomato, juice 0.95 3.98 0.95 0.45 1.88 0.45 
Veal, flank 0.65 2.72 0.65 0.35 1.47 0.35 
 

1.5 Alternate Detergents and Suppliers 
 
As the purpose of the project is to reduce sodium content in the CIP cleaning practice, 
we will be restricting to only those detergents that can be used in CIP either as such or 
with slight modification. 

1.5.1 Selection of Detergents for CIP Cleaning  
 
In the process of cleaning, three major processes occur, namely, 1) reduction of 
surface energy, 2) conversion of part of insoluble substances into water soluble form 
and 3) separation of insoluble portions from the surface. 
 
Food processing industries need to ensure that processing equipments are clean and 
hygienic after the cleaning. Caustic detergent is widely used due to low cost and 
effective cleaning. Environmental demand for sodium reduction in the effluent makes 
the industries and other associated organisations to go for alternate non-sodium based 
detergents.  

1.5.2 Alternate Detergents 
 
The following are the major types of non-sodium based detergents widely used: 

1) Potassium hydroxide (KOH)  
2) Organic acid  
3) Herbal  
4) Enzyme  

 
Among organic acid based detergents, citric acid and sulphamic acid are popular. 
Herbal detergents find its use in cleaning floors and food processing equipments. 
Enzymatic Detergents are increasingly popular with most of the cleaning practices in 
all fields. 
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As regards food and beverages, protein, starch and fat are the main constituents of 
fouling that occur during food processing. In order to clean the fouling, these 
constituents should be converted into water soluble forms so that the cleaning of the 
surfaces becomes easy. Enzymes are widely used in the chemical conversion process.  
 
Enzymes are proteins and are normally used as biocatalysts in chemical reactions. 
Protease, lipase, cellulase and amylase are the main enzymes that are used in the 
formulation for food and beverage industries. Protease breaks down protein; cellulase 
converts cellulose into starch and sugar; lipases acts on fat or oil to get fatty acid and 
glycerol; amylase breaks starch down into simple sugar. 
 
Limited suppliers have the enzymatic detergents that are suitable to CIP applications 
in Victoria. Most of them are the detergents contain protease and lipase and are 
suitable for dairy applications.  

1.5.3 Detergents – Suppliers and Costs 
 
The details of all non-sodium based detergents were gathered from 8 different 
suppliers. KOH based detergent is found to be available from most of the suppliers. 
The level of surfactant and sequestrants is found to be varying among all these 
products.  
 
As regards the organic acid based detergents, citric acid based one is considered to be 
very weak and most of the suppliers either do not recommend or are not willing for 
any trial. One supplier, Sopura has come up with a detergent that comprises of 
sulphamic, acetic acid, formic acid, glycolic acid, lactic acid and gluconic acid. 
According to this supplier, this detergent has more active that that of citric acid in 
terms of performance.  
 
Enzyme based detergents attract more attention from the users internationally for 
mainly two reasons, namely, environmental friendliness and no damage to the 
processing equipments. However, it is not used in Australia due to higher cost and 
lack of awareness. Several suppliers have enzyme based detergents that are only 
suitable to diary industries as they contain protease and lipase. They are not suitable 
for beverage industries as these industries deal with starch, sugar and cellulose based 
product. Cellulase and amylase are needed for starch, sugar and cellulose based 
fouling based on Orica has this product that is being used in New Zealand. Two other 
suppliers are interested in formulating this product for a trial. 
 
The details of the detergents are provided in Tables 2 and 3. As some of the values 
such as N, P, K and Na have not been provided by a few suppliers, they are left blank.
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Table 2 Comparison of the cleaning chemicals. 
Sl. 
No. 

Industries Product N P K Na Composition Comments 

1 Ecolab Avoid 0 0 0 100 NaOH  
CIP Safe  

0.7 0.0 6.6 3.0 

  Highly built with alkaline salts not 
hydroxides. About 15% active alkalinity 

and 15% organic sequestrants 

 

CIPzyme P 
2.0 0.0 0.0 0.1 

Surfactant, enzymes and buffering agents – 
no highly alkaline additives 

 

Easi Advantage 
Plus <1 2 8.2 3 

Predominantly potassium based alkaline 
salts – only 2% free KOH 

 

Formula 308C  
0.0 1.6 15.0 2.0 

20% w/w KOH with about 10% w/w 
alkaline salts 

 

2 Orica 
 
 

Concept C15LF - - - - Potassium hydroxide <10%, Sodium 
hydroxide 30-60% R35, Non hazardous 
component(s) 30-60% 

 

Quatrozyme -- - - - Subtilisin <10%, Amylase <10%, Cellulase 
<1%, Non hazardous component(s) >60%, 
Sodium hydroxide 

 

Enviroash - - - -   
Envirozyme 
Plus 

- - - --   

Citrazolv - - - -   
3 Environ

mental 
Fluid 
Systems 

Triple 7 
Colloidal 
Concentrate 

- - - - ALCOHOL ETHOXYLATE 5%,TALL 
OIL FATTY ACIDS, ASPARTIC ACID, 
N-(1,2-DICARBOXYETHYL)-
,TETRASODIUM SALT  <1%, NON 
HAZARDOUS INGREDIENTS 

 

4 Jaegar KOH - - 100 0 KOH  
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5 Sopura 
 
 

Pur-Line 384c     KOH Note: Enzyme based on amylase 
and cellulase will be explored and 
may be supplied 

Pur-Zyme 801n     Protease and lipase 
Pur-Line 382a     Organic acids: sulphamic, acetic, formic, 

glycolic, lactic and gluconic acid 
6 Klen 

Internatio
nal 
 

Klen Vap     KOH Note: 
Enzyme based on amylase and 
cellulase will be explored and may 
be supplied; pH should be 
maintained 

Mem Klen 
110/Ec1 

    Tetra potassium pyrophosphate/Proteolytic 
Enzyme 

7 Jasol CIP Alkali K40  - - 100 - KOH  
8 Johnson 

diversey 
 

Divos Add 3  
(Vm16) 

    Acidic (nitric acid or sulphuric acid)  

Divos 110 
(VM7)       

    K based  

Divos 80-4 
(VM2)        

    Enzyme  

Solo (VC27)      K based  
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Table 3 Cost and processing conditions 
Sl. 
No. 

Industries Product Unit price 
(per L) 

Quantity 
(L) 

Price ($) Concentration 
(%) 

Recommended 
dilution 

Temperature © Time (min) 

1 Ecolab Avoid 3.80 200  30 1.5 - 2 70  30 - 40 
CIP Safe  4.20 200  10 2 - 3   
CIPzyme P 8.80 200   2 - 3   
Easi Advantage 
Plus 

6.95 30/200  30 2 - 3 70  30 - 40 

Formula 308C  6.50 25/200  30 1.5  - 2.0 70  30 - 40 
2 Orica 

 
 

Concept C15LF   20 52.4 40 0.8-1.0   
Quatrozyme   20 300 100 0.2-0.5   
Enviroash        
Envirozyme Plus        
Citrazolv        

3 Environmental 
Fluid Systems 

Triple 7 Colloidal 
Concentrate 

 20 
 
 
200 

208.00 
 
 
 
1,872.00 

20 1   

4 Jaegar 
 
 

KOH  20  40 1.0 80 30 

5 Sopura 
 
 

Pur-Line 384c 2.40 25 
 
200 

 30    

Pur-Zyme 801n 6.50 25 
 
205 

  0.5 -3.0 35-45  

Pur-Line 382a 2.20 25  >30 0.5 - 1.5  40-60 
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205 

6 Klen 
International 
 

Klen Vap 1.93 200  386 50 1.0-2.0 70 - 80  
Mem Klen 110/Ec1 3.20/7.40       

7 Jasol CIP Alkali K40   25 
 
200 

121.25 
 
929.36 

40 1 70 30 

8 Johnson 
diversey 
 

Divos Add 3  
(Vm16) 

  20 185.06     

Divos 110 (VM7)       20 120.39     
Divos 80-4 (VM2)      200 815.23     
Solo (VC27)   200 1350.00     

NP- Not provided
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1.6 Direct Trials of Alternate Detergents at Kerry 
Ingredients  

As nature of fouling in food beverage industries does not involve any complex 
mechanism as happened in diary processing, trial with test rig appears to be 
unnecessary. Direct trial at the industrial site is more beneficial and authentic. Kerry 
Ingredients has agreed to go for a direct trial technically, the following non-sodium 
based chemicals are recommended for trials at the site: 
o NaOH/KOH 
o KOH 
o Organic acids: sulphamic acid and Citric Acid 
o Enzymatic 
Alkaline detergents were used in all the trials. The main constituents are either KOH 
or KOH and NaOH combination. 
 
Limited trials were carried at Kerry Ingredients over the period of one month. 
Detergents from suppliers such Ecolab and as Jaegar were used in these trials. In 
order to understand the fouling at the mixing tank and heat exchanger, the samples 
from pre-rinse, detergent wash and post-rinse were collected periodically. The 
samples are analysed for chemical oxygen demand (COD), electrical conductivity, 
salinity, turbidity, TDS and alkaline concentration to determine the nature and level of 
fouling. 
 
Analysis of the pre-rinse samples is carried out to understand the nature and level of 
fouling at the processing equipment surface can be understood from analysis of the 
pre-rinse, detergent wash and post-rinse samples. During the detergent wash, almost 
all the tenacious fouling that cling to the surface are normally removed by reducing 
the surface energy. In addition, partial reaction of alkaline chemical(s) and the 
separation the fouling from the surface would also take place. Analysis of the post-
rinse samples provides us the qualitative picture of the cleanliness of the processing 
equipment. Performance of the detergents can be gauged using the COD, electrical 
conductivity, turbidity and concentration values of the samples. Swap tests are carried 
out after cleaning with each detergent. The surface can be considered hygienically 
100% safe for further production when no micro-organism is found with swap test. 

1.6.1 Detergents Used 
 
The details of the detergents are provided in Table 4. 25 L of 40% KOH based Clean 
Skin of Jaegar was diluted to 1000 L of water in the mixing tank. It was repeated in a 
similar tank. 25 L of 30% of Formula 308C from Ecolab was diluted to 1000 L of 
water in the mixing tank. 22 Kg of Easi Advantage Plus from Ecolab was diluted to 
1000 L of water in the mixing tank. 
 
Table 4 Detergents and processing conditions. 
Sl. 
no 

Detergent Main  
ingredient 

Active  
concen
tration 

Dilution 
level 

Quantity 
used (L) 
for 1KL 

Temper
ature 
(0C) 

Supplier 

1 Avoid NaOH 30% 1.2%  70  Ecolab 
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2 Clean 
Skin 

KOH 40% 1% 25  80 Jaegar 

3 Formula 
308C         

KOH 30% <1% 25  70 Ecolab 

4 Easi 
Advantag
e Plus 

20% KOH 
+ 10% of 
NaOH and 
alkaline 
salts 

30% <1% 25 (22 Kg) 70 Ecolab 

1.6.2 Pre-rinse 
 
The COD values for the pre-rinse are shown in Fig. 15. It is to be noted that chunks of 
particles that adhered to the walls of the mixing tank were flushed out manually 
before the pre-rinse. 
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Fig. 15 Pre-rinse of three washes. 
 
From Fig. 1, it can be seen that the major fouling is removed after 5 minutes of the 
rinse for KOH and Formula 30 0 C based washes.  For the tank of Easi Advantage 
plus, the COD is found to be higher than that of other two washes even after 10 
minutes. However, the COD and turbidity values for all the rinses are almost 
stabilised after 5 minutes. This indicates that the pre-rinse can be stopped after this 
time as most of the dissolved and suspended solids are removed at this stage. 

1.6.3 Detergent Wash 
 
All detergent washes was conducted at 700C for detergents except that of Clean Skin. 
The detergent was diluted at the mixing tank to 1000 L and heated to the set 
temperature. After the set temperature was reached, it was circulated as a closed 
system for 30 minutes. The washes based on Clean Skin fro Jaegar and Formula 308C 
and Easi Advantage Plus from Ecolab were compared with Avoid from Ecolab, which 
is based on NaOH. The electrical conductivity and turbidity values of the samples are 
shown in Figs.20-21 for the whole stretch of the alkaline wash. As Avoid has been 
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used at Kerry Ingredients for the regular wash, it is used as the reference in our 
analysis. 

Electrical Conductivty Profile: Detergent Wash
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Fig.20 Electrical conductivity profiles of the detergents. 
 

Turbidity Profile: Detergent Wash
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Fig.21 Turbidity profiles of the detergents. 
 
As the detergents are being circulated, the electrical conductivity values are found to 
be constant. The turbidity values have also been found to be constant. It indicates that 
level of fouling is low and chemical reaction of the detergent with fouling is not 
significant. They are much lower than the values that reported in diary industries, 
which is around 3500 mg/L [1]. The COD profiles for the detergents are shown in 
Fig.22. 
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COD profile: Detregent Wash
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Fig.22 COD profile for different detergent washes.  
 
The values of electrical conductivity, turbidity and COD are stabilised value after 10 
minutes of wash. It implies the washing time can be restricted to 20 minutes.  

1.6.4 Post-rinse 
 
Post-rinse was carried out at the ambient temperature. The electrical conductivity and 
turbidity profiles of the post-rinse samples are shown in Figs.23-24.  
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Fig.23 Electrical conductivity and turbidity profiles. 
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Turbidity Profile: Post-rinse
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Fig.24 Electrical conductivity and turbidity profiles. 
 
The electrical conductivity and turbidity values become steady after 4.5 – 5 minutes.  
The comparative performance of the detergents can be seen from Table 5 in terms of 
COD values for post-rinse. 
  
Table 5 Comparison of COD values for post-rinse. 

time 
(min) 

Form 
380C 

Easi Adv 
+ Avoid

CLEAN 
SKIN  
(J) 

0 <10 326 <10 124 
1 <10 10 <10 32 
2 <10 11 <10 31 
3 <10 13 <10 31 
4 <10 11 <10 20 
5 <10 <10 <10 12 
6 <10 <10 <10 12 
7 <10 <10 <10 13 
10 <10 <10 <10 <10 
 
It is to be noted that the entire effluent is dumped into sewer directly even though 
COD and turbidity values are very low. It is highly recommended that the effluent be 
stored and used for pre-rinse. As the values of COD, electrical conductivity and 
turbidity becomes insignificant after 4.5 – 5 minutes, we can stop the post-rinse after 
this time. 

1.6.5 Need for Reduction of Detergent Concentration and Washing 
Time 

 
The preliminary studies conducted at Kerry ingredients point two important factors in 
reducing the cost of cleaning, namely, 1) reduction of detergent concentration and 2) 
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reduction of washing time. In order to do this, it is recommended that the effect of 
concentration and washing time be studied on the quality of the surface being cleaned. 
 

1.6.6 Observations and Recommendations Made from the Direct 
Trial 

 
 Based on the analysis of the samples from the direct trials, it is found that a 
significant amount of water, time and resources can be saved as can be seen in Table 
6. 
 
Table 6 Potential water savings 
Details Pre-rinse Detergent wash Post-rinse Comment 
Actual time of 
processing 
(min) 

6/10 40/30 7/10  Variation of time 
was found  

Recommended 
processing 
time (min) 

5 20  5  

Water used (L) 2,000  2,000 Assumption: 10 
min for  both pre-
rinse and post-
rinse 
and 2,000 L/hour 
as the flow rate 

Potential water 
that can be 
saved (L) per 
week 

1,000  1,000  

Potential water 
that can be 
saved (L) per 
year 

52 kL  52 kL 104 kL of water 
can be saved 

Potential water 
saving by 
using post-
rinse for pre-
rinse 

52 KL - - 52 kL can further 
be saved 

Quantity of 
used diluted 
detergent that 
can be used 
once in 10 
washes, i.e., 
every two 
weeks 

 5000 L  Total: 26 weeks x 
5000 = 130 KL 

Detergent used 
per fortnight 

 - 160 L at 30% 
concentration for 
every 10 washes 

 4160 L (160X23) 
for the whole 
year with the 
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assumption that 
10 washes last for 
2 weeks 

Potential 
detergent 
saving 

- - - Saving can be 
made only when 
membrane 
technology is 
adopted. This 
forms the next 
stage of this 
project. 

 
Based on our investigation on the cleaning practices used in CIP, the following can be 
deduced: 

1) 104 kL of water can be saved at both pre-rinse and post-rinse stages, with 52 
KL for each stage.  

2) The entire water from post-rinse can be stored and used for the subsequent 
pre-rinse, thereby reducing 50% or 52 kL of the water used for cleaning.  

3) Instead of dumping the used detergent of 5000 L after 10 washes, it can be 
used either for pre-rinse or for floor washing. 130 kL can be used from this.  

4) Overall, we can save 326 kL.  
5) Even though alkaline detergent of different concentration, the cleaning 

performance is not much affected. This implies that a rigorous investigation is 
required to optimize the concentration of the detergent.  

6) By reducing the washing time, the cost involved in cleaning in terms of man-
power, time, machinery and other resources can be reduced significantly. As a 
result, the production time or productivity can be increased. 

 
The potential savings that can be made are shown in Table 7. 
 
Table 7 Potential savings. 
Stage in CIP 
process  

Time savings 
(minute) 

Water 
savings 
(KL) 

comments  

Post rinse  5 52 - 
Pre-rinse 5 52 - 
Detergent wash  10 130  Saving can be made only when 

membrane technology is 
adopted. This forms the next 
stage of this project. 

 

1.7 Processing Units at the Beverage Industries 
 
The processing units of the three chosen industries, namely, 1) Kerry Ingredients, 2) 
Golden Circle and 3) Cadbury Schweppes, were investigated. It is found that mixing 
tank, heat exchanger and chilling tank form the core in all of them except Kerry 
Ingredients wherein no chilling unit is used. Among them, heat exchanger is crucial as 
the major fouling occurs in it due to high temperature involved during processing. 
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It is to be noted that all these industries have shell and tube heat exchanger.  
A typical schematic diagram can be seen in Fig.25. 
 

 
Fig.25 Schematic diagram of a processing unit. 

1.8 Conclusions 
 

Based on the analysis of the CIP process at Kerry ingredients, it is found that a 
significant amount of water, alkaline detergent and time can be saved by replanning 
the cleaning practice and reducing the pre-rinse, post-rinse and detergent wash cycles. 
As the actual dimensions were taken into account in the fabrication of the test rig, a 
realistic simulation can be conducted at the lab-scale level. 
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Chapter 2: Experimental Investigation of Alternative 
Cleaning Chemicals 

2.1 Introduction 
 
Beverage industries need enormous amount of water and chemicals to achieve high 
level of cleaning and hygiene in all food processing equipments. Smartwater Fund has 
focussed on these industries to look for recycling water and used detergents by 
adopting the methodology of cleaner production. The aim of this milestone to 
investigate the performance of the non-sodium based cleaning detergents that can be 
used in CIP applications. A test rig was designed and fabricated based on the flow 
characteristics and design of the processing equipments at the three chosen beverage 
industries, namely, 1) Kerry Ingredients, 2) Golden Circle and 3) Cadbury Schweppes.  
In this report, the following are discussed: 

• design of the test rig 
• standardisation of fouling 
• evaluation of different non-sodium based detergents  

 
Barbeque sauce from Kerry Ingredients was used to achieve the level of fouling 
similar to that of processing at Kerry Ingredients by varying the processing conditions.   

2.2 CIP Cleaning 
 
Keeping CIP system in the beverage industries is of paramount importance owing to 
its being automated. If it is found to unhygienic, it would create heavy loss to the 
concerned industry. In most of the beverage industries, CIP systems are widely used. 

2.2.1 Current Practices in Industries 
 
Caustic detergent is mainly used in CIP systems due to its low cost and good cleaning 
efficiency. However, it is not environment-friendly as the sodium salt changes the 
nature of soil and deteriorates the healthy growth of plants. By using biodegradable 
and plant-friendly cleaning chemicals, the burden of water treatment can be 
alleviated. 

2.2.2 Alternate Detergents 
Alternate non-sodium detergents can reduce the sodium loadings in trade waste.  
A survey on non-sodium based detergents was carried out. The following are the main 
types of commercial non-sodium based detergents that can be used in CIP systems: 

5) NaOH and Potassium hydroxide (KOH) combinations 
6) KOH based 
7) Organic acid based 
8) Herbal based  
9) Enzyme based  

Normally, all these detergents have additives such as sequestrants and wetting agents 
to enhance the cleaning efficiency. Among organic acid based detergents, citric acid 
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and combinations of sulphamic acid and oxalic acid are identified as candidates for 
CIP systems. Table 1 provides the details of the detergents that were used for the trials. 
 
Table 1 Alternate non-sodium detergents 

Detergents type 
COD 
(mg/L) Supplier 

Concentrati
on (%) for 
use 

Temper
ature 
(C)  

Time 
(min) 

Avoid  NaOH 748 Ecolab 2 v/v 70 30 
Conquest K KOH 440 Orica 2 v/v 70 30 
Easi Advantage 
plus  NaOH/KOH 212 Ecolab 4 v/v 70 30 
Quatrazyme  Enzyme 7100.5 Orica 1 v/v 55-60 30 

Purline 382A  
Sulphamic 
Acid/Oxalic Acid 583 Sopura 1.5 v/v 50-60 45 

Triple 7 (T15) Herbal 9330 
Environmental 
Fluid System 2 v/v 20-60 30 

Citronox  Citric Acid 9031 
Crown 
Scientific 2 v/v 55-60 30 

NaOH/KOH (1:1)  NaOH/KOH 0 Orica 1.5 w/v 70 30 

NaOH/KOH (1:3)  NaOH/KOH 0 Orica 1.5 w/v 70 30 

NaOH/KOH (3:1)  NaOH/KOH 0 Orica 1.5 w/v 70 30 
Concept C20  KOH 0 Orica 2 v/v 70 30 

 
Enzyme based detergents need to be processed at or below 60 C to achieve maximum 
efficiency; all alkaline detergents around 70 C. Organic acid based detergents are used 
in the range from 55 C to 60 C. Herbal detergent can be used at temperatures that 
range from 20 C to 95 C. 

2.3 Design and Fabrication of Test Rig 
 
The design of the test rig was carried out by taking into account the flow 
characteristics of the actual heat exchangers that are used at three chosen beverage 
industries. Heat exchanger plays a crucial in the design. It is found that most of the 
beverage industries use shell and tube heat exchanger. As Reynolds number and 
residence time are critical, they are used in deciding the diameter of the tubes of the 
heat exchanger.  

 
Fig. 1 shows the typical heat exchanger used at one of the selected 
industries: 
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(a)       (b) 

 
 
  (c)    (d) 
Fig. 1 Typical shell and tube heat exchanger at the industry. 

2.3.1 Design of Heat Exchanger: Shell and Tube 
 

Simulation of food processing and cleaning will be done in a single tube heat 
exchanger. In order to design the heat exchanger, range of Reynolds number should 
be found out. Pump will have to be selected based on the pressure drop that will be 
experienced for different products. 
 
Reynolds number can be calculated from eq. 1 
  
Re = ρ u d / μ        eq. 1  
where ρ is density,  u is velocity,  d is diameter of the pipe and  μ is viscosity of the 
fluid. 
 
Highly viscous barbeque sauce and lowly viscous Gatorade soft drink are selected to 
find out the possible ranges of Reynolds number and pressure drop.  
 
It is found that barbeque sauce behaves like a pseudo plastic fluid and follows power 
law.  
 
 
   eq. 2 
 
 
where K is flow consistency index, n is flow behavior index and  
is effective viscosity. 
Reynolds number is obtained from eq. 3. 
 
 

eq. 3 
 
 
The pressure drop is calculated from eq. 4 
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In order to find out K and n values, viscosity of barbeque sauce was determined at 
different temperatures and shear rates. K and n values were obtained from the graph 
of shear rate vs. log η for 85 C as shown in Fig. 2 and are shown in Table 1. 
 

Viscosity Profile of Barbeque Sauce at Different 
Shear Rates
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Fig 2 Viscosity profiles of barbeque sauce. 
 

Table 1 values of K and n 
n 0.2805
k (BBQ) 56.66636
k (water) 0.001

 
Reynolds number is calculated based on the values of n and k and shown in Table 2. 
 
Table 2 Calculation of Reynolds number  

Diameter 
(mm) m 

Volume 
Velocity 

(m/s) 

Viscosity density 
Renolds 
No (Re) Litre/h m3/sec (poise) 

Pa-s or 
Ns/m2 kg/m3 

47 0.047 12000 0.003333 1.922266 100 10  13.55197
20 0.02 200 5.56E-05 0.176929 100 10 1500 0.530786
20 0.02 200 5.56E-05 0.176929 0.01 0.001 1000 3538.57

 
Pressure drop is needed to fix the capacity of the pump. The values are shown in 
Table 3. 

 
Table 3 Reynolds number and pressure drop 

Product 
Reynolds 
No 

Pressure 
Drop (bar) D (m) L (m) 

Water 3538 12.385 0.02 2.0
BBQ 
Sauce 0.53 4.301291 0.02 2.0
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It is important to keep the residence time similar to that of the original heat exchanger. 
It is calculated based on the details shown in Table 4. 
 
Table 4 Details used to calculate residence time  
Length (m) 3 
Number of tubes 60 
Diameter of the tube (mm) 22 
Cross-sectional area of the tube 0.00037994 
Volume (m3)  per tube 0.00113982 
Total Volume (m3) 0.0683892 
Total Volume of tubes (L) 68.3892 

Total Volume that includes other spaces (L) 70 
Number of bottles per min 16 
Volume of each bottle (L) 4 
Flow rate (L/Min) 64 
Flow rate (L/hour) 3840 
Average Flow Rate (L/hour) 2500 
Flow rate (L/sec) 0.067 
Flow rate in each tube (L/sec) 0.00111111 

Flow rate in each tube in m3/sec         1.11111E-06 
Residence time of heat exchanger in sec (Volume/Flow rate) 100.8 

2.3.2 Fabrication of Test Rig  
 
Based on the values of Reynolds number, pressure drop and residence time, final 
design of test rig was arrived at as shown Fig. 3. 
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Fig. 3 Schematic diagram of proposed test rig. 
 
As we deal with food items, it is decided to go for all stainless steel. In order to get the 
realistic picture of fouling, the same internal diameter of the tube: 22 mm is taken in 
our design. 4 meter is considered for the length of the tube as against length of 3.4 m 
in the original heat exchanger to achieve realistic fouling. Fig 4 provides the detailed 
diagram of the test rig layout. A steam boiler is used to achieve steam temperature of 
more than 140 C for fast ramping of temperature to 95 C.  
    
The test rig was fabricated at Hipex, Thomastown.  
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Fig. 4 Test rig layout. 
 
The test rig in its final state can be seen in Fig. 5. 
 

 
 
Fig. 5 Test rig in operation. 
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2.4 Standardization of Processing Conditions at Test Rig 
 
Curry marinades from Kerry Ingredients and barbeque sauce from supermarket were 
used to standardise the conditions of test rig.. Detergent called Avoid from Ecolab 
was used.  Barbeque sauce was found to produce less fouling than that of barbeque 
sauce from Kerry Ingredients. It is to be noted that this sauce is a post-pasteurised one 
whereas the one from Kerry Ingredients is a pre-pasteurised sauce. During 
pasteurisation, starch in the barbeque sauce undergoes gelation, raises viscosity and 
level of fouling. The details of the preliminary studies that were used for 
standardisation is shown in Table 5. 
 
Table 5 Preliminary studies used for standardising test rig 
Sl No Product Detergents used Processing 

conditions 
Comments 

1 Curry 
Marinade 
 
(Diluted to 
50 %) 

NaOH (1%) Temperature: 
95 C  
Time of 
pasteurisation: 
2 hours 

Curry marinade became a 
gelled product with storage. 
It was diluted to reduce 
viscosity of the product so 
that it can be pumped. 
Cleaning was not effective 

2 Curry 
Marinade 
 
(Diluted to 
25 %) 

Avoid Temperature: 
95 C  
Time of 
pasteurisation: 
2 hours 

Cleaning was satisfactory. 

3 Curry 
Marinade 

Avoid  Temperature: 
95 C  
Time of 
pasteurisation: 
2 hours 

Cleaning was satisfactory. 
The level of fouling is higher 
than that of direct trial. 

4 Barbeque 
sauce 
from 
Safeway 

Avoid Temperature: 
80 C  
Time of 
pasteurisation: 
2 hours 

A gate valve that connects 
the boiler and the heat 
exchanger stalled in the 
middle of the operation. The 
temperature could not be 
raised beyond 80 C. Fouling 
level was found to be very 
low. 

2.5 Beverages and Fouling 
 
Fouling is introduced when the food particles adhered to the walls of the processing 
equipments. It becomes hard to be removed when aggressive processing conditions 
are used as the food particles undergo molecular changes. It is very important to 
standardize the level of fouling so that the performance of alternate cleaning 
detergents can be evaluated and compared realistically.  



Smart Water Fund - Industrial Cleaning Practices                                                             

Prepared By:  subbu Page 46                             created on 1/12/2009 

2.5.1 Standardisation of Fouling 
 
In order to evaluate the performance of the alternate detergents, the same or similar 
beverages that were used during the direct trials, namely, barbeque sauce, tomato 
juice and orange, were chosen for the experiments.  These beverages were in the pre-
pasteurised condition and were stored in cold storage room after procuring from the 
industries. 

2.5.2 Materials and Experiments 
 
The details of the beverages are shown in Table 6. 
 
Table 6 Beverages used for the trials 
Sl. 
No. 

Beverage Source Quantity (Kg) Solid content 
(%) 

1 Barbeque 
sauce 

Kerry 
Ingredients 

460  17.7 

2 Tomato Juice Cadbury 
Schweppes 

160 <5% 

3 Orange Juice Golden Circles 200 <5% 
 
Among the beverages, barbeque sauce of Kerry Ingredients was found to produce 
highest fouling during direct industrial trials. Therefore, it was selected for the trials 
to standardise the fouling. In order to standardise the conditions to create a similar 
fouling as that of the industry, processing conditions such as time and temperature 
were varied.  
 
25 kg of barbeque sauce was used for each trial. Pre-rinse time of seven minutes, 
detergent wash time of thirty minutes and post-rinse of seven minutes has been used 
as per the procedure followed by Kerry Ingredients. Steam temperature and cooling 
rate were manually controlled to achieve the expected temperature. Detergents used 
are Avoid and Conquest K from Ecolab. It is to be noted that Fomula 308C from 
Ecolab was used in the direct trials. However, Conquest K from Ecolab was used in 
our trials. Conquest K is considered to be a variation of Formula 308C. As Avoid 
from Ecolab was used by Kerry Ingredients for cleaning CIP system, it was used in 
our trials for standardisation.  Processing conditions such as flow rate and temperature 
and time for cleaning were varied to reproduce the similar level fouling.  
Experimental details based on these conditions are presented inn Table 7. Notations 
‘T’ in the serial number of the Table 6 indicate trial. 
 
Electrical conductivity, salinity, concentration, turbidity and COD were measured for 
all the experiments to assess the level of fouling and cleaning. 
 
Table 7 Experimental details of  fouling and cleaning 
Sl 
No 

Time 
(minute) 

Temperature 
© 

Flow 
Rate 
(L/hour) 

Detergent 
used 

Comment 

T1 180 95 500 Avoid To reach 95 C, it took 
25 -30 minutes. 
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T2 120 95 500 Avoid To reach 95 C, it took 
25 -30 minutes. 

T3 30 100 - 105 500 Avoid To reach 95 C, it took 
10 -12 minutes. 

T4 180 95 500 Avoid T1 was repeated. To 
reach 95 C, it took 25 -
30 minutes. 

T5 60 95 500 Avoid To reach 95 C, it took 
25 -30 minutes. 

T6 60 95 500 Conquest K To reach 95 C, it took 
25 -30 minutes. 

T7 60 85 500 Avoid To reach 95 C, it took 
25 -30 minutes. 

T8 2  95 300 Avoid Heating was carried out 
slowly. To reach 95 C, it 
took 3 hours.   

T9 2 95 500 Avoid To reach 95 C, it took 
20 -25 minutes. 

T10 5 95 500 Avoid To reach 95 C, it took 
10-12 minutes. 

T11 2 95 500 Conquest K To reach 95 C, it took 
10-12 minutes. 

 
Kerry ingredients use the processing equipments for a duration that ranges from 3 
hours to 5 days depending on the product produced. If the same product is produced, 
cleaning will not take place until different beverage is produced. As the availability of 
beverage is limited, it was decided to use the same product by cooling below 70 C and 
heating to 95 C repeatedly for 3 hours. With the present cooling line, temperature as 
low as 65 C could be achieved. The product is heated in the heating heat exchanger at 
95 C and cooled in the cooling heat exchanger and passed to feed tank as shown in 
Fig. 4. 
 
The turbidity profiles for most of the trials during pre-rinse are shown in Fig 6. 
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Fig. 6 Turbidity profiles during pre-rinse. 
 
The COD levels of pre-rinse are shown in Fig. 7 for T4 only as the level of fouling for 
all other trials are expected to be same. 
 

 
 
Fig. 7 COD level for T4 from test rig and direct trials.  
 
It can be seen from Fig. 8, most of the particles that cling to the wall of the test rig are 
removed after 4 minutes. The turbidity levels of detergent wash for the duration of 30 
minutes are shown in Fig. 9. The turbidity level is higher than that of direct trial. 
However, it can be brought down by reducing the processing time of the product 



Smart Water Fund - Industrial Cleaning Practices                                                             

Prepared By:  subbu Page 49                             created on 1/12/2009 

within 15 minutes. In T10 trial, it is evident that turbidity is brought down below 15 
NTU when the processing time is fixed at 5 minutes besides the ramping time of 10-
12 minutes. 
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Fig. 8 Turbidity profiles during detergent wash. 
 
The COD levels of detergent wash for different trials are shown in Fig. 8. 

 
Fig. 9 COD levels of detergent wash for different trials 
 
The low turbidity after 4 minutes in Fig. 10 indicates that good cleaning is achieved 
irrespective of the intensity of fouling at the beginning. 
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Fig. 10 Turbidity profiles during post-rinse. 
 
It was found that COD for the post-rinse is negligible after 4 minutes for most of the 
trials tested. It indicates that cleaning is almost complete after this time, which is 
similar to the cleaning at the industry. 
 
It is to be noted that during heating of barbeque sauce to 95 C for pasteurisation, 
peculiar behaviour is noticed as can be seen in Fig 11.   
 

 
Fig.11 Changes in heat transfer coefficient and product temperature.  
 
Temperature of the product out of heat exchanger and heat transfer coefficient 
decrease around 4 minutes and increase after 8 minutes. 
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In order to understand this behaviour further, a rheological characterisation was 
carried out. Fig 12 represents the ramping of temperature at heating rate of 7.5 C/min 
and Fig. 13 represents the isothermal heating at 95 C for 10 minutes after ramping to 
95 C in short time. The rheological change during this period is shown in Figs. 12 and 
13 for dynamic and isothermal scans. The storage modulus, a property that indicates 
viscoelastic nature of the material, increases suddenly after 75-80 C as can be seen in 
Figs. 12 and 13.  
 

 
Fig. 12 Rhelogical changes during dynamic scan at 7.5 C/min. 
 

 
Fig. 13 Rheological changes during isothermal scan for 10 minutes. 
 
The changes from 75 C to 85 C in  Figs. 11, 12 and 13 can be attributed to onset of 
gelation of starch, which is endothermic in nature[1, 2], present in barbeque sauce. It 
is to be noted that starch has two regions, namely, amorphous and crystalline. 
Amorphous region undergoes plastization and hydration by taking heat from the 
surroundings. The crystalline region will be melted subsequently at higher 
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temperature [2]. The changes in the amorphus and crystalline regions result in the 
change in rheological behaviour of the barbeque sauce. 

2.6 CIP Cleaning and Alternate Detergents 

2.6.1 Evaluation of Detergents 
After standardising the fouling of barbeque sauce, evaluation of all available non-
sodium detergents were carried out. Minimum possible level of fouling that could 
match that of the Kerry Ingredients was achieved using the following processing 
conditions:  
Ramping the temperature to 95 C from ambient temperature within 10 minute 
 i.e., heating rate of 7.5 C/minute 
Temperature: 95 C 
Residence time: 2 minutes 

2.6.2 Materials and Experiments 
 
Detergents used are Avoid, Conquest K and Formula 308C from Ecolab, Concept C20 
and Quatrazyme from Orica, Purline 382A from Sopura, and Citronex from Crown 
Scientific as indicated in Table 1. Three different combinations of NaOH and KOH, 
namely, 1:3, 1:1 and 3:1 of NaOH and KOH ratio were also used in the evaluation. In 
order to find out the degree of cleaning for all the chosen detergents, cleaning with 
detergent wash was carried using Avoid after completion of three stages of cleaning, 
namely, pre-rinse, detergent wash and post-rinse at the end of each trial. This is called 
post-cleaning. Sample was collected after 30 minutes of wash at 70 C. Experimental 
details for finding cleaning efficiencies of detergents are presented in Table 7. The 
table also provides the processing conditions used in cleaning. Notation ‘T’ in the 
serial number refers to ‘trial’.  
 
Electrical conductivity, salinity, concentration, turbidity and COD were measured for 
all the experiments to assess the level of fouling and cleaning. 

2.6.3 Trials with Barbeque Sauce 
 
Barbeque sauce of Kerry Ingredients has been used throughout to create fouling and 
evaluate cleaning efficiencies of alternate non-sodium detergents. 25 kg of barbeque 
sauce was used for each trial in the evaluation of alternate detergents. Pre-rinse time 
of seven minutes, detergent wash time of thirty minutes and post-rinse of seven 
minutes has been used as per the procedure followed by Kerry Ingredients. Steam 
temperature and cooling rate were manually controlled to achieve the expected 
temperature. Details of processing conditions for barbeque sauce and cleaning 
conditions used to clean the fouling are shown in Table 8.
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Table 8 Fouling and cleaning details for barbeque sauce processing 
 Processing Cleaning 
Sl 
No 

Ramp 
time 
(minute) 

Residence 
time  
(minute) 

Flow rate 
(L/hour) 

Temperature 
© 

Detergent Flow rate 
(L/hour) 

Detergent Wash  
 

Concentration 
(%v/v) 

Name type Temperature 
© 

time 
(minute) 

T10 10-12 5 500 95 Avoid  NaOH 1300 70 30 2% 
T11 10-12 2 500 95 Conquest K (KOH) 1300 70 30 2% 

T12 
10-12 

2 500 95 
Easi Advantage 
Plus  

NaOH/KOH
1300 70 30 4% 

T13 10-12 2 500 95 Quatrazyme  Enzyme 1300 60 30 1% 

T14 
10-12 

2 500 95 Purline 382A  
Sulphamic/ 
Oxalic acid 1300 60 45 1.50% 

T15 10-12 2 500 95 Triple 7 Herbal 1300 60 30 2% 
T16 10-12 2 500 95 Citronex Citric Acid 1300 60 30 2% 
T17 10-12 2 500 95 NaOH/KOH 1:1 NaOH/KOH 1300 70 30 1.50%w/v  
T18 10-12 2 500 95 NaOH/KOH 1:3 NaOH/KOH 1300 70 30 1.50%w/v  
T19 10-12 2 500 95 NaOH/KOH 3:1 NaOH/KOH 1300 70 30 1.50%w/v  
T20 10-12 2 500 95 Concept C20 KOH 1300 70 30 2.00% 
T25 10-12 5 500 95 Avoid NaOH 500 70 30 2% 
T26 10-12 2 500 95 KOH KOH 500 70 30 2% 
T27 10-12 2 500 95 Easi Adv + NaOH/KOH 500 70 30 4% 
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As barbeque sauce changes its nature after 15 minutes, the whole processing was 
completed within this time for all the trials from T10 onwards to create the realistic 
fouling.  
 
The turbidity profiles for the all trials during pre-rinse, are shown in Fig 14. 

 
 
Fig. 14 Turbidity profiles during pre-rinse. 
 
It can seen that the turbidity level is so low after 3 minutes. It indicates that most of 
the particles that cling to the wall of the test rig are removed after 3 minutes. The 
turbidity levels of detergent wash for the duration of 30 minutes are shown in Fig. 15. 
The turbidity level is higher than that of direct trial. COD for all the selected 
detergents are shown in Figure 16. The values are found to be 2 to 3 times higher than 
that of all direct trials. 
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Fig. 15 Turbidity profiles during detergent wash. 
 
Figs.16 and17 show the TDS and TSS level of all detergent washes based on 
barbeques sauce processing. 
 

 
 Fig.16 TDS of all Detergent Washes. 
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Fig.17 TSS of all detergent Washes. 
 
The COD levels of detergent wash for different trials are shown in Fig. 18. 

 
 
Fig. 18 COD levels of detergent wash for different trials. 
 
The turbidity level for the post-rinse is brought to almost zero after 5 minutes, which 
can be seen in Figure 19. It indicates that eve\n the particles that cling to walls are 
removed with all the selected detergents. 
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Fig. 19 Turbidity profiles during post-rinse. 
 
It was found that COD for the post-rinse is negligible after 3 minutes for all the 
detergents under investigation. 

2.6.4 Trials with Tomato Juice and Orange Juice 
 
Trials with tomato juice from Cadbury Schweppes and orange juice from Golden 
Circle were conducted using the processing and cleaning details as provided in Table 
9.  
 
As residence time 15 second for processing tomato juice in T21, processing time of 2 
minute was used. Pre-rinse time of 7 minutes, detergent wash time of 20 minutes at 60 
C and post-rinse time of 7 minutes used to complete the cleaning cycle. Fouling was 
found to be very low as can be seen in Figs18, 19, 20 and 21. Therefore, T21 and T23 
trials were carried out with processing time of 60 minutes and 360 minutes by cooling 
the product below 65 C and heating it to 92 C repeatedly. Quality of cleaning can be 
found from the low turbidity and electrical conductivity values in Figs 20 and 22 and 
low COD values for post-rinse. As the fouling is very low, trials with alternate 
detergents were not continued further.  
 
As regards orange juice, the residence time is only 15 seconds. As the viscosity, major 
ingredients and solid content of orange juice similar to tomato juice, processing time 
of 6 hours, which was used for T23, was adopted.  Pre-rinse time of 15 minutes, 
detergent wash time of 30 minutes at 95 C and post-rinse time of 7 minutes used to 
complete the cleaning cycle. It can be found from Figs. 20, 21 and 22, the level of 
fouling is not very significant as in the case of tomato juice. Therefore, further trails 
with other detergents were not continued further. Quality of cleaning can be found 
from the low turbidity and electrical conductivity values in Figs 22 and 24 and low 
COD values for post-rinse. 
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Table 9 Fouling and cleaning details for tomato juice and orange juice processing 
 Processing Cleaning 
Sl 
No 

Ramp 
time 
(minute) 

Residence 
time  
(minute) 

Flow rate 
(L/hour) 

Temperature 
© 

Detergent Flow rate 
(L/hour) 

Detergent Wash  
 

Concentration 
(%v/v) 

Pre-rinse 
time 
(minute) 

Post-rinse 
time 
(minute) Temperature 

©  
time 
(minute) 

T21 
10-12 

2 750 92 
46% 

NaOH 1500 60 20 3.30%
7 7 

T22 
10-12 

60 750 92 
46% 

NaOH 1500 60 20 3.30%
7 7 

T23 
15 

360 500 92 
46% 

NaOH 1500 60 20 3.30%
7 7 

T24 
15 

360 500 92 
46% 

NaOH 1500 95 30 0.25%
15 15 
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Fig. 20 Turbidity profiles for pre-rinse. 
 

 
 
Fig. 21 Turbidity profiles during detergent wash. 
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Fig. 22 Turbidity profiles during post-rinse. 
 
 

 
Fig. 23 Electrical conductivity during detergent wash. 
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Fig. 24 Electrical conductivity during post-rinse. 
 
COD values of T21, T22, T23 and T24 trials are presented in Table 10.  
 
Table 10 COD values for Tomato juice and orange Juice trials 
Sl. No. Details COD (mg/L) 
T21 DW1 11 
 DW10 <10 
 DW20 26.5 
 Po0 <10 
 Po3 <10 
 Po5 <10 
T22 Pr0 2871 

Pr1 <10 
Pr03 <10 
DW0 <10 
DW10 <10 
DW20 19 
Po0 <10 
Po3 <10 
Po5 <10 

T23 DW0 19 
DW10 <10 
DW20 30 
Po0 <10 
Po3 <10 
Po5 <10 

T24 Pr0 5247 
Pr1 <10 
Pr03 <10 
DW0 18 
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DW10 21 
DW20 35 
Po0 <10 
Po3 <10 
Po5 <10 

 
COD values for pre-rinse becomes less than 10 from wash of 1 minute to the wash of 
7 minutes even though the COD value at the start of the rinse is above 2500 for both 
T22 and T24 which are washes for tomato juice and orange juice. Furthermore, COD 
values for detergent wash for all trials of tomato juice and orange juice are very low. 
COD values for all post-rinse are less than 10 for the entire duration of the rinse. It 
can be concluded that fouling is not created with both tomato juice and orange juice. 
Findings from the barbeque trials can be applied to the cleaning of CIP systems that 
process these tomato juice and orange juice. 

2.7 Evaluation of Alternate Detergents 
 
The performance of the detergents can be evaluated in terms of their cleaning 
efficiency. In our trials, the cleaning efficiency of the detergents is determined by 
looking at the remnants of the fouling in the post-cleaning wash for each detergent. 
As discussed on the previous section, post-cleaning was carried out with Avoid 
detergent at 70 C for 30 minutes. COD was tested for all samples of the post-cleaning 
solutions. The COD values for all alternate detergents are shown in Fig 25.  
 

 
Fig. 25 Relative performance of alternate detergents. 
 
Avoid detergent has organic compound in the form of sequestrant and wetting agent, 
which form 50% of the active concentration.  The influence of COD form Avoid was 
eliminated by subtracting the COD component of Avoid from the post-cleaning 
solution of each detergent. It can be inferred that Easi Advantage Plus, Triple 7 and 
Citronox show better performance among the commercial alternate detergents. 
NaOH/KOH of 1:3 proportion is found to be better than other combinations. It also 
indicates that the cleaning efficiency is improved with increase in KOH concentration. 
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2.7.1 Cost Benefit Analysis 
 
It is important to consider the cost and the performance of the detergent while 
selecting the detergents from the available list. Cost benefit analysis was conducted 
for Kerry Ingredients, Cadbury Schweppes and Golden Circle. Appendix A is used to 
carry out this analysis. As the beverages from Cadbury Schweppes and Golden Circle 
did not yield any fouling for any fruitful cleaning studies, it was decided to go with 
the outcome of the trials from that of Kerry Ingredients. 

2.7.2 Kerry Ingredients 
 
In order to carry out the cost benefit analysis for Kerry Ingredients, the total detergent 
used for a week was calculated and extended it to the whole year. Table 11 provides 
the details used for the calculation of the detergent quantity used and cost incurred for 
Avoid detergent that is currently being used for CIP cleaning at the industry. 
 
Table 11 Expenditure Incurred on Detergent by Industries 

Details Kerry Ingredients 
Alternate Detergents   
Detergent currently Used Avoid 
Detergent used/week (L) 80 
Detergent used/annum (L) 4160 
Cost of current detergent ($) per litre  2.5 
Total cost ($) 10400 

 
The total quantity of Avoid used annually was used to calculate the cost of other 
alternate detergents and shown in Table 12. 
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Table 12 Details of cost benefit analysis for Kerry Ingredients 

Detergent 

    
Recommended 
Concentration 
(%) 

Minimum 
Order 
Quantity 
(L) 

Unit 
Price 
($) 

 Quantity 
(L) Price ($) 

Change 
in Cost Supplier 

Concentration 
(%) 

SD460 (NaOH) Ecolab 46 3.62 200 1.05 7536.23 7913.04 -2487 
Avoid (NaOH) Ecolab 30 2 200 2.5 4160 10400 0 
Conquest K (KOH) Ecolab 30 2 200 3.3 4160 13728 3328 
Easi Ad + (NaOH/KOH) Ecolab 30 4 200 4.9 8320 81536 71136 
Purline 382A 
(Sulphamic/oxalic Acid) Sopura 40 1.5 200 2.101 3120 6555.12 -3844.9 
Purline 382C (KOH)  Sopura 40 2 205 3.377 4160 14048.3 3648.32 

Triple 7 (Herbal) 
Environmental 
Fluid System n/a 2 1000 5.7 4160 23712 13312 

Citronex (Citric Acid) 
Crown 
Scientific n/a 2 209 14.10 4160 58636.10 48236.1 

NaOH Orica 46 1.5 ton 0.60 3120 1872.00 -8528 
KOH Orica 49 1.5 ton 1.10 3120 3432.00 -6968 
NaOH/KOH 1:3 Orica 48 1.5 ton 2.03 3120 6330.43 -4069.6 
NaOH/KOH 1:1 Orica 47.5 1.5 ton 1.85 3120 5765.22 -4634.8 
NaOH/KOH 3:1 Orica 47 1.5 ton 1.67 3120 5200 -5200 
Quatrazyme (Enzyme) Orica 100 1 1000 12 2080 24960 14560 
Concept C20 
(NaOH/KOH) Orica 40 w/w 2 20 1.62 4160 6739.2 -3660.8 
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The change in cost was calculated by subtracting the price of Avoid from the price of 
the particular detergent. It is also shown in Fig. 26. 
 

 
 
Fig 26 Change in price of alternate detergents with reference to Avoid. 
 
It is to be noted that Purline 382A can create a savings of $3844.9 among alternate 
non-sodium based detergents. Detergents of NaOH and KOH combinations can 
produce less expenditure. However, they are found to have less cleaning efficiency 
than that of the reference detergent: Avoid, the exception being the combinations with 
higher KOH combination. Concept C20 is also found to be low in expenditure but it 
has only 20% KOH. It is highly recommended that sensitivity analysis be carried out 
to determine the detergents that can balance the cost and the performance of the 
detergents. 

2.7.3 Golden Circle 
 
Cost benefit analysis was carried out for all alternate detergents keeping sodium 
hydroxide based SD460 detergent. As Golden Circle uses 0.25 % of this detergent at 
95 C, cost benefit analysis would be more meaningful, if the cost of the energy 
consumed is also taken into account. Due to lack of energy details, only the cost of all 
detergents is considered and compared. The change in cost for all alternate detergents 
is shown in Table 13 and Fig. 27. 
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Table 13 Details of cost benefit analysis for Golden Circle 

Detergent 

    
Recommended 
Concentration 
(%) 

Min 
Order 
Quantity 
(L) 

Unit 
Price 
($) 

 
Quantity 
(L) Price ($) 

Change in 
Cost ($) Supplier 

Concentration 
(%) 

SD460 (NaOH) Ecolab 46 3.62 200 1.05 624 655.2 0
Avoid (NaOH) Ecolab 30 2 200 2.5 624 1560 904.8
Conquest K (KOH) Ecolab 30 2 200 3.3 624 2059.2 1404
Easi Adv Plus 
(NaOH/KOH) Ecolab 30 4 200 4.9 1248 6115.2 5460
Purline 382A 
(Sulphamic/oxalic 
Acid) Sopura 40 1.5 200 2.101 468 983.268 328.068
Purline 382C (KOH)  Sopura 40 2 205 3.377 624 2107.248 1452.048

Triple 7 (Herbal) 
Environmental 
Fluid System n/a 2 1000 5.7 624 3556.8 2901.6

Citronex (Citric 
Acid) 

Crown 
Scientific n/a 2 209 14.10 624 8795.414 8140.214

NaOH Orica 46 1.5 ton 0.60 468 280.8 -374.4
KOH Orica 49 1.5 ton 1.10 468 514.8 -140.4
NaOH/KOH 1:3 Orica 48 1.5 ton 2.03 468 949.5652 294.3652
NaOH/KOH 1:1 Orica 47.5 1.5 ton 1.85 468 864.7826 209.5826
NaOH/KOH 3:1 Orica 47 1.5 ton 1.67 468 780 124.8
Quatrazyme 
(Enzyme) Orica 100 1 1000 12 312 3744 3088.8
Concept C20 
(NaOH/KOH) Orica 40 w/w 2 20 1.62 624 1010.88 355.68
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Fig 27 Change in price of alternate detergents with reference to DS460. 
 
 
All alternate detergents except Easi Advantage Plus, Triple 7 Citronox and 
quatrazyme are comparable in terms of cost.  

2.7.4 Cadbury Schweppes 
 
Cost benefit analysis was carried out for all alternate detergents keeping sodium 
hydroxide based SD460 detergent. The details of it are shown Table 14.The change in 
cost for all alternate detergents is shown in Fig. 28.
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Table 14 Details of cost benefit analysis for Cadbury Schweppes 

 
Detergent 

    
Recommended 
Concentration 
(%) 

Min 
Order 
Quantity 
(L) 

Unit 
Price 
($) 

 
Quantity 
(L) Price ($) 

Change in 
Cost ($) Supplier 

Concentration 
(%) 

SD460 (NaOH) Ecolab 46 3.62 200 1.05 17202.3 18062.40 0.00 
Avoid (NaOH) Ecolab 30 2 200 2.5 4747.83 11869.58 -6192.82 
Conquest K (KOH) Ecolab 30 2 200 3.3 4747.83 15667.84 -2394.56 
Easi Adv Plus 
(NaOH/KOH) Ecolab 30 4 200 4.9 9495.66 46528.73 28466.34 
Purline 382A 
(Sulphamic/oxalic Acid) Sopura 40 1.5 200 2.10 3560.87 7481.39 -10581.00 
Purline 382C (KOH)  Sopura 40 2 205 3.38 4747.83 16033.42 -2028.97 

Triple 7 (Herbal) 
Environmental 
Fluid System n/a 2 1000 5.7 4747.83 27062.63 9000.23 

Citronex (Citric Acid) Crown Scientific n/a 2 209 14.10 4747.83 66921.69 48859.29 
NaOH Orica 46 1.5 ton 0.60 3560.87 2136.52 -15925.87 
KOH Orica 49 1.5 ton 1.10 3560.87 3916.96 -14145.44 
NaOH/KOH 1:3 Orica 48 1.5 ton 2.03 3560.87 7224.96 -10837.44 
NaOH/KOH 1:1 Orica 47.5 1.5 ton 1.85 3560.87 6579.87 -11482.52 
NaOH/KOH 3:1 Orica 47 1.5 ton 1.67 3560.87 5934.79 -12127.61 
Quatrazyme (Enzyme) Orica 100 1 1000 12 2373.92 28486.98 10424.58 
Concept C20 
(NaOH/KOH) Orica 40 w/w 2 20 1.62 4747.83 7691.48 -10370.91 

 



Smart Water Fund - Industrial Cleaning Practices                                                             

Prepared By:  subbu Page 69                             created on 1/12/2009 

 

 
 
Fig 28 Change in price of alternate detergents with reference to DS460. 
 
All alternate detergents except Easi Advantage Plus, Triple 7 Citronox and 
quatrazyme are found to produce benefit less in terms of cost.  

2.8 Issues Encountered/Resolved 
 

1) As barbeque sauce undergoes gelatinization in the initial part of processing, 
maintaining the same level of fouling for all the trials needs more care and fine 
tuning of steam temperature and cooling.  

2) Establishing the consistent values of COD for all post-cleaning solutions 
turned out to be strenuous and tedious process due to interference of EDTA 
present in Avoid.  The effect of EDTA was minimized by diluting the solution 
to 4 times or more. 

3)  Getting a regular and fresh supply of the beverages to create fouling was not 
possible as the concerned industries were normally preoccupied with their 
schedules. 

4) Achieving good level of fouling with beverages of low solid content such as 
tomato juice and orange juice turned out to be very difficult as a limited 
quantity was used in the processing. 

2.9 Recommendations for Future Work 
 

1) Trials with alternate detergents were made with the processing conditions such 
as concentration, flow rate, temperature and time as recommended by the 
detergent suppliers. In order to study the effect of different concentrations of 
these detergents, more trials are needed.  
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2) Trials with different varieties of highly fouling beverages will help in 
benchmarking to test detergents. 

3) Tedious testing for cleaning can be alleviated by adopting spectrometric 
techniques. For instance, Figs 29 and 30 show visible spectra and UV-visible 
spectra for a trial with Avoid detergent (T25).  
 

 
 Fig 29 Visible spectra for different detergent washes (DW) for trial T25.  

 
Gradual changes in the concentration of TDS, mainly from sugar and starch 
can be seen for detergent wash (DW) at different time intervals, namely, 0, 1, 
3, 5, 10, 20 and 30 minutes. It becomes stable after 20 minutes of wash. In 
order to get the absorbance for the whole range of wavelength, UV–visible 
spectra was taken and shown in Fig. 28. 
 

 
 Fig 30 Visible spectra for different detergent washes (DW) for trial T25. 
  

It can be seen that the peak of the absorbance occurs around wavelength of 
276 nm for all the scans. Peak and the area under the curve can be used to 
quantify the fouling and tedious testing such as COD can be reduced.  
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4) In order to monitor the cleaning efficiency of the cleaning, studies using 
wireless sensor network can be undertaken. Monitoring the level of cleaning at 
different locations of the processing equipment will introduce more 
confidence in trying a different cleaning conditions and detergents among 
beverage industries. 

2.10 Conclusions 
 

1) Design and fabrication of test rig was successfully completed.  
2) Trials with different non-sodium based detergents were carried out.  
3) Easi Advantage Plus, Triple 7 and Citronox were found to show better 

performance among the commercial alternate detergents based on the 
evaluation of the detergents. 

4) NaOH/KOH of 1:3 proportion is found to be better than other combinations. It 
also indicates that the cleaning efficiency is improved with increase in KOH 
concentration. 

5) Cost-benefit analysis shows the following: 
a) As regards Kerry Ingredients, Purline 382A can create a savings of 

$3844.9 among alternate non-sodium based detergents. Detergents of 
NaOH and KOH combinations can produce less expenditure but their 
cleaning efficiency lower than that of the reference detergent: Avoid; 
Increasing concentration of KOH is found to produce better cleaning 
efficiency. Concept C20 is also found to be low in expenditure but it has 
only 20% KOH. 

b) In the case of Golden Circle, all alternate detergents except Easi 
Advantage Plus, Triple 7 Citronox and quatrazyme, are comparable in 
terms of cost.  

c) As for Cadbury Schweppes, all alternate detergents except Easi 
Advantage Plus, Triple 7 Citronox and quatrazyme, are found to produce 
benefit less in terms of cost.  

6) As most of the cost-effective detergents produce less cleaning efficiency, it is 
highly recommended that the sensitivity test be conducted for all these 
detergents to ascertain the real befit that accrue in the trials. 
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 Chapter 3: Sensitivity Analysis 

3.1 Introduction 
 
In order to evaluate the performance of the CIP detergents by taking cost into 
consideration, sensitivity analysis was conducted. The effect of the cleaning 
parameters such as time of detergent wash and concentration of the detergents on the 
performance was studied.  

3.2 Evaluation of Detergent Performance 
All the selected non-sodium based detergents were evaluated for their efficiencies in 
cleaning. Circulation time of detergent wash and concentration of the detergents were 
used in the evaluation. Flow rate of 1300 L/hour was used for all the trials. 

3.2.1 Circulation Time of Detergent Wash  
The details of the materials used and experiments are provided in Table 1. Circulation 
time of 90 minute was used in all the trials. 
 
Table 1 Materials and experiments  
Sl. 
No. 

Detergent Type Supplier Concentration
(%v/v) 

Temperature 
© 

ST03 Qatrazyme Enzyme Orica 1 50 
ST04 Conquest 

K 
KOH Ecolab 2 70 

ST05 Purline 
382A 

Organic 
Acid 

Sopura 1.5 60 

ST06 Triple 7 Herbal Environmental 
Fluid System 

2 60 

ST07 Citronox Citric 
Acid 

 2 60 

ST08 Avoid NaOH  2 70 
 
Fouling was generated as discussed in section 2.6.3. Three stages of cleaning, namely, 
1) pre-rinse of 7 minutes, 2) detergent wash of 30 minutes and 3) post-rinse of 7 
minutes were used in the evaluation.  
  
Electrical conductivity, turbidity, COD and UV Visible spectra were measured. Fig.1  
show the electrical conductivity profiles of enzyme, herbal and citronox detergent 
washes. Electrical conductivity becomes stabilized after 30 minutes. Fig .2 shows the 
stability of ions for ST04, ST05and ST08 which are based on KOH, organic acid and 
NaOH respectively. Turbidity profiles of these detergents also indicate that most of 
the suspended particles were removed after 20 minutes for all detergents except 
Purline 382A (ST05) as can be seen in Fig.3.  
 
Fig. 4 shows the COD profiles of all detergent washes. It can be seen the major 
fouling was removed within 30 minutes for all the detergents under study. UV Visible 
spectra confirm this observation as can be seen for quaterzyme detergent washes as 
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can be seen in Fig. 5. Changes became insignificant after 45 minutes. Figs 6 and 7 
show the surface become clean after 3 minutes. 
 

l  
Fig.1 Electrical conductivity profiles for washes of enzyme, herbal and Citronox 
detergents. 
 

 
Fig.2 Electrical conductivity profiles for washes of KOH, organic acid, NaOH based 
detergents. 
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Fig.3 Turbidity profiles for all detergent washes. 
 
 

 
Fig.4 COD profiles for all detergent washes. 
 

 
Fig.5 UV Visible spectra for Quaterzyme detergent washes (ST03). 
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Fig.6 Electrical conductivity profiles for all post-rinses. 

 
 
Fig.7 Turbidity profiles for all post-rinses. 
 
The performance of the detergents is evaluated using the method that was discussed in 
section 2.7 and is shown in Fig.8. Quaterzyme (ST03) is found to produce better 
performance than that of the standard detergent, Avoid and Triple 7 (ST06) produce 
comparable performance. 
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Fig. 8 Evaluation of detergents in terms of time. 
 
It is to be noted that significant improvement is found for all detergents except 
Citronox as can be seen in Fig.9. Quaterzyme shows tremendous improvement when 
the time of circulation time is extended beyond 30 minutes.  

 
Fig.9 Comparison of 30 minute and 90 minute washes for all detergents. 

3.2.2 Concentration of Detergents  
 
The effect of concentration of detergents on the cleaning performance was studied 
with the conditions as stipulated in Table 2. 
 
Table 2 Materials and experiments  
Sl. 
No. 

Detergent Type Supplier Concentration
(%) 

Temperature 
© 

ST09 
KOH 
(100%) 

KOH Orica 
1.5%w/v 

70 

ST10 
NaOH 
(100%) 

NaOH Orica 
1.5%w/v 

70 
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ST11 Conquest K KOH Ecolab 2.50%v/v 70 
ST12 Conquest K KOH Ecolab 3% v/v 70 

ST13 Triple 7 
Herbal Environmental 

Fluid System 1.50% v/v 
60 

ST14 Citronox 
Citric 
Acid 

Crown 
Scientific 1.50% v/v 

70 

ST15 Quaterzyme Enzyme Orica 1.50% v/v 50 

ST16 Triple 7 
Herbal Environmental 

Fluid System 1.00% v/v 
60 

ST17 Quaterzyme Enzyme Orica 1.75% v/v 50 
 
Quaterszyme, Triple 7, Conquest K and Citronox detergents were selected for this 
studies.  
 
Fouling was generated as discussed in section 2.6.3. Cleaning comprise of three 
stages, namely, 1) pre-rinse of 7 minutes, 2) detergent wash of 30 minutes and 3) 
post-rinse of 7 minutes were used in the evaluation.  
  
Electrical conductivity, turbidity, COD, TDS, TSS  and UV Visible spectra were 
measured.  They are presented in Appendix D for the sake of brevity and clarity.  
 
Cleaning performance of the selected detergents was evalauated using the method that 
was outlined in section 2.7 and is shown in Fig.10. Quaterzyme and Citronox are 
found to show comparable performance when their concentration was reduced to 
1.5% v/v. Even though Conquest K and Quaterzyme show improvement in cleaning 
with increase concentration, its overall cleaning action is not adequate.  
 

 
Fig.10 Effect of detergent concentration on performance. 

3.3 Cost of Detergents and Detergent Performance 
 
The cost benefit analysis was again conducted after the sensitivity analysis was 
performed. Based on the studies on the effect of concentration, quaterzyme of 1.5%, 
Conquest K of 2.5%, Triple 7 of1.5% and Citronox of 1.5% was fixed for better 
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performance. The results of cost benefit analysis are shown in Figs. 11, 12 and 13 for 
Kerry Ingredients, Golden Circle and Cadbury Schweppes respectively. 
 
Conquest K and Triple 7 are comparable in cost for all three industries. Cost of 
Conquest K is increased and that of Triple 7 and Citronox came down significantly 
after the sensitivity analysis based on concentration. 
 

 
Fig. 11 Cost Benefit for Kerry Ingrdients. 

 
Fig. 12 Cost Benefit for Golden Circle. 
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Fig. 12 Cost Benefit for Golden Circle. 
 

 
Fig.13 Difference in cost for Kerry Ingredients after sensitivity analysis. 
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Fig.13 Difference in cost for Golden Circle after sensitivity analysis. 
 

 
Fig.13 Difference in cost for Cadbury Schweppes after sensitivity analysis. 

3.4 Conclusions 
 
The following are the conclusions: 

1) As regards the studies on the effect of circulation time on the detergent 
performance, significant improvement is found for all detergents except 
Citronox. Quaterzyme was found to have remarkable improvement when the 
circulation time was conducted beyond 30 minutes. 

2) As regards the studies on the effect of concentration on the detergent 
performance Quaterzyme and Citronox are found to show comparable 
performance when their concentration was reduced to 1.5% v/v. Even though 
Conquest K and Quaterzyme show improvement in cleaning with increase 
concentration, its overall cleaning action is not adequate. 

3) Conquest K and Triple 7 are comparable in cost for all three industries. Cost 
of Conquest K is increased and that of Triple 7 and Citronox came down 
significantly after the sensitivity analysis based on concentration. 
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Chapter 4: Online Monitoring of CIP Cleaning and 
Waste Stream – a Lab Scale Study using a Test Rig 

4.1 Introduction 
 
All food and beverage industries consume a large quantity of water in their cleaning 
process to maintain stringent conditions of safety and hygiene in processing 
equipment and workplace. Smart usage of water can be achieved only when a proper 
and reliable technique is available to monitor and establish quality cleaning. 
Additionally, knowledge of pollutant loadings in waste streams will help in planning 
and designing appropriate strategies to carry out only specific treatment process 
optimally.  
 
Periodic testing of water for quality involves a tedious laboratory procedure. It 
necessitates the tests for the parameters such as COD, BOD, DO, turbidity, electrical 
conductivity (EC), total dissolved solids (TDS), total dissolved solids (TSS) and 
microbiological growth. In addition these tests do not show any change that may take 
place at different points of time. Online monitoring of these parameters can alleviate 
the tedious process of testing and determining the details of the continuous change.  
 
Wireless sensor network (WSN) has been attracting the attention of water industries 
to provide details at areas that cannot be easily accessed. However, WSN is limited by 
the availability of rugged and robust sensors that can withstand the corrosive and 
hostile environments found in industrial CIP systems. UV visible spectrometric 
method is one of the techniques that can be used to monitor the level of fouling during 
the detergent cleaning stage and the quality of cleaning during post-rinse stage in the 
cleaning cycle.  
 
As monitoring techniques using a UV visible spectrometer do not involve 
complicated procedure, they have been explored intensively and commercial 
exploitation has also been made to monitor water quality; a few earlier warning 
systems have also been built using these techniques.  
 
Vaillant et al [ 1] developed a spreadsheet based on a qualitative characterisation tool 
using UV spectra and effectively used it to monitor urban wastewater for quality. 
They used a normalisation technique to eliminate the effect of total suspended solids 
(TSS) on the UV absorbance. The area under the UV absorbance curve was used in 
their normalisation technique.  
 
Charef et al [2] developed an early warning system based on a multi-sensor fusion 
approach to monitor water quality. They fused the information from UV visible 
absorbance spectra and physio-chemical characteristics such as turbidity and electrical 
conductivity to make a decision and provide early warning for any contaminants.  
COD was estimated based on the information from the multi-sensors. The modelled 
COD was found to closely match the observed COD. Back-propagation Artificial 
Neural Network (ANN) algorithm was used in this work to make the classification 
and the decision. 
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Van Den Broeke et al [3-7] used a commercially available UV Visible probe to 
monitor water for turbidity, nitrite, nitrate and any organic contaminant such as 
benzene, toluene and xylene. They used the probe to monitor drinking water surface 
water used for drinking water production and pre-treated water after evaluating it off-
line. They could identify any organic compound and set an alarm using their alarm 
tool if identified. 
   
In this chapter, UV Visible spectra of the samples from alkali detergent washes were 
analysed. Correlation of the spectroscopic details with COD was carried out. A simple 
linear model is proposed to predict COD based on the UV visible absorbance of the 
pollutants at different wavelengths in the waste stream of beverage industries. 

4.2 Materials and Experiments 
4.2.1 Materials  
 
Barbeque sauce from Kerry Ingredients was procured in a pre-pasteurised state. A 
caustic detergent called Avoid from Ecolab is used for cleaning cycles in the chosen 
industry. It is selected as reference in our studies. In order to evaluate the performance 
of the alternate detergents, the same or similar fouling as seen the industry was 
simulated. Table 1 shows the non-sodium based alternate detergents used in this study.  
Table 1 Alternate non-sodium detergents 

Detergents type 
COD 
(mg/L) Supplier 

Concentrati
on (%) for 
use 

Temper
ature 
(C)  

Time 
(min) 

Avoid  NaOH 748 Ecolab 2.0  v/v 70 30 

Conquest K KOH 440 Orica 
2.0  - 3.0  
v/v 70 30 

Easi Advantage 
plus  NaOH/KOH 212 Ecolab 4.0  v/v 70 30 
Quatrazyme  Enzyme 7100.5 Orica 1.0  – 1.5 v/v 55-60 30 

Purline 382A  
Sulphamic 
Acid/Oxalic Acid 583 Sopura 1.5 v/v 50-60 45 

Triple 7  Herbal 9330 
Environmental 
Fluid System 

1.0  - 2.0  
v/v 20-60 30 

Citronox  Citric Acid 9031 
Crown 
Scientific 1.5 – 2.0  v/v 55-60 30 

Concept C20  KOH 0 Orica 2.0  v/v 70 30 
 

4.2.2 Experiments 
 
Fouling and cleaning of the industrial processing equipments was simulated using a 
test rig. Test rig consists of feed tank, two heat exchangers, one for heating and other 
for cooling. Heat exchanger of shell and tube type was considered in the design of test 
rig as most of the food industries used this type. It is to be noted that plate type heat 
exchanger is used in diary industries. As regards the flow behaviour of the washing, 
Reynolds number of Kerry Industry was used in this study. Tables 2 and 3 provide the 
details of the processing and washing conditions used in the trials. 
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Table 2 Processing conditions of barbeque sauce 
Sl 
No 

Ramp 
time 
(minute) 

Residence 
time  
(minute) 

Flow rate 
(L/hour) 

Temperature 
© 

T10 10-12 5 500 95 
 
Table 3 Washing conditions of detergent washes 
Sl 
No 

Detergent Flow 
rate 
(L/hour
) 

Detergent Wash 
 

Concentratio
n (%v/v) 

Name type Temp
eratur
e © 

time 
(minute
) 

1 Quatrazyme  Enzyme 1300 60 30 1%

2 
Conquest K 
(KOH) 1300 70 30 2%

3 Purline 382A  

Sulphamic
/ Oxalic 

acid 1300 60 45 1.50%
4 Triple 7 Herbal 1300 60 30 2%

5 Citronex 
Citric 
Acid 1300 60 30 2%

6 Avoid  NaOH 1300 70 30 2%
 
Cleaning involved three stages, namely, pre-rinse, detergent wash and post-rinse. Pre-
rinse of 7 minutes, detergent wash of 30 – 45 minutes and post-rinse of 7 minutes 
were used through this study. Samples were collected periodically to quantify the 
level of fouling on the surface of the processing equipments and processing lines. 
Carey 300 of Biorad UV Visible spectrometer was used to measure UV Visible 
absorbance. 
 
Electrical conductivity, salinity, concentration, turbidity and COD were measured for 
all the experiments to assess the level of fouling and cleaning.  
Barbeque sauce is heated in the heating heat exchanger at 95 C for two minutes after 
ramping from and cooled in the cooling heat exchanger and passed to feed tank as 
shown in Fig. 1. Cooling was carried out only to below 65 C unlike that of diary 
industries wherein cooling was very essential to avoid denaturalisation of milk. 

4.3 Results and Discussion 
 
Correlations were made for both caustic (NaOH) and non-caustic based detergents. As 
most of the food and beverage industries use caustic detergents for CIP cleaning, this 
report focuses more on caustic detergents.  
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4.3.1 Modelling of Caustic Detergent Washes 
 
The samples from the caustic detergents based on commercial detergent called Avoid 
were analysed for electrical conductivity, turbidity, COD, TDS, TSS and UV visible 
absorbance. They are shown in Figs 2- 5.  
 

 
Fig. 2 Turbidity profile of caustic detergent wash. 
 
T10 and T25 and ST08 represent trials that were conducted under similar processing 
and cleaning conditions. Avoid detergent of 2% v/v concentration is used in these the 
trials.   

 
Fig. 3 COD profiles of CIP cleaning based on caustic detergent wash. 
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Fig. 4 shows the change in UV absorbance spectra for different interval of detergent 
circlulation time in the caustic detergent wash of T25 trial. It can be easily seen that 
fouling is accumulated with time. Three trials were used in this study to represent 
large spectrum of fouling. A typical post-rinse values were also used in this study. 
 

 
Fig. 4 UV Visible spectra of detergent wash for the duration of 30 minutes 
 
Area under the curve of UV spectra for samples of detergent wash at different 
intervals of time was calculated using trapezoidal integration technique. They are 
shown in Fig. 5. It is to be noted that the wavelength from 280 nm to 500 nm is used 
in the integration.  
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Fig. 5 Area under the curve of UV visible spectra of Caustic detergent  for three trials. 
 
UV visible absorbance spectra represent the absorbance level or concentration of 
different molecules from the processed beverage. The area under the graph will 
represent the cumulative contribution of all contaminants present in the sample.  It can 
be calculated as in Eq. 1. 

Area =      ……………. Eq. 1 
where A is absorbance, C, the sample concentration, l, the optical pathlength, ε, the 
molar absorptivity at wavelength λ. 
The area can be correlated with COD, which is representative of all oxidisable organic 
molecules. Samples from the detergent wash and post-rinse for three trials at the test 
rig were used in the correlation. The correlation is found to be linear as shown in Fig. 
6. 
A linear regression fit was conducted on the data of COD and area under the curve. 
Based on the regression analysis, a simple linear model as shown in Eq. 1 was arrived. 
It can be used to predict COD using area: 
COD ∞ Total absorbance over the certain wavelenth range   …… Eq. 1 
Eq. 1 can be written as  
COD = proportaionalty factor x Total Area under the curve + constant   ….. Eq. 2  
The COD and UV absorbance data of detergent wash and post-rinse for Avoid are 
corelated and Eq. 3 provides the simple model that can be used to predict COD under 
a conrtrolled environment. 
COD = 44.03 x Area – 0.61   ……Eq. 3 
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Fig. 6 Correlation between area and COD for Avoid detergent wash. 
 
The correlation model was generated with 17 data points and correlation coefficient of 
0.97.It is to be noted that the data used for Fig. 6 are from three trials using test rig. 

4.3.2 Modelling of Non-caustic Detergent Washes 
 
Processing conditions of barbeque sauces and cleaning conditions of the fouling with 
non-caustic detergents were shown in Tables 2 and 3. Fig.7 shows the COD profiles 
of non-caustic detergents at different intervals of time. 

 
Fig. 7 COD profiles of non-caustic detergents. 
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Fig.8 shows the UV visible absorbance spectra of a typical non-caustic detergent 
(Quaterzyme ) wash at different intervals of time.  
 

 
Fig.8 UV visible absorbance spectra of non-caustic detergents. 
 
Corelations of area under the curve and COD for all non-caustic detergents were 
made. Fig.9 shows correlations of typical cases for Quaterzyme, Conquest K and 
PurLine 382A. Good correlations were found with correlation coefficient of more 
than 0.98 for all cases. 
 

 
Fig.9 Correlation between area and COD for Quaterzyme (Enzyme), Conquest K 
(KOH) and PurLine 382A (organic acid) detergent washes. 
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Table 4 provides the correlation models of Quaterzyme, Conquest K and PurLine 
382A detergent washes. 
 
Table 4 Models of Quaterzyme, Conquest K and PurLine 382A 
Sl 
No. 

Detergent Model Data points Correlation 
Coefficient 

1 Quaterzyme 34.35 x Area + 
7031.32 

11 0.99 

2 Conquest K 40.66 x Area + 354.71 5 0.97 
3 PurLine 

382A 
25.69 x Area + 558.07 5 0.98 

 
It is to be noted that the fouling was generated under  a controlled environment 
similar to that of Kerry Ingredients. The source of fouling is known apriori. Influnce 
of turbidity on the sensitivity of UV Visible absorbance in this case is found to be 
insignificient. However,  calibration  is needed if the water source to be monitored is 
of varying nature and the level of pollutants fluctuates with time. 

4.4 Validation of Model and Online Monitoring 
 
In order to validate the model, fresh samples were collected from detergent wash and 
post-rinse of the CIP cycle at Kerry Ingredients after barbeque sauce was processed.  

4.4.1 Characterisation of Kerry Ingredients Samples 
 
The samples were characterised by measuring electrical conductivity, turbidity, COD 
and UV Visible spectra. COD profiles and UV Visible spectra are shown in Figs.8 
and 9. 
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Fig. 8 COD levels of fouling collected during the entire period of detergent wash. 
 

 
Fig. 9 UV Visible spectra of detergent wash at Kerry Ingredients for different 
intervals of time. 
 
The COD profiles and UV Visible spectra of post-rinse solution are shown in Figs. 10 
and11. 

 
Fig. 10 COD levels of Post-rinse at Kerry Ingredients for different intervals of time. 
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Fig 11.UV Visible spectra of post-rinse at Kerry Ingredients for different intervals of 
time. 
 
The area under the curve was calculated for the range of wavelength from 400 nm to 
280 nm as was used for building the model for caustic detergent wash. 

4.4.2 Validation of Model using Real Time Data 
 
Areas under the curve for all UV Visible spectra for detergent samples from Kerry 
Ingredients were calculated. The values of these areas were used in model eq. 3 to 
calculate COD for detergent wash of all intervals of time up to 20 minutes. They are 
shown in Fig. 12. 
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Fig. 12 Validation of model using the samples from Kerry Ingredients. 

It can be easily that the prediction of the model matches well with the actual 
value. 

4.4.3 Applicability of the Model to other industries 
 
The model is derived from the fouling of beverage industries where starch, sugar and 
fat are major sources of fouling. If it is used to waster streams of other industries such 
as diary industry, it is recommended that rigorous experimentation be conducted 
before making it generalised. 

4.5 Recommendations for Optimization of CIP 
Cleaning cycles 

 
The samples from Kerry Ingredients were collected again for the purpose of 
ascertaining the fouling level at different periods of time and applicability of the 
proposed model. Fig. 8 shows the actual COD profiles of these samples at different 
intervals of time. Fouling level reaches plateau after 10 minutes of circulation time in 
the detergent wash stage. The actual COD profile of post-rinse is shown in Fig 10.  
Based on the analysis of samples from Kerry Ingredients and the studies of samples 
from Test rig, the following recommendations are made: 
 

1) COD values from the samples of trials using Test rig with Avoid detergent 
which is used at Kerry Ingredients in Fig 3 and Fig 8 indicate that no change 
in COD after 18-20 minutes. Therefore, recirculation of detergents can be 
stopped after 20 minutes. This can also be confirmed from Fig.9 for UV 
Visible spectra wherein the change in absorbance is insignificant.    



Smart Water Fund - Industrial Cleaning Practices                                                             

Prepared By:  subbu Page 93                             created on 1/12/2009 

2) COD levels of post–rinse for samples both test rig and Kerry Ingredients 
indicate that the post-rinse can be stopped after 5 minutes. COD of post-rinse 
is found to be significantly low throughout the rinse as shown in Fig. 10. This 
is evident from the UV Visible spectra of post-rinse, which is shown in Fig. 
11. It is to be noted that most of the fouling occurs only during heating of the 
beverage. 

4.6 Conclusions 
 
Simulation of fouling and cleaning was carried out using a test rig. The following are 
the conclusions:  

1. Good correlation is found between Area of UV Visible spectra of samples 
from fouled caustic detergent wash and post-rinse and observed COD. The 
purpose of this report is to explore the applicability of UV Visible spectra for 
online monitoring of CIP cleaning cycles based on caustic wash as almost all 
beverage industries use only caustic wash. More details of all non-sodium 
based detergents can be found in the final report. 

2. Cleanliness of the washed surface was ensured by two methods, namely, 1) 
Washing the surface second time with reference detergent: Avoid and 
measuring COD of the sample 2) examining the swap using microscope. More 
details can be found in the final report. 

3. A correlation model that can be used at the beverage industries is proposed. 
4. Recommendations are made to optimize the cleaning cycles in CIP systems in 

beverage industries.  
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Chapter 5: Caustic Recovery from Spent Cleaning-in-Place 
Solutions – a Lab Scale Study 
 
“Trials of ceramic nanofiltration membranes” 
 
 

 
 
 

 
 

 



Smart Water Fund - Industrial Cleaning Practices                                                             

Prepared By:  subbu Page 96                             created on 1/12/2009 

5.1 Introduction 
 
The Our Water Our Future White Paper, which was put in place in 2004 by the 
Victorian government states.  “Melbourne Water and City West Water will develop a 
salinity reduction strategy for the Western Treatment Plant this year. A key outcome 
of the strategy’s implementation will be fit for purpose water for the Werribee 
Irrigation district Recycled Water Scheme.”  
 
City West Water has identified Cleaning in Place (CIP) chemicals as a major source 
of salt load at the treatment plant. Industries such as beverage and food processing 
plants discharge, in some cases, tonnes of spent caustic soda to waste each day after 
using caustic soda solutions for cleaning. 
 
Methods of purifying spent caustic CIP solutions have been proposed in a previous 
review for the Smart Water Fund “Nanotechnology for Caustic Recovery from 
Cleaning in Place Waste Streams” on September 12th 2006, by Dr Larry Jordan. 
 
This review identified key technologies which included nanofiltration, electrodialysis, 
and capacitive deionization. Nanofiltration was proposed to be the most appropriate 
technology for separating caustic from organic waste in the spent CIP solutions. The 
use of nanofiltration membranes is proposed to enable the transport of small 
molecules through the membrane, including water and sodium hydroxide, while larger 
dissolved organics and suspended solids are retained on the retenate side of the 
membrane. Of commercial membranes available Koch Membranes produce 
polymeric membranes, while ceramic membranes are produced by Pall Corporation. 
A ceramic nanofiltration membrane was proposed to have advantages over a polymer 
membrane for caustic recovery including physical robustness and potential for high 
temperature cleaning when used in a batch CIP process. 
 
In order to assess the suitability of Pall Corporation ceramic membranes, a lab based 
rig available at Pall Corporation was used to measure the performance of the ceramic 
membranes in purifying CIP waste solutions. The rig at Pall Corporation enabled 
measurement of the flow rate of the filtered solution produced, while chemical 
analysis of the permeate and retentate produced data on the percentage of caustic 
concentration retained after the filtration process, and the ability to remove 
contaminants from the solutions. 
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5.2 Membranes and Caustic Recovery Studies 
 
Several ceramic membranes of Pall Corporation Australia of 1-2 Wandarri Court, 
Cheltenham, Victoria 3192 were used in this study. Table 1 shows these membranes. 
 

Table 1 Membranes used for Conducting Trials 

No Length(mm) Surface Area(m2) Rating Membrane Type 

1 250 0.005 1.4 µm MF 

3 250 0.005 0.8 µm MF 

4 250 0.005 0.5 µm MF 

5 250 0.005 0.2 µm MF 

6 250 0.0055 0.1 µm UF 

7 250 0.005 100 nm UF 

8 250 0.005 50 nm UF 

9 250 0.005 20 nm NF/UF 

10 250 0.005 10 nm NF/UF 

11 250 0.005 5 nm NF/UF 

            



Smart Water Fund - Industrial Cleaning Practices                                                             

Prepared By:  subbu Page 98                             created on 1/12/2009 

5.3 Membrane Test Process 
 
A schematic of membrane filtration system is shown in Fig 1. The system enables 
spent CIP solution to be recirculated past the membrane to capture approximately 
90% of the CIP solution as permeate. 
 

 
Fig. 1 Schematic diagram of membrane separation process. 
 
Fig 2 shows the lab scale membrane unit used in this study. 
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Fig. 2 Photograph of filtration equipment used at Pall Corporation 

5.4 CIP Solutions 
 
Solutions of unused CIP cleaning solution, namely, 1) Alkamix and 2) Pureline, were 
tested in the micro/nanofiltration system. Solutions of used or spent caustic CIP 
solutions from Cadbury, Golden Circle, and Kerry Ingredients. The following are the 
details of the caustic solutions used in this study. 
 

1. Alkamix CIP solution: 4% NaOH plus detergent additives 
 

2. Pureline CIP solution: 4% NaOH with no additives 
 

3. Cadbury: CIP waste from carbonated beverage plant 
 

4. Golden Circle: CIP waste from juice processing 
 

5. Kerry Ingredients: CIP waste from ingredients processing 
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5.5 Analysis of CIP Solutions 
 
Solutions of CIP solutions were tested by the National Measurement Institute for 
alkalinity (mg/L), chemical oxygen demand (COD) (mg/L), total dissolved solids 
(TDS) (mg/L), and suspended solids (SS) (mg/L).  
 
Alkalinity is a measurement of the OH- concentration in the CIP solution. In the CIP 
solution filtration process, it is necessary to maintain a high alkalinity in the permeate, 
so that the OH- should pass through the membrane without concentrating in the 
retentate solution. 
 
COD is a measurement of organic concentration in the CIP solution. Organics consist 
of both suspended particles and dissolved compounds. Particles are ideally removed 
in the CIP solution filtration process; it may be desirable for low molecular weight 
organics to pass through the membrane as they are often build components in the CIP 
solution, such as surfactants and other agents.  
 
TDS is attributed to dissolved components of the CIP solution, predominantly from 
caustic detergent (sodium hydroxide and additives) and dissolved compounds from 
the cleaning process, mainly from beverage being processed. The level of TDS is 
predominantly due to NaOH and the TDS should be high in the permeate and not 
concentrated in the retentate. 
 
SS is attributed to particles that do not pass through a 1.2 µm membrane. These 
should be removed in the CIP filtration process. 

5.6 System Performance 

5.6.1 Flow Rates 
 
At pumping pressures of 1.4 bar max. (trans membrane pressure), the flow rates 
achieved with the micro/nanofiltration system are shown in Appendix B.  
 
Alkamix: Flow rates ranged from 16 L/h for the 1.4 µm membrane to 2 L/h for the 
100 nm membrane. A decrease in flow over time with the membranes could be 
reduced by backflushing. 
 
Pureline: Flow rates for Pureline were less than that of Alkamix, especially at smaller 
membrane pore sizes. Flow rates ranged from 12 L/h for a 1.4 µm membrane to 0.3 
L/h for the 200 nm membrane. There was no reduction in flow rate using Pureline as 
seen when using Alkamix, indicating that the additives in Alkamix have an effect on 
permeation of retentate through the membrane. 
 
CIP waste solutions: All three CIP waste solutions showed similar flow rates. When 
using the 1.4, 0.8 and 0.5 µm membranes, it was possible to achieve flow rates of up 
to 100 L/h whereas with the 0.1 µm, 100nm and 50nm membranes, the flow rate was 
significantly low, which is in the order of 2-3 L/h. 
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5.6.2 Volume Recovery 
 
Due to the way the retentate is recycled through the membrane in the filtration system, 
the recovery of permeate can be very high and in theory can be run until there is no 
liquid left in the retentate. In the tests conducted with membranes from 50 nm to 1.4 
µm the filtration system was run to achieve 90% recovery of CIP solution. A rate of 
90% solution recovery could reduce salt discharge to trade waste by 50%. 
 
With membranes below 50 nm, the pressure was not high enough to achieve any 
permeate solution. 

5.6.3 System Durability 
 
The ceramic membrane system is suitable for caustic CIP waste filtration being rated 
as suitable for pH up to 14, a temperature of 95 ˚C and a pressure of 8-10 bar 
depending on the module selected. The stainless steel components of the system can 
be designed for use with caustic solutions – the grade of stainless steel should be 
specified by an engineer considering chemical corrosion and potential stress corrosion 
cracking potential. 
 
Although the ceramic membranes are durable, sudden changes in solution temperature 
can cause cracking and should be avoided. 

5.7 Analysis of Retentate and Permeate 
 
Retentate and permeate analysis for CIP waste solutions from Cadbury, Golden Circle, 
and Kerry Ingredients are shown in Appendix C. 

5.7.1 Alkalinity 
 
All CIP waste solutions showed the same alkalinity in the permeate and retentate for 
all membranes from 1.4 µm to 50 nm. The alkalinity in the permeate and retentate 
also matched that of the unfiltered solution. This is desirable as alkalinity needs to be 
maintained in the permeate for the solution to be reused. 

5.7.2 Total Dissolved Solids 
 
Like alkalinity, the TDS was the same in the permeate and retentate for all 
membranes. This is expected as alkalinity is likely to be the main contributor to TDS 
in the CIP waste streams. 

5.7.3 Suspended Solids 
 
Removal of SS is considered to be a key indicator of the ability of the membranes to 
purify CIP waste solutions for reuse. In the data shown in Appendix C, the removal of 
suspended solids is confirmed from the fact that the SS of permeate is lower than that 
of  the retentate. However, the difference in measured SS between the spent CIP 
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solution and the permeate was not significant. The microfiltration membranes tended 
to show higher SS in the retentate than the nanofiltration membranes; it could be due 
to fouling of the nanofiltration membranes.  
 
There are two issues that are associated with the SS results: 
 
The test for SS involves collection of SS on a 1.2 µm pore size filter paper. This 
means that if the SS in the CIP waste is below 1.2 µm, they woud not show up in the 
test. Also, the difference in filtration performance in membranes below 1.2 µm may 
not show up. 
 
The CIP waste samples from the three industries were very clean in the first place, as 
shown by SS data and visual appearance, making it difficult to filter out significant 
volumes for measurement in a low volume lab based filtration system. 

5.7.4 Chemical Oxygen Demand 
 
The COD measurements showed that a lower COD in the permeate than that in the 
retentate indicating that the permeate was cleaner. However the difference between 
permeate and spent CIP solution was not significant and the variability in results was 
large. COD did not appear to be a particularly useful method to measure filtration 
performance. 
 

5.8 Conclusions 
 

1) Although SS and COD data on filtered CIP waste showed an improvement in 
the permeate quality after filtration, there was no significant improvement in 
comparison to the initial CIP waste.  

2) The CIP waste solutions provided from the industries were very clean and thus 
reuse without filtration should be considered for these industries before 
filtration is implemented. However, filtration could play a role in cleaning up 
caustic solutions that are more contaminated with suspended solids. 

3) Pilot scale work could produce more insightful results as greater volumes, 
higher pumping pressures, and longer runs should lead to more reliable results. 
If pilot work is undertaken, it is suggested that a membrane of around 100 nm 
of pore size be used as a starting point to benefit from reasonably high flow 
rates and effective filtration.  

4) In selecting the pore size, the composition of the CIP solution needs to be 
considered. If the solution contains build additives, such as surfactants, the 
membrane should enable these to pass through.  

5) If SS measurements are conducted, it is recommended that the effect of filter 
paper pore size test be assed as small particles below 1.2 µm may not have 
been measured in the current tests as a 1.2 µm was used by the testing 
laboratory. 
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Chapter 6: Recommendations and Conclusions  
The project was successfully completed. Based on the findings and experience in this 
project, recommendations are made.  

6.1 Recommendations 
 

1) In the evaluation of the performance of the cleaning agents, fouling was fixed 
to one beverage, barbeque sauce from Kerry Ingredients. Cleaning cycle used 
at Kerry Ingredients was mainly used in our studies. Due to lack of resources 
such as barbeque sauce and time, repetition of the experiments was not 
possible. It is recommended that additional experiments be conducted to 
ascertain the findings. 

2) 20 kg of barbeque sauce was used to simulate the fouling. In order to be more 
realistic, large volume can be circulated if it is made available. 

3) In order to generalize the findings from this study, it is recommended that 
fouling be created for other beverages. 

4) Based on the survey of non-sodium based cleaning agents, six cleaning agents 
were identified. These cleaning agents are based on the specific formulations 
which are proprietary items to the particular supplier. Cleaning agents of the 
similar type from different suppliers can be obtained and can be used for 
further trials. Experiments and analysis were made based on them.   

5) UV Visible spectra based monitoring technique was explored based on the 
samples that were collected offline due to non-availability of the time at the 
industrial sites. Commercial UV visible probe can be used for online 
monitoring and optimization. 

6) As regards the recovery of caustic detergent, it is recommended that HPLC 
analysis be conducted on the permeate solution to find out the presence of any 
fouling and ascertain the quality of filtration. 

6.2 Conclusions 
 

1) Three industries were selected from this list of fifteen industries, namely, 
Kerry Ingredients, Golden Circle and Cadbury Schweppes, as they 
represented wide spectrum of fouling in the trade waste stream. The 
samples of detergent wash and post-rinse were collected from these 
industries and they were analysed for characteristics such as concentration 
of NaOH, COD, turbidity and TDS to understand the level of fouling and 
cleaning process.  

2) It was found that the level of fouling was not high, in particular, the 
fouling level in the trade waste from processing of juices and soft drinks. 
As a result 

3) A test rig was designed, fabricated and used in the experiments that 
simulate the fouling and cleaning processes at the food and beverage 
industries. 

4) Three different beverages were selected for this study. They are barbeque 
sauce from Kerry Ingredients, orange juice from Golden Circle and tomato 
juice from Cadbury Schweppes to represent high, medium and low fouling, 
respectively. 
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5) Six types of commercial detergents, which are based on 1) KOH, 2) herbal, 
3) organic acid, 4) citric acid, 5) enzyme and combinations of NaOH and 
KOH, were found to be highly effective for CIP cleaning at the beverage 
industries. Among these detergents, Triple 7 and Citronox were found to 
produce comparable levels of cleaning. NaOH/KOH combination with 1:3 
proportion is found to have better cleaning efficiency than other 
proportions. Higher KOH in the proportion is found to produce better 
cleaning. 

6) Tomato juice and orange juice were found to produce very low fouling 
even after processing at 92-95˚C for more than 5 hours and flow rate. As a 
result, performance evaluation of alternate detergents for these beverages 
could not be conducted. However, the findings that are made with trials on 
barbeque sauce are quite suitable as all these beverages have major 
ingredients of sugar and starch.  

7) Cost benefit analysis CIP cleaning for Kerry Ingredients, Golden Circle 
and Cadbury Schweppes have been conducted. As regards Kerry 
Ingredients, Purline 382A can create a savings of $3844.9 among alternate 
non-sodium based detergents. Detergents of NaOH and KOH 
combinations can produce less expenditure. However, they are found to 
have less cleaning efficiency than that of the reference detergent: Avoid, 
the exception being the combinations with higher KOH combination. In 
the case of Golden Circle, all alternate detergents except Easi Advantage 
Plus, Triple 7 Citronox and quatrazyme, are comparable in terms of cost. 
As for Cadbury Schweppes, all alternate detergents except Easi Advantage 
Plus, Triple 7, Citronox and quatrazyme, are found to produce benefit less 
in terms of cost.  

8) Sensitivity analysis was conducted by varying circulation time of detergent 
wash and concentration of detergent. Quaterzyme was found to have 
remarkable improvement when the circulation time was conducted beyond 
30 minutes. As regards the studies on the effect of concentration on the 
detergent performance Quaterzyme and Citronox are found to show 
comparable performance when their concentration was changed to 1.5% 
v/v. 

9) A predictive model was formulated based on a correlation between COD 
and cumulative UV Visible absorbance level of the samples, which was 
calculated from the area under the curve of UV visible spectrum. It can be 
used to infer the level of fouling and cleaning for any detergent wash 
without tedious process involved in manual laboratory tests such as COD. 
The model was validated from the samples from Kerry Ingredients. 
Predicted CODs and observed CODs for the samples from Kerry 
Ingredients are found to correlate well. 

10) Pilot scale work could produce more insightful results as greater volumes, 
higher pumping pressures, and longer runs should lead to more reliable 
results. If pilot work is undertaken, it is suggested to use a membrane of 
around 100 nm pore size as a starting point to benefit from reasonably high 
flow rates and effective filtration. 
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Appendix A: Water and Caustic Detergents Used in 
Industries 

Details 
Kerry 
Ingredients 

Cadbury 
Schweppes Golden Circle 

Water usage/annum (CIP) (kL) 260 3510 1066
Trade Waste discharged 
(kL/year) 12220.00 179920.00 92518.99
TDS (Kg/yr) 195004.00 415245.00 328442.41
Sodium discharged (Kg/year) 9150.46 19895.00 11454.63
%Na 4.69% 4.79% 3.49%
Number of CIP washes/week 5   6

Detergent used Avoid (30%)
DS460 (46% 

NaOH) 
DS460 (46% 

NaOH)
Detergent supplier Ecolab Ecolab Ecolab
density (Kg/L)  1.5 1.5
Active Component 0.7 0.46 0.46
Detergent dilution (hot) (w/v) 2.00% 1.50% 0.25%
Detergent dilution (cold) (w/v) n/a 2.50% 0.25%
Detergent dilution (hot) (v/v) 2.86% 2.17%  
Detergent dilution (cold) (v/v)  3.62%  
Quantity of water used/wash (L) 5000 350 750
Number of washes - hot/week 5 2  
Number of washes - cold/week  6 6
Detergents used/wash - cold (L) 
(calcd) 142.86 7.61 1.88
Detergents used/wash - hot (L) 
(calcd)  12.68  
Detergents used/wash - cold (L) 
(prac) 160   2
Detergents used/wash - hot (L) 
(prac)  n/a   
Number of reuses before 
dumping 10 1 1
Detergents used/week (L) 80.00 91.30 12.00
Detergents used/annum (L) 4160.00 4747.83 624.00
Cost of detergent ($) per litre 2.50 1.05 1.05
Total cost ($) 10400.00 4985.22 655.20
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Appendix B: Filtration Flow Rate 
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Fig. 3 Flow rate for 1.4µm membrane Alcamix CIP solution. 
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Fig. 4 Flow rate 0.8µm membrane Alcamix CIP solution. 
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Alcamix 0.5u
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Fig. 5 Flow rate for 0.5µm membrane Alcamix CIP solution. 
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Fig. 6 Flow rate for 0.2µm membrane Alcamix CIP solution. 
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Alcamix 100n
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Fig.7 Flow rate 100nm membrane Alcamix CIP solution. 
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Fig. 8 Flow rate for 1.4µm membrane Pureline CIP solution. 



Smart Water Fund - Industrial Cleaning Practices                                                             

Prepared By:  subbu Page 110                             created on 1/12/2009 

 

Purline 0.8u

4.6

4.7

4.8

4.9

5

5.1

5.2

5.3

5.4

5 10 15 20 25

Time (min)

Fl
ow

 ra
te

 (L
/h

)

Pump Speed 
Increased

 Fig.9 Flow rate for 0.8µm membrane Pureline CIP solution. 
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Fig.10 Flow rate for 0.5µm membrane Pureline CIP solution. 
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Fig.11 Flow rate for 0.2µm membrane Pureline CIP solution. 
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Fig.12 Flow rate of 1.4µm membrane for Golden Circle CIP waste solution. 

 

Fig.13 Flow rate of 0.8 µm membrane for Golden Circle CIP waste solution. 

 

   

 
Fig.14 Flow rate of 0.5µm membrane for Golden Circle CIP waste solution. 
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Fig.15 Flow rate of 0.2µm membrane for Golden Circle CIP waste solution. 

 

 

 
Fig.16 Flow rate of 0.1µm membrane for Golden Circle CIP waste solution. 
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Fig.17 Flow rate of 50nm membrane for Golden Circle CIP waste solution. 

 

 

 
Fig.18 Flow rate 0.8µm membrane for Cadbury CIP waste solution. 

 
Fig.19 Flow rate of 0.5µm membrane for Cadbury CIP waste solution. 
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Fig.20 Flow rate of 0.1µm membrane for Cadbury CIP waste solution. 

 

 
Fig.21 Flow rate of 100nm membrane for Cadbury CIP waste solution. 
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Fig.22 Flow rate of 50nm membrane for Cadbury CIP waste solution. 

 

 
Fig.23 Flow rate of 1.4µm membrane for Kerry Ingredients CIP waste solution. 
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Fig.24 Flow rate of 0.5µm membrane for Kerry Ingredients CIP waste solution. 

 
Fig.25 Flow rate of 0.2µm membrane for Kerry Ingredients CIP waste solution 
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Fig.26 Flow rate of 100nm membrane for Kerry Ingredients CIP waste solution. 

 

 
Fig.27 Flow rate of 50nm membrane for Kerry Ingredients CIP waste solution. 
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Appendix C: Permeate and Retentate analysis 
 
Unfiltered solution alkalinity 21,000 mg/L 
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Fig.28 Alkalinity of Cadbury CIP waste. 
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Unfiltered solution TDS 20,000 mg/L 
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Fig. 29 TDS of Cadbury CIP waste. 
 
Unfiltered solution suspended solids 60 mg/L 
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Fig. 30 Suspended Solids Cadbury CIP waste. 
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Unfiltered solution chemical oxygen demand 140 mg/L 
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Fig. 31 COD of Cadbury CIP waste. 
 
Unfiltered solution alkalinity 8,100 mg/L 
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Fig.32 Alkalinity of Golden Circle CIP waste. 
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Unfiltered solution TDS 7,800 mg/L 
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Fig.33 TDS of Golden Circle CIP waste. 
 
Unfiltered solution suspended solids 4 mg/L 
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Fig.34 SS of Golden Circle CIP waste. 
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Unfiltered solution chemical oxygen demand 20 mg/L 
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Fig.35 COD of Golden Circle CIP waste. 
 
Unfiltered solution not measured 
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Fig 36 Alkalinity of Kerry Ingredients CIP waste. 
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Unfiltered solution not measured 
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Fig.37 TDS of Kerry Ingredients CIP waste 
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Fig.38 Suspended solids Kerry Ingredients CIP waste. 
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Unfiltered solution not measured 
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Fig.39 COD of Kerry Ingredients CIP waste. 
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Appendix D: Effect of Detergent Concentrations on 
Cleaning Performance 
 

 
Fig.1 Effect of concentrations of Conquest K detergent washes: electrical 
conductivity. 
 

 
Fig.2 Effect of concentrations of Quaterzyme detergent washes: electrical 
conductivity. 
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Fig.3 Effect of concentrations of Triple 7 detergent washes: electrical eonductivity. 
 
 

 
Fig.4 Effect of concentrations of Citronox detergent washes: electrical eonductivity. 
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Fig.5 Effect of concentrations of Quaterzyme detergent washes: turbidity. 
 
 

 
Fig.6 Effect of concentrations of Conquest K detergent washes: turbidity. 
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Fig.7 Effect of concentrations of Triple 7 detergent washes: turbidity. 
 

 
Fig.8 Effect of concentrations of Ctronox detergent washes: turbidity. 
 

 
Fig. 9 TDS of all selected detergents for different detergent concentrations. 



Smart Water Fund - Industrial Cleaning Practices                                                             

Prepared By:  subbu Page 130                             created on 1/12/2009 

 

 
Fig. 10 TSS of all selected detergents for different detergent concentrations. 
 

 
Fig.11 Effect of concentrations of Ctronox detergent washes: COD. 
 

 
Fig.12 Effect of concentrations of Quaterzyme detergent washes: COD. 
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Fig.13 Effect of concentrations of Triple 7 detergent washes: COD. 
 

 
Fig.14 Effect of concentrations of Conquest K detergent washes: COD. 
 


