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Executive Summary 
 

DANONE Boksburg seeks to make their production systems more efficient through the 

reduction of lost product. There are currently five plants in operation and the company has 

been experiencing losses worth about R 1, 9 million. DANONE wanted determine the origin 

of these losses that are occurring through by careful analysis of all the operations in the 

production areas and process flow diagrams. 

To accomplish this there is a need investigate how much is lost at each phase of the 

production systems through the use of simulation methods. The model will assist in depicting 

how much production DANONE loses on a day to day basis and how these losses affect the 

company‟s financial reports. 

This report will later show the steps undertaken to assist DANONE in increasing efficiency in 

point. Firstly a detailed process map for the different production areas will be developed. 

Output from the process maps will allow for the construction of losses maps. Thereafter an 

IDEF 0 model will be used as a visual modelling tool from which an AS-IS discreet event 

simulation model is built in Arena. The simulation will allow for analysis of the current 

processes and calculations will be done to determine the financial implications to the 

company‟s financials. 

By analysing the simulation model it seems that reducing the amount of product that pushes 

the product to the drain each time production starts to suit the batch size could help the 

company. There could also be benefits in reducing the number of tanks used for cold storage 

so that they can be used as incubation tanks. These could reduce the queuing that could 

happen in busy times were the availability of the incubation tanks could be stalling 

production. The project scope was not completely recognised in this document but benefits of 

using IDEF1X, cost analysis and many more industrial engineering methods are recognised 

for future work.  
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Chapter 1 

Introduction 

1.1. Company Background 
 

DANONE is a French company, started by a French ship merchant Isaac Carasso after he 

heard of the health benefits of a product from the Middle East called “Yoghurt”. Although 

this product had been used in the Balkan and Middle East countries since biblical times it was 

new to Europeans. The director of the Pasteur Institute was interested in these health benefits 

and worked to understand the product to see what gave the product such qualities that insured 

good health. After the Pasteur Institute identified the specific bacteria and isolated ferments 

they developed cultures that could be used to produce yoghurt. Isaac Carasso, who had been 

following the institute‟s progress, started producing Yoghurt with these cultures in Spain in 

the year 1919 and called his company DANONE after his son Daniel‟s Spanish nickname 

which meant little Daniel. 

DANONE products were sold in pharmacies and as interest grew they were sold in dairy 

outlets. In the following years, more customers demanded a variety of dairy products and so 

DANONE formed a merger with a cheese making company called Gervais. This broadened 

the market since Gervais DANONE was now known in all the countries in which these 

companies had individually been operating. When a glass making company BSN decided to 

diversify their food division by approaching key food companies of that time, Gervais 

DANONE decided to accept the merger to increase the international market of the company. 

The company‟s products showed potential all over Europe and their products ranged from 

infant food, dairy products, bottled water, biscuits and pasta. Due to the success the company 

decided to target markets in other continents such as Africa. 

DANONE conducted market research of the dairy market in Southern Africa in 1996 and 

then decide to form a joint venture in 1998 with Clover, which at that time was already an 

established dairy company in Southern Africa. The two companies benefited from the venture 

since they could as a joint unit cover the dairy market where one specialised in processed 

dairy drinks, cream, cheese, butter the other specialised in desserts (custards) and yoghurts. 

This relationship worked well for both parties, but in the year 2010 DANONE bought Clover 

out of the venture in the pursuit to operate independently as DANONE Southern Africa. 

DANONE is currently leading in the dairy products and desserts market in Southern Africa 

with 43% market share. 

DANONE Boksburg produces a variety of dairy products that are sold both here in South 

Africa and other African countries. Currently the company has one plant with five process 

areas. in these process areasdesserts, Inkomaas, long shelf life yoghurt and stirred yoghurt are 
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produced. In the fifth area raw milk is processed into Skim milk, full cream milk and cream. 

For the scope of this project only the stirred yoghurt plant will be studied. 

1.2. Process Description 
 

This project will lookat a process area in DANONE Boksburg that is responsible for stirred 

yoghurt. Stirred yoghurt is yoghurt that is agitated/stirred throughout the production process. 

Since the project concentrates on the production of stirred yoghurt, a thorough understanding 

of the steps shown in Figure 2 below is required in order to fully understand the entire 

process of making yoghurt. As a means of quality control one should note that for product to 

move from one area of production to the next area e.g. from mixing to pasteurisation, a lab 

release needs to have been obtained. The lab release should state that the products Total 

Solids, Butterfat and Protein comply with those that were determined by Research and 

Development of the company as being suitable for certain products. 

 

Figure 1 Stages of Stirred yoghurt production 

1.2.1. Mixing 

 

The process of production starts when the operator  inputs the total amount of product that is 

required to be made in kg into a spread sheet that DANONE calls „Protein standardisation‟. 

This spread sheet calculates the amount of litres of skim milk, full cream milk, cream, etc. 

and the amount of kilograms of dry ingredients required in production for the specified 

amount of kilograms that need to be produced. After all the calculations are done all the dry 

ingredients are obtained from stores then milk products (cream, full cream  and skim) are 

drawn into the standardisation mixing tanks . 

For the dry ingredients to be mixed in the mixing room, the milk products would need to be 

in the tank. In the mixing room the dry ingredients are added into a machine known as a 

powder mixer. The powder mixer dissolves, then pasteurises the dry ingredients before they 

are mixed with chilled water and sent through to the standardisation mixing tanks. After all 

the dry ingredients are added in the mixing tanks the agitator is started and mixing takes 

place. The mixing of the milk products and the dissolved dry ingredients of the recipe needs 

Mixing 

Pasteurisation 

Homogenisation 

Incubation 

Cooling 
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to be monitored as the mixture may foam up. The product stays in the standardisation mixing 

tanks for up to two hours with the agitator mixing the product for most of the time. 

1.2.2. Pasteurisation 

 

After the product has stayed in the mixing tanks and a lab release form has been obtained the 

product is moved from the mixing tanks to the pasteuriser. The pasteuriser applies high 

temperatures to the product at short period of time. The product is heated mostly to 

temperatures below its boiling point which is usually temperatures of about seventy two to 

seventy five degree Celsius for most milk based products. The mixed product is heated to 

these temperatures for about 15 to 17 seconds to kill bacteria, mould, yeast and other harmful 

organisms that could be in the mixture. This is done to avoid early spoilage of product is all 

the harmful organisms grow quickly where there is food. Most of the products that are 

pasteurised at high temperatures for short period of time have refrigerated shelf life of up to 

three weeks. 

1.2.3. Homogenisation 

 

The product mixture is put through the homogeniser to create a  mixture that is more constant 

throughout in terms of the content .To even out the contents of  the mixture the homogeniser 

forces large amounts of the mixed product through small holes at high pressure. 

Homogenised product mixture does not separate easily into component parts since the 

mixture contents where decomposed into the smallest soluble parts so that the mixture is of 

this small parts which cannot separate any further. Homogenisation follows straight after 

pasteurisation and in the dairy industry one would not occur without the other following. In 

some plants the two are regarded as one thus they are sometimes referred to as pasteurisation 

unit. 

1.2.4. Incubation 

 

When the product has been homogenised, culture is added to the mixture. Culture used in 

yoghurt production is what is considered good bacteria. The bacterium ferments the lactose 

and produces lactic acid which works on milk protein to produce yogurt which is curdled 

texture and also has a distinct taste. The culture is added at a small unit where high pressure 

is applied to the culture so it can mix with the product. When the culture has been added the 

mixture flows into the incubation tanks. In the incubation tank the temperature is kept high so 

that the bacteria can be active since they are non-operative at low temperatures. The 

incubation process takes up to eight hours. After the product has reached a certain PH mostly 

around 4.5 the incubation process is stopped and the product gets a lab release if it complies 

with all the other requirements .The product that is successfully incubated is sent to the 

cooler. 
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1.2.5. Cooling 

 

To move product from incubation to cold storage the lines between the two tanks and the 

recipient tank need to be brought to a lower temperature to cool the product. This is done by a 

process known as tempering where water is sent through a cooler to the recipient tank and 

back through the lines to the tank where the product is. After tempering the product is sent to 

the cooler which decreases the temperature of the product by moving it in a line which is 

close to lines with very cold water. The cooled product then moves into the Cold storage tank 

where it‟s agitated/stirred thirty to forty minutes and then moved to packaging area if the is 

demand for it. When the is no demand for the product to be packaged the product can stay in 

the tanks up to four hours as long as the PH is closely monitored.  

1.3. Problem Statement 
 

 The company‟s production losses reported in2010 amounted to R 1, 900, 000.This is 8% of 

the amount of resources that were used for production, thus a cause of concern for DANONE 

since they ideally would like all their factories to operate at <2% production loss. The key 

problems that influenced production losses in the previous year are described in greater 

detail, below and in the chapters that follow. 

 

 The amount of product lost when product is sent to the tanks for mixing, 

incubation, , cooling  and storage. 

Priming is an automated process that occurs every time there is movement of product or 

product ingredients in the lines. This process is needed since all the lines are usually filled 

with water when there is no production. When production starts the water needs to be rid 

of so that the ingredients /product can move towards the required destination without 

being diluted. To get the water out of the lines the program used uses product/ingredients 

to push the water to the drain until a certain flow rate reading is obtained and then the 

valves of the specified destination open and the products/ingredients flow in. Currently a 

lot of the products/ingredients are being sent to the drain when priming takes place. 
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 The effluent and solid waste that is left in the water after production 

Effluent refers to the liquid that is discharged from factories as waste water in most 

industrial facilities. The composition of the dairy waste usually has what is termed COD 

(chemical oxygen demand) which is the amount of organic pollutants found in the water. 

In the Ekurhuleni municipality this part of the waste water composition account for a 

slightly higher percentage of the amount compared to other parts and is closely monitored 

by DANONE. The other constitutes of the Ekurhuleni municipalities sewerage disposal 

tariffs calculations are not less important but production at DANONE contributes less to 

them. 

 

 
 

 

Figure 2 Illustrations of line priming 
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1.4.Project objectives and methodology 

1.4.1. Process Mapping 

 

Develop a detailed process map for the different plants in order to construct a hierarchical 

structure that will help in understanding the production flow processes that exist. The map 

will highlight the flow from the area where milk is received in its unprocessed form to where 

it is used in production in the different plants and end in the packaging area of the different 

plants.After a process map has been developed then the areas in the production process where 

there is high loss of resources will be identified and a losses map will be constructed. 

1.4.2.Model Construction 

 

With a process map done and losses map known an IDEF0 model will be used as a visual 

modelling tool to show the hierarchal relationships of all the production areas. The IDEF0 

model will help in defining the simulation requirements of the current system and the 

proposed systems. From the IDEF0 a data model will be constructed using IDEF1X 

principles. These IDEF models will then be used to develop a detailed AS-IS discreet event 

simulation model. Using the discrete event Arena simulation the process will be analysed and 

calculations will be made to see the financial implications of this system to the company‟s 

finance. 

1.4.3. Develop improvement scenarios 

 

Methods for constraint elimination will be formulated and run as improvement scenario in the 

simulation model. A cost analysis study will be conducted for the scenario that will be 

developed as possible solution. 

 

1.4.4 .The cost effective solution and development of a preventive plan 

 

By the end of the project all the findings will be organised into an AS-IS simulation that will 

be presented to DANONE Southern Africa so they can have a clearer view of their problem 

and also so they can easily identify how and where they are currently losing resources. 

The same model that is developed for the AS-IS model will be used to show the effect of 

different parameter adjustments. The effect that each of this parameter adjustments will have 

on the finances of the company will be studied so that the solution that will be put forward to 

management will be the most economical one. 

1.4.5.Research Methodology 
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The aim of this research is to map out resource losses so that a more clear view of losses will 

be available showing where and how loses are distributed. IDEF will be used to model the 

decisions, activities and actions of the different plants. After a visual model of the plant‟s 

operations has been developed using IDEF methodologies, research will be conducted to see 

how simulation has been used in the dairy industry and in other industry to fully capture all 

the realities of a physical process. With understanding of simulation then the problem will be 

decomposed further by use of discreet simulation so that its processes on a daily, monthly and 

yearly basis can be understood and analysed. 

Since there is a need for a solution that will reduce the amount of money lost in production 

currently this report‟s literature review will look what at which costs need to be considered 

for decisions and how to evaluate alternative solution scenario according to the expenditures 

that are associated with them ,so that the most economical solution can be chosen. A research 

framework illustration in Figure 3will be used as a visual tool to show how all the methods 

mentioned above will be integrated to this project to solve the problem of resource losses. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3Diagrammatic representation of the Research framework for the project 
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Chapter 2 

Literature Review 
 

The literature review will look at the research methods that where mentioned in the previous 

chapter. The topics that are part of this project can be better understood by looking at work 

that has been done in industries to solve similar problems and by also looking at problems 

that were solved using the same tools that where mentioned .The order of the research topics 

discussed in this chapter will be as follows: 

 IDEF Methodologies 

 Simulation 

 Cost-Benefit Analysis 

2.1.IDEF methodologies 

2.1.1. Introduction 

 

IDEF family was developed by the U.S Air Force with the aim of developing „generic 

subsystems‟ which would be used to optimize productivity of systems not only in the military 

but also in other industries. In order to achieve the goal of a generic subsystem a common 

baseline communication vehicle for planning, developing and implementing was required. 

The Structured analysis and Design Technique (SADT) which was originally developed by 

Douglas T. Ross of Softech was selected as the “Architecture of Manufacture” the 

communication vehicle. SADT was further developed by the ICAM program to a series of 

techniques of which two will be discussed further below. 

2.1.2. IDEF0 

 

IDEF0 is a functional modelling tool used to show the systems main functions and the 

relationship between the functions.IDEF0 assists the modeller in identifying what functions 

are performed, what is needed to perform those functions, what the current system does right, 

and what the current system does wrong. 

 In IDEF0, context diagrams are used to show the systems functions at the highest level of 

operation. The context diagrams have five elements: the activity or process represented by a 

box, inputs and outputs represented by arrows pointing to the box from the left and out of the 

box on the right respectively. Then an arrow flowing into the box from the top is used to 

represent the control and the arrow flowing into the box from the bottom is used to show the 

mechanisms of the processes or activity represented by the box. 
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Context diagrams are sometimes connected to show the relationship of different functions to 

each other .In such cases you would find the outputs of one function would be an input 

/mechanism of the next function and such a diagram usually is referred to as a parent diagram. 

An example of this kind of diagram is given below in Figure 5 

 

 

 

 

 

Figure 5. Arrow positions and Roles 

Source: (Draft Federal Information Processing Standards Publication, 1993) 

Figure 5 Process Map done with IDEF0 principles 

Source: (Dawood & Al-Bazi, 2008) 

Figure 4 IDEF0 Context diagram 
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2.1.4. Advantages and disadvantages 

 

Advantages 

 Widely accepted in different industries globally which means there is less training or 

tutoring of people when there is use of the IDEF techniques. 

 IDEF methods integrate information from domain experts.  

 IDEF methods can be used to develop and validate simulation models 

   Its different parts are easily interpretable and integratable when developed independently 

of each other. 

 There are several automated software‟s that support the development of the IDEF models 

Disadvantages 

 The model tends to be overwhelming for first time users if the technique for the 

construction is not explained. 
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2.2.Simulation modelling 

2.2.1. Introduction 

 

Simulation modelling is a common paradigm for analysing complex systems. In a nutshell, 

this paradigm creates a simplified representation of a system under study. The paradigm then 

proceeds to experiment with the system, guided by a prescribed set of goals, such as 

improved system design, cost–benefit analysis, sensitivity to design parameters, and so 

on.(Altiok & Melamed, 2002).And according to (Kelton, Sadowski, & Sturrock, 2007) 

simulation refers to a broad collection of methods and application to mimic the behaviour of 

real systems, usually on a computer with appropriate software.  
 

2.2.2. History of simulation 

 

A brief history according to (Kelton, Sadowski, & Sturrock, 2007)of computer simulation 

will be rendered below: 

Simulation could be traced as far back as 1733 when a man by the name of George Louis 

Leclerc described an experiment to estimate the value of .Others might argue that the field of 

simulation could be traced to the 1920 and 1930 since around that time a lot of statisticians 

began using random number machines and tables in numerical experiments to help develop 

and understand statistical theory. Monte Carlo simulation also came into use around the 

1930‟s, and thus progression of computer simulations was furthered by the use of this model 

when World War II started in the late 1930s and a more fast paced production approach was 

taken. 

In the late 1950s and 1960s the use of simulation was expensive and required specialised 

training due to the limited number of computers which at that time cost a lot of money to 

acquire and run. In the 1970s and 1980s with computers becoming faster and cheaper and a 

lot more people being familiar with computers a lot of industries started using simulation. 

During this time simulation became part of a lot of industrial engineering curriculum at a lot 

of universities. By late 1980s simulation became a requirement for approval for a lot of 

companies‟ major projects due to the introduction of the personal computer and animation. 

In recent years the use of simulation is not only used by large corporations but also small 

enterprises have started using it. The manner in which simulation is used has also changed 

and it is now earlier in the design phase and updated as changes are made. The future of 

simulation in most industries seems bright with the increased speed of computers and easy 

integration of simulation with other software packages.  
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2.2.3. Advantages and disadvantages of simulation 

 

Advances in simulation software power, flexibility and ease of use have moved the approach  

from the realm of tedious and error prone, low level programming to the arena of quick and 

valid decision making(Kelton, Sadowski, & Sturrock, 2007). 

According to (Sanchez, 2007)some of the added advantages of using simulation modelling 

are the following: 

 Models can enable us to study how a prospective system will work before the real 

system is built, and we are able to understand this model at a fraction of a price that it 

would cost to build the real model. 

  Used to mitigate risking projects where the practicing with the real system will be too 

costly, e.g. training a commercial flight pilots how to control the plane in different 

weather conditions. 

 Another benefit is a model‟s ability to scale time or space in a manner that is 

favourable to the study that is being conducted 

 

Other advantages that were noted by DR K.P Mohandas in his paper Introduction to 

Simulation are: 

 

 Insight can be obtained about the interaction of variables 

 Insight can be obtained about the importance of variables to the performance of the 

system 

 Bottleneck analysis can be performed where work in progress, information; materials 

and so on are being delayed. 

 A simulation study can help understanding how the system operates rather than how 

individuals think the system operates. 

 What-if questions which are useful in the development of new systems can be asked 

in simulation models. 

 

Though simulation has a lot of benefits it also has a few shortcomings and that are mentioned 

below: 

 

 Building a Simulation require time, effort consuming and it requires a great deal of 

experience at times if the system being built is very complex. 

 Sometimes the information that is necessary for the simulation model might no be 

available 

 Simulation results are sometimes had to interpret since they are random variable 

based on random inputs. 

 Simulations sometimes can be time consuming and expensive to run if the individuals 

building the simulation model put in unnecessary data that just accessorise the model 

but does not benefit it in any way. 
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2.2.4. Types of simulation models 

 

According to Kelton there are a lot of ways of classifying simulations but the most useful 

way is by putting them into the following three dimensions: 

 Static vs. dynamic-In this models the variant is time, time plays a role in dynamic 

models and is irrelevant in the case of static models. Most operational models are 

dynamic thus some software like Arena was designed with them in mind. 

 Continuous vs. Discreet-In continuous model of the state of the system changes 

continuously over time and in discreet model change in state occurs at specific points 

in time. 

 Deterministic vs. Stochastic-Deterministic models do not have random inputs thus 

all the inputs values are fixed. Stochastic inputs are random variables. A system„s 

model can be both deterministic and stochastic. 

2.2.5. Discreet event simulation 

 

Discreet event simulations change in state happens at specific times over the run of the 

system. The evolution of the discreet event system model is governed by a clock and a 

chronologically ordered event list. That is, events are linked in the event list according to 

their scheduled order of occurrence(Altiok & Melamed, 2002).According to (Kelton, 

Sadowski, & Sturrock, 2007)most discreet event simulations are executed in the event 

orientation thus it is very important that one be able to map out the events of a process if need 

be that the system is not executed in the process orientation. 

2.2.6. Steps in a simulation study 

 

Building a simulation model is not a small task, challenges are experienced at different stages 

of the simulation modelling process and this requires that all the stakeholders make time to 

describe the various processes and provide any data that will be useful. A modelling process 

like the one described by (Centeno & Carrillo, 2001)will be followed for this project. 
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2.2.7Model Verification and Model Validation 

 

Verification makes sure that the model conforms to its specifications and does what it is 

supposed to do(Altiok & Melamed, 2002).Validation can be defined as “substantiation that a 

computerised model within its domain of applicability possesses a satisfactory range of 

accuracy consistent with the intended application of the model” Schlesinger et al. (1979). The 

developers and users of these models, the decision makers using information derived from the 

results of the models, and people affected by decisions based on such models are all rightly 

concerned with whether a model and its results are “correct”(Sargent, 1999). This makes 

verification and validation two of the most important steps in the simulation modelling 

process shown above. Under the subheadings below the will be a discussion of some of the 

techniques that could be used. 
 

Model Verification 

After the model has been formulated it is important that the analyst debug the model so that it 

will behave as intended. This can be done by using the following techniques according to 

(Sargent, 1999): 

 Animation-by displaying the models operational behaviour graphically as the model 

moves over time allows for the people who work with the real life system to identify 

programming errors. 

 Modular testing of the simulation model in the development phase so that the model is 

debugged as it made. 

Figure 6. Steps and Decisions for Simulation Modelling Process 

Source: (Centeno & Carrillo, 2001) 
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 Turing tests - where people familiar with the system are asked to between the system 

and model outputs. 

 Traces- the behaviour of entities of the real life model are followed in the simulation 

model to see if the model logic is correct and also to see if the right accuracy is 

achieved. 

Model Validation 

After the model has been verified then we need to validate it and the following techniques 

could be used according to (Sargent, 1999): 

 Historical Data Validation- use some of the historical data as inputs on the model and 

check to see if the results of the model correspond to the historical results of the 

system. 

 Face Validity-asking people knowledgeable about the process if the simulation, 

models logic is reasonable and also asking if the input output relationships of the 

model are ok. 

 Predictive Validation - where the systems behaviour is known and the model is run to 

see if the forecast that is given by the model is representative of the systems 

behaviour. 

 Comparisons to other models - outputs of the model are compared to those of similar 

models that have been validated or analytical models of the same system. 

The techniques mentioned in the previous page and many more that are used in industry 

make sure that when decision makers use simulations they base their appointment for certain 

projects/decisions on valid models. Though they provide a lot of benefits one should however 

put into mind what (Kleijjnen, 1995)said about this techniques being applied haphazardly 

since certain techniques may not apply to some models ,and in other models more application 

of one or two techniques would being sufficient. 

2.2.8. Analysis and utilisation 

 

For a model to give results that are correct or more representative of the real life system. One 

would have to input data that is correct because as it is in computer programming garbage in 

equals‟ garbage out (GIGO) which means even the results that we will get will not be 

representative of the system. The two subheadings will discuss how one could input 

information more accurately and how output could be checked for relevance according to 

(Altiok & Melamed, 2002). 

Input Analysis 

Input analysis can be divided to stages that relate to the modelling process which will be 

mentioned below: 

Stage 1.Data Collection- the model analyst should make sure that the data they collect is 

correct and relevant by exercising caution and patience throughout their collection process. 
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The data collected should also be of a sample size large enough to be representative of the 

real model. 

Stage 2.Data analysis- after enough information has been collected then the analyst should 

makes computation of statistics related to moments (mean, standard deviation), distributions 

and temporal dependence (auto relations, cross relations). 

Stage 3.Time series data modelling-the data that is collected is fitted to empirical time 

series where the time is paired with corresponding observations for what was observed in 

data collection. They could be modelled as Poisson or Markovian processes. 

Output Analysis 

Output analysis looks at analysis of simulations outputs statistics/results and the following are 

looked at: 

Replication design-a good design of a simulation allows the analyst to run the model and 

obtain statistical information at the least computational cost, thus if you construct a model 

and it runs for very long periods of time one would have to be more alert and check their 

models inputs and build to see if the is no need for debugging. 

Estimation of performance- when replication statistics can be used to compute point 

estimates and confidence intervals for system parameters then the models outputs could be 

taken as valid for that systems operation. 

System analysis and experimentation-statistical outputs are used to understand system 

behaviour and performance prediction under varying input parameters and operations. 
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2.3. Cost benefit Analysis 

2.3.1. Introduction 

 

Cost benefit analysis is a practical way of assessing the desirability of projects, where it is 

important to take a long view (in the sense of looking at immediate and future repercussions) 

and a wide view (in the sense of allowing for side effects of many kinds on many persons, 

industries, regions, etc.)(Prest & Turvey, 1965) 

2.3.2. Steps in cost benefit study 

 

Cost benefit analysis could be said to be a daily activity that we all participate in when 

making decisions. Principles that one should consider initially when doing a cost benefit 

study according to (Prest & Turvey, 1965)are the following: 

 Which costs and which benefits are to be included? 

 How are they to be valued? 

 At what interest rate are they to be discounted 

 What are the relevant constraints? 

 For formal projects however the following techniques could be used so that a clear rational 

solution can be reached: 

 Identify alternatives 

 Define alternatives  in a way that a just assessment can be made 

 Give monetary values for resources that are not usually valued in monetary terms 

 Find way of coping with uncertainty in the data and summing of complex costs and 

benefits to guide decision making. 
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Chapter 3 

Conceptual Design 
 

DANONE Boksburg plant has five process areas but for the scope of this project the focus 

will be on one of these areas. The project will focus on the process area known as Battery B 

and all the areas that are affecting or are affected by the running of Battery B. The data for 

this project was collected over a period of two months and it was collected in the following 

way: 

 Several site visits in order to be familiarised with the plant. 

 Interviewing domain experts (process operators and automation expert) for 

knowledge of the process 

 Review of literature relating to the different process areas. 

3.1. Battery B 

3.1.1. Process Map 

 

Battery B is the process area responsible for stirred yoghurt production, and thus the 

production process followed is the same as the one described in process description in the 

first chapter of this report. Mixing of the products is done in the area known as 

Standardisation where there are five mixing tanks. Skim milk, full cream milk and cream are 

drawn into production from Milk pre-treatment process area, and the dry ingredients mixer 

used is named Mixer. The pasteuriser that Battery B uses has a flow rate of twenty five litres 

per hour and heats up the product to a temperature of fifteen degree Celsius. There is also one 

homogeniser and unit where culture is added in use at this process area. This process area has 

ten tanks in its new layout which can be used either for incubation or cold storage of the 

product depending on the availability of the tanks. In the old layout known as old bulk the are 

two incubation tanks and four cold storage tanks. This area has its own cooler. The old bulk 

area is used as a buffer area for when all the tanks in the new layout are full. A process map 

showing the production sequence of stirred yoghurt in Battery B is illustrated in Figure 5. 
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3.1.2. Control and automation 

 

Battery B is controlled by well trained operators who have knowledge in the fields of dairy 

production,food technology and microbiology.These operators interact with programmable 

logic controllers (PLC)‟s human machine interface(HMI)/graphic user interface. Some of the 

interfaces for Battery B are shown in Appendix A with the flow of product clearly outlined. 

3.1.2.1. Mixing 

 

Mixing has a separate area on the PLC and the interface screen is called Standardisation 

screen since different yoghurts bases are mixed there. When mixing is about to be started in 

the mixing area the recipe for stirred yogurt that is already in the PLC has to be checked so as 

to make sure that there are no changes have been made which need to compensated for in 

Figure 7 Battery B process flow map 
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some way during production. Then the parameters that determine how much water needs to 

be read by the flow meter during priming  and flushing also needs to be checked .The Mixers 

availability is determined by the mixing staffs availability since the dry ingredients need man 

power for the ingredients to be loaded into the Mixer. 

 

3.1.2.2. Pasteurisation 

 

When the mixing process is completed and there is a lab release the operator can start 

pasteurising the product and the amount of water that is supposed to be read by the flow 

meter during priming is to be monitored in the parameters of the user interface. Since 

pasteurisation, homogenisation and adding of culture happens one after the other, the 

program primes all the lines from mixing to pasteuriser, homogeniser and MIF at once and 

the same occurs during flushing. The area where all these occurs is named Area 51 on the 

user interface. 

3.1.2.3. Incubation and Cooling 

 

The incubation /cold storage tanks are in an area known to the operator as Area 62 .The 

product that has culture in it is put in a tank initially that has temperature risen to insure 

activity of the culture. The operator checks the PH of the product after eight hours and if it is 

ok then they stop the incubation .The tank that is going to be used for cooling and the lines 

leading to it from the incubation tank are cooled. This cooling process is known as tempering 

uses very cold water. The product is then moved from incubation tanks through a cooler to 

the cold storage tank where it stays until it is needed in the packaging area 

For this project the process stages where the product is pasteurised till when the culture is 

added will be referred as pasteurisation. This will be done to simplify model since the 

running of this part of the process is very quick and the product in litres stays at each of the 

parts for few seconds and all that could be obtained from the data obtained was the overall 

flow rate for the three which is 25 000 litres/hour. 

3.2. Cleaning in Place (CIP) 
 

The dairy industry is involved with production of highly sensitive raw materials like milk 

which spoiled easily when contaminated by yeast, mould and bacteria. To ensure good 

quality of the products the lines, silos and tanks used are cleaned by an automated process 

known as CIP. The process  of CIP usually differs depending on  the kind of dirt being 

cleaned .When the dirt has fat then caustic products are used and if there are proteins 

involved ,chlorine is included in the wash cycle. Since milk has fat and has protein an 

alkaline/caustic wash cycle is followed with an acid post rinse which leaves the surfaces of 

the tanks and silos with a PH of 4.5 to 5.For the CIP that cleans a large part of the factory 
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Saturdays are used as downtime days in production since the usually is no mixing but only 

packaging. 
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Chapter 4 

Findings and input Analysis 
Simulation models are so data dependent such that the information collected has to be 

accurate so as to actually create reliable outputs which resemble the real system. When 

working with a lot of variable information it is always good practice to analyse it so that the 

model can end up using what is only relevant to the problem. In this chapter a lot of 

information will be presented in tables and the relevance of this data to the problem will then 

be explained further by the IDEF models of business engineering towards the end of the 

chapter. 

4.1. Facility information 

Since the model is to be as realistic as possible then one should consider the capacity 

limitations of all the equipment that is used in the production of stirred yoghurt in Battery B. 

The data provided in table is a representation of the constraints/limitation for equipment used 

in the production process. 

Table 1 Machine capacities and capabilities 

 

4.2. Time study 

Data obtained by doing time studies on the four stages of the production process will be used 

as inputs in the simulation model. The studies times based on the standardised production 

times for each process and the amount observed as deviation from the standard times. 
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Table 2 Processing times 

  Operation run time(hours) 
CIP 

time(hours) 

Average 
downtime due to 

equipment 
failure(hours) 

Mixing  2 1.5 0.383333333 

Pasteuriser 1.16 1.5 0.75 

Incubation tanks 8 1.5 0.4 

Incubation tanks old 
bulk  8 1.5 0.083333333 

Cooler 1.61 1.5 0.316666667 

Cold storage old bulk normal(2.020833,1.330896) 1.5 0.066666667 

Cold storage  normal(2.020833,1.330896) 1.5 0.083333333 

4.4. Scheduled utilisation 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3Tank utilisation per day for the mount of August 
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4.4.1. Mixing 

 

The number of times the mixer is used per day is shown in the Table 3in previous page where 

the total of the number of tanks used each day is equal to the number of times the mixer was 

used. Also in that same table we see the number of times that each tank in the standardisation 

mixing area has been used in a day. 

4.4.2. Pasteurisation 

 

Since the mixing area is only started when there is availability of tanks the amount of times 

that the pasteuriser is utilised is also dependent on the number of batches mixed/the number 

of tanks used. Allowance for the time taken when mixing dry ingredients and when mixing in 

the standardisation area differentiates the utilisation of the pasteuriser to that of the mixing 

area considered. 

4.4.3. Cooling and Incubation 

 

In the current system the amount of times that each of the incubation tanks /storage tanks 

used is dependent on the number availability of each at a certain time in a day. Firstly the 

tanks for incubation in the new plant layout have to be filled before old bulk tanks can be 

used. When old bulk tanks are used the cooler used is different and smaller thus the amount 

of product that can go through is less than that in the new layout. The incubation tanks in old 

bulk are only used for incubation and only two of them are available. 
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4.4. Line priming losses 

 

The Figure 9 above shows a method followed to collect data on the amount of product that 

goes to the drain. The amount primed can only be known for points where the is an open 

drain where one can take samples. The amount of product that is collected at the drains is 

used to calculate the amount of litres that are wasted. This is done by measuring firstly the 

time that a sample is taken and then using that time with the flow rate for the area where the 

sample is being taken, to calculate the amount of litres that could possibly have gone to the 

drain. The equation used to do these calculations is given below: 

Flow Rate=Litres /hour 

Since the lines flush quickly and the time is usually in seconds then, the equation changes to 

the following one: 

Flow Rate =Litres/ (3600/seconds) 

And since we have the flow rate and the number of seconds at which each sample was taken 

the equation used becomes this one: 

Figure 8 Methods for collecting data on priming losses 
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Litres of product going to the drain =Flow rate*seconds/3600 

After the amount of litres that could possibly be going to the drain has been calculated then 

the amount which is in litres is converted into density by using the Product densities in Table 

3 in the following equation: 

Density =Kilograms/Litres 

Therefore the amount of Kilograms of product that goes to the drain: 

=Litres of product *density 

Table 4 Product Densities 

Product  Density (kg/litres) 

Mix Low Fat Yoghurt Base Bulk 1.07589  

Mix Smooth Yoghurt Bulk 1.06613  

Mix Activia White Mass 1.07282  

Mix NutridaySnax SB 1.07579  

Mix NutridaySnax Mix Fr 1.07579  
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Table 5 shows the average amount of product being lost at each of the mentioned areas in 

Battery B currently and the estimated amount of product that will be lost if the factory is 

operating 365 days and the area is handling up to ten batches each day each of around 28000 

kilograms/around 29000 litres depending on the density of the product. 

With the amount of product that is lost at each of the areas of production known the 

percentage amount of product that is lost at each point every time a batch is produced will be 

can be calculated. Firstly when calculating this values the amount of water that needs to be 

read by the flow meter for the valves to open to a destined area where looked at for each area 

of production and the values are shown in the program‟s screen shots in Appendix A.  

What is to be noted is that for all the  processes the values where set with consideration to the 

maximum capacity capability for each area in mind but the same amount also applies to 

batches which are smaller than the maximum capacity since the parameters do not adjust 

Table 5 Production losses for Battery B 
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themselves each time production starts. For each of the areas the percentage amount of 

product that went to the drain is given below in Table 4.The table below shows the amount of 

product lost at each stage as a percentage of the total amount of product that is processed. at 

each of the steps was decreased from the starting batch quantity of 29000 litres by the step 

average product loss value  . 

Table 6 Percentage product losses per area 

Step Percentage of lost product lost per batch 

Priming  mixing loop from mixer to tank 1 0.106551724 

Priming  mixing loop from mixer to tank 2 0.14137931 

Priming  mixing loop from mixer to tank 3 0.14137931 

Priming  mixing loop from mixer to tank 4 0.117241379 

Priming  mixing loop from mixer to tank 5 0.079310345 

Priming supply line 25 k pasteuriser  0.0655941 

Priming cooler B 0.505430795 

 

4.4. Effluent 

The amount of water that goes into the municipality lines from DANONE to the Ekurhuleni 

municipal treatment is influenced by the amount of product that goes to the drains. To 

calculate the amount of money that the DANONE has to pay the Ekurhuleni municipality the 

tariffs applicable to all factories that are operating in these municipality where looked at.  

When calculating the amount of chemical oxygen demand (COD) in the water influences 

highly on the costs so to get an good approximation of the amount of money that is paid by 

the plant due to priming losses the was a need to know how to calculate the amount of COD 

of the product at each of the production stages. The amount of COD is calculated looking at 

the products butterfat, protein and lactose content. To get how each of the products 

contributes the following should be known about COD of milk products: 

1 kilogram of milk fat (butterfat) =3 kilogram COD 

1 kg protein = 1.36 kg COD 

Butterfat = 2.2 g per litre  

Protein = 2.7 g per litre 

Since the amount of COD is what DANONE is usually interested in and the data that was 

obtained is only data that is related to COD of the factory for the last few months we will 

leave the other effluent constitutes .The following formula will be used to estimate charges 

that DANONE might have to pay. 

 = C/12 X  X (0.75 +(0.26 X ) 
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Where according to Ekurhuleni Metropolitan Municipality schedule 4 for sewerage disposal 

services and incidental charges the symbols in the equation are said to represent the 

following: 

 
Ti = Charges due per month for the treatment and conveyance of industrial effluent.  

C = R 470 000 000 

Qi = sewage flow (as defined in the Council‟s Waste Water by-laws) originating from the 

relevant premises in kilolitres per day determined for the relevant month  

Qt = five year average of total sewage inflow (as defined in the Council‟s Waste Water By-

laws) to the Council‟s sewage disposal system in kilolitre per day;  

CODi = average chemical oxygen demand of the sample originating from the relevant 

premises in milligrams per litre determined for the relevant month;  

CODt = five year annual average chemical oxygen demand of the sewage in the total inflow 

to the C;  

0.75= portion of the fixed cost of treatment and conveyance 

0.26= portion of the costs directly related to the removal of chemical oxygen demand;  

4.5. IDEF0 

 

 

Figure 9 IDEF0 model 
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The diagram in the previous page clearly depicts the system as it is now and all the inputs 

necessary for model building. 
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Chapter 5 

Computer Model 
 

The current situation is modelled using the simulation software ARENA10.0.The utilises the 

resource specified amounts at each stage and it follows the production process explained in 

the previous chapters. 

5.1. Model Verification 

 

The simulation model was built at smaller scales where each stage in production was 

simulated alone and then assembled with other smaller models to make the overall system. 

Since each of the stages was simulated alone, the model was verified more easy as it is more 

easy to see if the simulation model is a true representation of the current model when its only 

one stage of the production process.  

5.2. Model Translation 

 

The model has a flowchart approach where the flow is concurrent to the process flow 

discussed in the process description and mapped in IDEF0 diagram.. To make sure that all the 

resources where utilised sets of resources where used were the selection of a resource from a 

group that does the same work only depends on its availability. All the stages are simulated 

independently and thus the model build will be discussed per stage.  

 

5.2.1. Mixing 

 

In this stage of the simulation the entity that moves through the process is created and the 

mixing process is explained. To simplify the models process an assumption was made with 

relation to the real models operations. The assumption made in the simulation is that for each 

batch mixed w do not have to have the arrival time for the milk products since the amount of 

time between mixing in the dry ingredients Mixer is known and the mixer only starts 

operating when the is milk in the tank. This also means that the milk can be drawn to the tank 

at any time when it is not being used and is waiting for the next batch to be mixed. Figure  

1. The entity Product batch is created and the arrival times of the batches at the Mixer. 

2. The dry ingredients are mixed in a process where a resource is used. The resource is 

given the name of Mixer. 

3. After the mixing of dry ingredients the batch module was used to represent where 

milk would be combining with the dry ingredients. 
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4. The amount of product lost when priming the lines towards the mixing tanks is 

determined using the decision module. The data put in is based on the amount of 

product that was calculated from the sampling method explained in Chapter 4.Since 

the amounts lost at each of the tanks priming is around the same value, a singular 

value was used for all the tanks. 

5. A process module is used to show Mixing in the standardisation area and a set of 

mixing tanks is used. The resources in the set where put as each individual tank. 

6. The mixed product is then routed to the pasteurisation station 

7. The amount of product that is lost to the drain is recorded and the disposed to the 

drain 

5.2.2. Pasteurisation 

 

The pasteurisation phase has both the homogeniser and the unit where culture is added as part 

of it in this stage. Figure 11 shows the simulation model. The stage will be described below. 

1. The product arrives at the pasteurisation station. 

2. The lines to the pasteuriser are primed and a decision module is used to show the activity 

of priming. 

4. The amount lost is recorded in pasteuriser drain. 

5. The amount of product lost in priming is disposed. 

6. The resource pasteuriser is utilised in the process of pasteurisation. 

7. In homogenisation and Adding culture processes the resources Homogeniser and MIF 

respectively in their individual processes. 

8. A decision module is used to show the amount of times that the process utilises incubation 

tanks, cooler and cold storage tanks of either the new layout of the old bulk 

9. Routes to either old bulk or new layout are taken. 
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Figure 10 Simulation model for mixing area 
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Figure 11 Simulation model for the pasteurisation stage 
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5.2.3. Incubation and Cooling 

 

 The incubation and cooling are determined at the end of pasteurisation depending on the 

availability of the tanks in the new layout that can be used as either incubation tanks or cold 

storage tanks. Since the decision to go to either was determined on the basis of the amount of 

times each has been observed to have been in use the discussion will now branch into old 

bulk and new layout. Figure 12 shows the model. 

New layout 

1. The product arrives at the incubation station  

2. Then the process incubation occurs and the products are incubated by a set of resources 

known as incubation tanks. 

3. Cooling of the lines and recipient tank occurs and also the Cooler is used to cool the 

product 

4. Product is sent to cold storage where it cools further for. 

5. The amount of product sent to packaging is recorded. 

Old bulk 

The process for old bulk is the same as the one described the only difference is the number of 

resources available for each of the processes. 
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Figure 12Simulation model for Cooling and incubation for new layout and Old bulk 
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5.3. Model Verification and Validation 

 

After having run the model for a month the following data was found about the number of 

batches that leave the system to packaging  and this values are decreased by the number of 

batches that go to the drain. 

Since only the total amount produced for each month could be found as a total for the whole 

of Battery B as shown in the Table below we will only compare the total amount of batches. 

Looking at Table 7 we will calculate the total amount of batches by dividing the total amount 

produced per month by the quantity of a single since these values are in litres. Thus the 

values found will the number of batches values in the table 

 

The amount of products that leave the system are shown below 

 

 

Figure 13The number of batches released by the simulation model 

 

 

 

January February March April May June July August

Mix Low Fat Yoghurt Base Bulk 1,071,334                        1,161,524                        1,407,836                        1,095,443                        955,247                           1,076,447                        1,252,367                        1,350,888                        

Mix Smooth Yoghurt Bulk 2,320,864                        2,704,430                        4,309,151                        2,821,751                        2,745,433                        2,966,523                        2,833,992                        3,272,224                        

Mix Activia White Mass 169,706                           53,790                             62,926                             76,273                             76,667                             46,036                             165,398                           70,030                             

Mix Nutriday Snax SB 750,750                           34,830                             62,333                             83,534                             103,563                           71,207                             191,187                           239,025                           

Mix Nutriday Snax Mix Fr 525,006                           14,506                             146,724                           156,378                           141,033                           142,947                           728,171                           877,162                           

Total amount produced per month 4,837,660                    3,969,080                    5,988,970                    4,233,379                    4,021,943                    4,303,160                    5,171,115                    5,809,329                    

Number of batches 166.82                           136.86                           206.52                           145.98                           138.69                           148.38                           178.31                           200.32                           

Table 7 Number of batches per month 
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The resource utilisation when the model is run for a month is shown below 

 

Figure 14 Resource utilisation 

 

5.4. Priming losses 

 

To calculate the amount of product lost at each of the drains the simulation was run for longer 

period .This is done so that batches can be seen at the drain since the percentage lost is low in 

such a way that the impact of priming will not be seen in the monthly run but it would be felt 

in the end of the year. 

The number of batches lost in a year is shown in the Figure 16 
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Figure 15 Amount lost to drains 

Since in total 18 batches are lost per year the total amount they paid is calculated below 

Amount in Kilograms=18 X 29000= 522000 

Amount of COD =Amount of protein content + Amount Butterfat content 

  =34452+193048.78 

  =227500.78 
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Chapter 6 

Recommendations 
 

For the alternative model t the cold storage tanks in the old bulk area could be used as cooling 

tanks and all the tanks in the new layout could be used for incubation and the two tanks used 

for incubation in old bulk could be used for incubation. Having fewer tanks for cooling does 

not affect largely on the production since the product is allowed to stay in cold storage for 

only 4 hours. For times when there is a need for more tanks in cold storage the tanks from the 

new layout will act as buffers. 

For the amount product going to the drain to be reduced the parameters could be adjusted so 

that the amount that is read by the flow meter is reduced seasonally to accommodate smaller 

batches which are produced during months where demand is low. To get the right parameter 

adjustments the amount of products that are known to be produced in the different months 

will be used to calculate the right amount of litres which will be produced for different 

seasons .After the quantities are established then the parameters which are currently set for 

29000 litre batch will be lowered so that the smaller batches do not lose a large amount to the 

drain. 

Conclusion 
 

The amount that DANONE stands to salvage from its drain will not only save them money but it will 

also reduce the strain that is currently on them when it comes to losing so many batches each year. 
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Appendix A 

 

 

Figure 16 Program for mixing area 



44 
 

 

Figure 17Pasterisation area 
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Figure 18PlCscreeen for pasteriser parameters 

 

 

Figure 19 PLC parameters for cooling 
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