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Management Summary

To stay ahead of the competition on the competitive beer market, Heineken needs to increase
efficiency continuously. Mainly, this means producing more in the same time, preferably with fewer
resources than currently, to save costs and remain competitive in industry. One of the packaging
lines for which this holds is line 51 of the Heineken brewery in Zoeterwoude, which fills and packages
bottles of the Heineken brand for the USA market. The current performance of this line is below the
target stated by management, and therefore improvements are necessary. Therefore, the objective
of this research is to determine how the operational performance of packaging line 51 can be
improved. As safety and quality are really important, the research is bounded by some constraints.
This leads to the research question:

How can the performance of packaging line 51 of the Heineken Brewery in Zoeterwoude be
improved, while taking into account the quality and safety regulations?

First the current performance is analysed, as the performance is below the target, which is
mainly caused by lower output than expected, due to blocking and starvation of the machines in the
process. The filling machines are the bottleneck, and over the first part of 2014 we see that the fillers
are quite some time of the available production time not working due to breakdowns, blocking and
starvation of the machines. To increase output and avoid as many disruptions as possible, a
continuous flow should be created in the process. This flow is related to the availability and speed of
machines in the process.

In the main part of the process, the speed of the machine is determined by the fill rate of the
buffer in front of the machine. If the buffer is almost empty, the machine works on low speed, while
the machine works on high speed when the buffer is (almost) full. To ensure a continuous flow on
the line, which increases the output and therefore efficiency, it is important to determine right buffer
strategy for the packaging line. The buffer strategy contains the settings for the different machines
speeds (low, nominal, and high) and the fill rates at which the speed changes (buffer strategy).

To determine the buffer strategy for packaging line 51 a simulation model is developed and
validated with current data, and using expert-knowledge from the process. The model is used to run
experiments, which represent different scenarios. In the model, the packaging process is represented
from the filling machines until the box packers. Five experimental factors are used:

* Fill rate at which the labellers change to nominal speed

e Fill rate at which the labellers change to high speed

e  Fill rate at which the box packers change to nominal speed
e Fill rate at which the box packers change to high speed

e High speed of the box packer 511
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First of all, 16 experiments are conducted which use different combinations of the settings for
the fill rates at which machine speeds are changed (first 4 experimental factors). From these
experiments we conclude:

e The moment of speed change for the labellers should be kept the same.
® The moment of speed change for the box packers should be changed, change to nominal
and high speed at a lower fill rate than in the current settings.

* |mplementing these changes reduces blocking time of the filling machines leading to
annual savings.

The experiments where the high speed of box packer 511 is increased (experimental factor 5) are
only conducted with the best scenarios from the first round of experiments. From these experiments
we can conclude:

e Additional annual savings can be realized by increasing the speed of the box packer, not
taking into account the effect the repair works have on the number of breakdowns.

e Buffer strategies should be adapted to the new speed for the labellers and box packers.

* Implementing these changes leads to an output increase of 1% per shift.

From the research, recommendations have been formulated. The main recommendations are:

* The advised buffer strategies should be implemented to increase the continuous flow on
the packaging line.

e Repair works on the box packer 511 are beneficial for the process and should therefore
be executed to increase the maximum speed.

e  Optimizing buffer strategies on packaging lines have high benefits, and therefore more
people should be educated in the process of changing the settings, so capacity is not
impeding the implementation.

e Data registration should be improved, so reliable process data is available and the
simulation model can be adopted and used for further research.
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1. Introduction

This chapter gives an overview of the research. Section 1.1 describes the research context by
giving an introduction to the company and to the specific department in which the research is
conducted. In the remainder of the chapter the research outline is given. This starts with the
research motivation in Section 1.2, followed by the problem description (Section 1.3). In Section 1.4
the research objective is defined, after which the scope and approach of the research are described
in Sections 1.5 and 1.6.

1.1. Context description

This section starts with a general introduction to Heineken, with a special focus on the location in
Zoeterwoude. After the general introduction, the focus turns to the packaging department of the
brewery in Zoeterwoude, where the research is conducted.

1.1.1. Introduction Heineken

Heineken is one of the leading companies in the brewery industry worldwide. They have an
annual turnover of more than 18 billion euro and employ 76,191 people of which 4,053 FTE’s are
working in the Netherlands.

The rich history of Heineken dates back from 1864, the year the brewery was founded in
Amsterdam. In 1928 Heineken started to become a truly international player, starting with export to
Asia in 1929 and to the United States in 1933. In the past 15 years numerous mergers and
acquisitions changed the brewery landscape significantly, resulting in an increase in market share for
the 4 main global players from 22% in 2000 to 41% in 2012.The most recent major acquisition was in
2012, when Heineken acquired Asian Pacific Breweries. Today, Heineken has 165 breweries
worldwide, serving customers in no less than 178 countries. Besides Heineken, the world’s leading
brand in the International Premium Segment IPS, the company offers an extensive range of products
comprising approximately 250 brands, including various beers, cider and other beverages.

Since almost a century ago, Heineken is exporting beer and this created a solid foundation to
become a strong international brand. In addition, Heineken has many global marketing campaigns
that maintain its global and premium image and to outperform its competitors. This is why Heineken
is by far the company with the highest export volume throughout the world, accounting for 29.1
million hectolitre.

More than 10 million hectolitres of beer is brewed within the Netherlands to be transported all
over the globe. In total, this is about 7% of the Heineken beer volume worldwide. The beer is brewed
and packed in three breweries (located in Zoeterwoude, Den Bosch and Wijlre) belonging to
Heineken Netherlands Supply (HNS), and then transported to the customer by different means of
transport. The breweries produce the Heineken brands in all kinds of packaging types and for all
kinds of markets. Heineken Nederland Supply exports to more than 150 countries worldwide.

The brewery in Zoeterwoude is one of the largest beer breweries of Europe and is designed for
producing large quantities of beer. The process of beer production can be split in two main parts:
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brewing and packaging. This research is conducted on the packaging department, which is
introduced in the next section.

1.1.2. Introduction packaging department brewery Zoeterwoude

The packaging department of the brewery in Zoeterwoude consists of nine packaging lines, of
which some are split up in several sub-lines. The lines are divided based on the type of packaging
used and the destination of the products. An overview of the lines can be seen in Table 1. Each of
these lines can both fill and package specific types of beer in specified packages. The nine packaging
lines are divided over five rayons, which have a rayon manager as responsible. An overview of the
organizational structure can be found in Figure 1. As this research will be conducted at Rayon 3, the
organizational structure is split up in more detail for this rayon. At Rayon 3, production runs five days
a week, 24 hours a day, and therefore three teams of operators are working on the packaging line.

Rayon Line Packaging Destination

number

1 Returnable bottles Local
9 50L kegs Local
2 (21,22) One way bottles Export
3 One way bottles Export
5(51,52) One way bottles Export
6 Cans Export
4(41,42) 4L kegs Local/Export
7 One way bottles Export
8(81,82) One way bottles Export

Table 1: Overview of the packaging lines Heineken brewery Zoeterwoude

Regional Management:
Heineken Netherlands

Supply (HNS)
]
r T 1
Brewery Wijlre Brewe
v Wi Y Brewery Den Bosch
(Brand) Zoeterwoude
| I I I -
Brewing Packaging Technical Quality N L IT department
department department department department GRS (PAPI)
and health
[ I I I I I ]
Manager Manager Manager Manager Manager Quality
Rayon 1 Rayon 2 Rayon 3 Rayon 4 Rayon 5 control UAEE

Team A Team B Team C

Figure 1: Organizational Structure Heineken Netherlands
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Rayon 3 produces one way bottles for the export market. The line is divided into two sub-lines,
which both have two filling machines.

1.2. Research motivation

The beer market is a competitive market, with a few big global players. As one of these big global
players, HNS needs to continuously realize efficiency improvements to reduce costs and stay ahead
of the competition. Therefore, the production process has to be improved, as more products need to
be produced, preferably with fewer resources, in less time, and with lower costs.

Within Heineken, the Overall Performance Indicator (OPl) is one of the key performance
indicators (KPI) used. This OPI is determined as a product of availability, performance, and quality
(see Appendix A) like the overall equipment effectiveness (OEE) in Total Productive Maintenance
(TPM) Invalid source specified.. Every shift the OPI is measured and determined. Currently, the OPI
of packaging line 51 is below the target for 2014 as stated by the head office, while this is one of the
brewery’s priorities for 2014 (see Appendix B). To fulfil the demand from the market while keeping
the costs as low as possible, efficient use of the available production hours is important for Heineken.
Therefore, the OPI on packaging line 51 needs to be increased.

1.3. Problem description

Globally, Heineken is measuring the efficiency of the packaging lines using OPI. This is done
based on the filling machines, which are seen as main machines and are the bottleneck in the
process. The filling machines are the bottleneck machine to ensure the quality of the product. To
ensure a high product quality, the filling machines should work as continuously as possible.
Therefore, a packaging line is designed with the filling machine as machine with the lowest technical
capacity.

For packaging line 51 of the Heineken brewery in Zoeterwoude, the availability and performance
aspect of the OPI show room for improvement. As Heineken is operating in the food- and beverages
industry, quality always has been focused on. Therefore, the current performance on the quality
aspect of the OPI is on target. To reach the OPI target set by the head office, the availability and
performance aspects need to be improved. Availability of the machines is related to breakdowns,
which is a stop longer than 5 minutes as a result of mechanical, electrical/instrumentation failure on
components, subassemblies or packaging line machinery and control systems (Heineken, 2011). The
performance is determined by minor stops and speed losses, but also includes blocking and
starvation of the machine (See Appendix A).

Both speed losses and blocking and starvation can be related to the availability and speed of
machines. The speed of the machines on packaging line 51 is changed quite often by the operators
on the line. These speed changes have a big influence on the efficiency of the line. Not only does
changing the speed of one machine influence the speed of other machines, but this results in a non-
continuous flow. Therefore, the machines often have start and stop moments, which can damage the
machines and leads to more disruptions. Therefore, it is important to determine on which speed the
machines should normally be working, to create a continuous flow on packaging line 51. This
increases the performance-aspect of the OPI and the output of the packaging line.
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Efficient use of the available production hours is important for Heineken to fulfil the demand
from the market. Therefore, both the time and frequency of breakdowns, minor stops, speed losses,
blocking, and starvation should be reduced.

1.4. Research objective

Based on the problem description in Section 1.3, we can define the objective of this research:

The objective of this research is to determine how the operational performance of packaging
line 51 can be improved.

To reach this research objective we need to determine the right speeds for the machines on
production line 51 of Heineken to assure a continuous flow on the line. This speed is dependent on
different factors, which have to be identified. Probably these are the buffer size, speeds of
previous/next machines, chance of disruptions in the process, and the mean time to repair. Taking all
necessary factors into account, the best machine speeds for packaging line 51 at the Heineken
brewery in Zoeterwoude are determined.

Also, we look how continuous flow can be secured in case of disruptions. Several sensors are
placed on the buffers of the line, which determine the fill level of the buffers. Based on these fill
rates, machine speeds can be automatically adjusted to secure the continuous flow. Currently, the
settings for these flow regulations are not optimal, as a lot of stop/start moments can be seen in the
overview of actual machine speeds. Therefore, it is important to identify at which fill level of the
buffers the machines should speed up or slow down.

1.5. Scope of the research

The research focuses on packaging line 51 of the Heineken brewery in Zoeterwoude, this choice
is made by the company. Only the packaging process will be analysed, which starts with empty glass
bottles entering the production floor, and ends when the pallets are ready to be transported to
customers. This is the part which belongs to the filling/packaging department, while the brewing of
the beer and the logistics of raw material and complete order handling are the responsibility of other
departments. After completion of the research for line 51, we will also determine to which extend
the results can be generalized to other packaging lines in the brewery in Zoeterwoude.

The research takes the current level of breakdowns as given, as this is the wish of Heineken. They
want to improve the continuous flow with the current failure rate. Also, technical improvements are
not in line with the study background in which this research is conducted. This means that we take
the current level of failures and breakdowns as a restriction, and not focus on this reduction.

Also, the research is bounded by two constraints stated by Heineken. First of all, as Heineken is
operating in the food- and beverages industry, strict laws and regulations consist related to quality of
the products. Also, Heineken is well-known for its high product quality and this is one of the main
points in the vision of Heineken. Therefore, some machines and conveyer belts are bounded in speed
or capacity.
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The second constraint is related to safety. The working environment has to be safe for the
operators, and this bounds the possibilities. Heineken follows a zero accident policy, and therefore
the safety levels of operations cannot be decreased.

1.6. Research approach

The research objective and the problem description, given in previous sections, lead to the
following central research question:

How can the performance of packaging line 51 of the Heineken Brewery in Zoeterwoude be
improved, while taking into account the quality and safety regulations?

To answer this research question, we divide the central question into several sub-questions. The
answers of these sub-questions lead to a solution for the current problem as described in Section 1.3.
In the description beneath the sub-questions the research method is briefly described.

The first step to answer the central research question is to understand the current process and
the way Heineken measures performance on the packaging line. Therefore, Chapter 2 answers the
question:

How is packaging line 51 currently performing?

This question is answered using information supplied by Heineken, its employees, and its information
systems. Also, information is gathered by walking around on the production floor and gathering
information from machines and operators. Chapter 2 discusses both the outline of the packaging line
and the current performance as evaluated by Heineken.

Knowing the current performance, we need to determine which factors are important to create a
continuous flow on the packaging line. Also, we need to evaluate how these factors can be modelled
to analyse their influence on the continuous flow in the process. Therefore, we answer the question:

Which factors influence the continuous flow on a production line according to the literature, and
how can this be modelled to analyse the influence of these factors?

These factors and the possible modelling methods are discussed in Chapter 3. Based on the

advantages and disadvantages of different modelling methods found in the literature, we develop a
model in the first part of Chapter 4.
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After the improvement areas for packaging line 51 are identified and a model is developed, we
come up with changes necessary to increase the current performance and create a continuous flow
on the packaging line. After identification of the possible improvements, a choice has to be made
between the proposed changes. To make the right decision, evaluation of the influence on the
organization and the impact on the process performance is necessary. The question answered in the
second part of Chapter 4 is:

Which changes are most beneficial to increase the performance on packaging line 51?
After identifying the influence of the changes, we can answer the main research question and

recommend the changes with the highest potential to Heineken. The conclusion and
recommendations can be found in Chapter 5.
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2. Packaging Line 51

In this chapter, an overview of the process on packaging line 51 is given. We describe the
packaging process in Section 2.1, after which the methods used on the packaging line, for
measurement and system changes, are described in Section 2.2. Section 2.3 deals with the
organization of the packaging line. The description is followed by an analysis of the current
performance of the line and individual machines in Section 2.4.

2.1. Packaging process

Packaging line 51 in Zoeterwoude is a one-way bottle line. This means that the bottles used are
new, directly from the manufacturer and will not return in the process after use. On line 51, only one
type of bottles is used, named the 355K2. This means that the content of the bottles is 355 ml. There
are several packaging options: carton boxes with six-packs, with interior partition, and trays.
Independent of which packaging option is used in production, all the products are meant for export
and will not appear on the domestic (Dutch) market. Mainly, this line produces for the USA market.

This section describes the process on line 51. The process description is divided into two parts:
machinery (Section 2.1.1) and conveyers/buffers (Section 2.1.2).

2.1.1. Machinery

This paragraph gives a short process description of these main machines. Figure 2 shows the
process of packaging line 51. The machines at the upper line of this figure are together named the
‘wet area’. The bottom line of the figure shows the machines in the ‘dry area’. The carton infeed also
belongs to the dry area. Appendix C gives a layout overview of packaging line 51. Appendix D gives a
detailed process description and indicates the main machines.

The packaging process starts with beer entering through pipes from the brewing process and
pallets with new glass bottles entering from trucks. Then the protective foil is removed from the
pallets by the defoil machine, after which the bottles are removed from the pallets by the
depalletiser. The depalletiser puts every layer of bottles separately on the conveyer belt, leading to
the rinsing/filling machines. Here the bottles are first rinsed with water, filled with beer, and then the
bottles are closed with a crown cork. Next, they are transported to the pasteuriser, which heats the
filled bottles to pasteurize the beer and increases the shelf life of the product. From there, the
bottles continue to the labelling machine, after which they are ready for packaging.

On line 51, there are two ways of packaging. The first one is in carton boxes; the second one is to
put the bottles on trays using the multipacker. As the multipacker is currently not used, we will only
describe the packaging in carton boxes and the multipacker will be outside of the scope of the
research.

The packaging machine has a second infeed, next to the filled bottles, which consists of the
empty boxes. The boxes are set up by a machine. Dependent on the current way of packaging, the
box is either filled with an interior, a carton dividing the box into 24 compartments (each for one
bottle), or four six-pack cartons (each for six bottles), which are set up by a separate machine. Having
both boxes and bottles ready, the packaging machine fills the boxes, and the filled boxes are closed
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by the closing machine. The closed boxes are transported to the palletiser, which puts seven layers of
12 boxes on a pallet. The pallet is covered with foil on the sleeving machine and is labelled by the
sticker machine. Now the pallet is ready for transport, which is handled by Customer Service &
Logistics (CS&L).

I |

Glass bottles Beer
v v
Dafol »| Depalletiser > filiog Pasteuriser > Labellng
machine machine machine
OR Interior
Box erector »
inserter
Six-pack Six-pack
> =
erector inserter
«CS&L— Pallet st‘lcker Sleev!ng T | Packagmg
machine machine machine

Figure 2: Process on packaging line 51, blue shows the flow of bottles, orange the infeed of carton

2.1.2. Conveyers/buffers

Between all machines in the process, conveyer belts are installed to transport the bottles or
boxes to the next machine. These conveyers also function as buffers between the machines. The
length and width of these conveyers determine the buffer capacity.

Some of the workstations along the line consist of single machines, but sometimes two machines
are placed in parallel. To equalize the workload of parallel machines, the bottles are sometimes
gathered together on one conveyer belt between the workstations, but split up again in front of the
next machine. Division of workload over the machines is done based on congestion on the conveyer
belt (See Figure 3 for an example).

] 20% —

Labeler511 | bttt | BOX packer 511
| J
———————————— 50 %
) 50 %
Labeler512 ¢

et it | BoX packer 512
80 %

Figure 3: Example of merging and splitting of bottles for equal division of workload
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Speeds of the machines are partly related to the fill level of the buffers. Along the conveyer belts,
sensors are placed to determine the fill level of the buffers. They are programmed to slow down or
stop upstream machines when the buffer is (almost) full, and to speed up or start these machines
when space is available in the buffer. Also the speed of downstream machines is managed using
these sensors, but in the opposite way. The speed of the machine depends on the settings of the
machine. How these are determined and adjusted is described in the next section.

2.2. Method

In this section, we describe the methods used at the line for measurement and system changes.
As quality is the number one aspect at Heineken, we start with describing where in the process
measurements for quality take place (Sections 2.2.1). Also, we describe the current methods used to
evaluate overall efficiency and speed (Sections 2.2.2 and 2.2.3). In Section 2.2.4 we describe how the
speed of machines can be adjusted.

2.2.1. Quality checks

In the packaging process several quality checks take place. Some of the checks are done
automatically with the use of sensors, but some of the checks are done by the machine operators on
the packaging line. At every automatic check, products outside the allowable range are emitted from
the process. Out of range manual checks require an adjustment, but can also lead to a blockage of
final products.

Wet area

Before entering the filler, every bottle is automatically checked on shape and content by a
sensor. After the filling, bottles are checked again, this time on the fill level and pressure on the
crown cork. The operators of the filler manually perform scheduled checks on the products. During
these checks, they also check the fill level of the bottles. Next to that, they also measure the oxygen
level of the beer. At the pasteuriser, no automatic quality checks are performed. Manual checks are
performed by the operators on the quality of the water, mainly on the levels of chemicals. These
chemicals are used to clean the bottles, keep the water clean, and make sure the crown corks are not
corroding. After the labelling machines, a more precise automatic check is performed on the fill level
of the bottle. Here the allowable range is smaller than at the filler. Also, the labels are checked for
position on the bottle. The operators perform scheduled checks on the labels as well, especially
looking whether there is air present under the labels.

Dry area

Each box is checked on weight after the packaging machines. Also, there is a check whether the
box is closed properly directly after closing. This is checked again between the packaging machine
and the palletiser; just before the palletiser a system checks if the box is wet. A wet box means that a
bottle is broken along the process and these boxes cannot enter the market. The last manual checks
are performed at the packaging machine; operators check the overall sales quality (label position, fill
level, etc.). All bottles of a box are placed next to each other and checked for fill level, label position
and quality, laser codes, etc.
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2.2.2. Efficiency measurement

At Heineken, efficiency is measured using the OPI (see Chapter 1 and Appendix A) on the
production line. The OPIl is determined by:

OPI = Availability * Performance * Quality
The quality is the fraction of time theoretically needed to make the ‘good product’ output,
divided by the time needed for the total output created (including rework and rejected products).

Heineken defines this as:

Jity = Good product
Quality = Good product + Reject & Rework

Performance is calculated by dividing the production time by the operating time. The production
time is the time (theoretically) needed for the total number of products (good product + reject and
rework). The operating time is the production time + the time for speed loss and minor stoppages (<
5 minutes), so the time the line has actually been in operation. Because these speed losses are
especially hard to define, we also give the calculation starting with the total time:

Production time
Performance =

Operating time

Operating time = total time - unused time - nonteam maintenance
- No Order No Activity - change over time - planned downtime - breakdown time

Here breakdown time only includes stops longer than 5 minutes.

The last part of the OPI, the availability is calculated as follows, where manned time is the total
time — unused time (e.g. weekends).

I Operating time
Availibility =

Manned time

To make these calculations clear, we provide an example with virtual numbers. Here we calculate
the OPI as goals for the packaging lines are based on this measure.

Total time: 480 minutes

Meetings: 30 minutes Manned time: 450 minutes (480-30)
Change over time: 30 minutes

Planned downtime: 60 minutes

Breakdown time: 80 minutes Operating time: 280 minutes (450-30-60-80)
Speed loss and minor stoppages: 30 minutes Production time: 250 minutes (280-30)
Good product: 20000 boxes
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From the numbers given we can calculate the OPI if we

The capacity of the packaging line is determined by the fillers, which can fill 120,000 bottles per
hour. As a box contains 24 bottles, this means 5,000 boxes per hour. For a production of 20,000
boxes, theoretically 240 minutes are needed. This gives the following OPI:

P ) 280 250 _ 240
OPI = availability * per formance * quality = 250 * 280 * 250

*100% = 53%

Because the OPI requires a lot of calculations, we will only look at the output of the packaging
line. The output has the highest impact on the OPI, which is used to determine performance at
Heineken. From now on, if performance is mentioned, we mean output of the packaging line. An
increase in output will automatically result in an improved OPI, as long as the manned time remains
the same.

2.2.3. Speed evaluation

At Heineken, a V-graph is used to determine how the speeds of different machines on the line
should be balanced. The V-graph sets the capacity of the bottleneck machine as 100%, and the
machines before and after the bottleneck are set on increasing percentages as further away they are
from the bottleneck machine Invalid source specified.. A general example from the brewing industry
is displayed in Figure 4. If the machines are set at the right speeds and the buffers are used in the
right way, this reduces the blocking and starvation times of the bottleneck machine. Minor stops up-
or downstream are covered by the buffers, so only longer stops influence other machines along the
line, especially longer stops of the bottleneck machine Invalid source specified..
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Figure 4: Example V-graph (Browne, 2005)
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At the packaging lines the filling machine is the bottleneck machine, as explained in Section 1.3.
This is already taken into account during design and acquisition of the line. During this phase, the
group supply chain (GSC) of Heineken determines what the V-graph should look like. They use
increasing percentages, which are not constant. The percentages are determined based on
experiments conducted quite a while ago. Therefore, it is important to look critically at these
percentages, as they are not determined especially for this line and almost independent of the
available buffer capacities. Also, the V-graph is only determined for the main machines on which the
bottles are processed, but the carton infeed is not taken into account.

Machine speeds are limited by several factors, of which one is the technical capacity. In general,
it is not possible to set the machines on the maximum technical speed and still secure the quality.
Also, working at this speed results in a lot of stops for the machine, which can increase the chance of
breakdowns. Therefore, for every machine, the best processing speed should be determined.
Currently, the set points of the machines at packaging line 51 are based on experience and historical
results. Determining set points, operating on these speeds, and only changing this in rare cases when
no other options are available, increases the efficiency of the packaging line by reducing speed loss
and blocking and starvation times.

2.2.4. Speed adjustment

As already mentioned in Section 2.1.2, the speed of the machines is partly determined by the
sensors along the conveyer belts, but also by the speed settings of the machine. Some of the
machines have several speeds. Next to a nominal speed on which the machine normally works, they
also have a low and/or high speed in case of high or low buffer fill levels.

Machine Adjustment method Number of different speeds
Defoil machine Programming 1: nominal

Depalletiser Programming 2: nominal and high
Filling machines Operator 1: nominal

Pasteuriser Programming 2: nominal and high
Labelling machines Operator 2: nominal and high
Packaging machines Programming 3: low, nominal and high
Box erector Operator 1: nominal

Interior inserter Operator 1: nominal

Six pack erector Programming 3: low, nominal and high
Six pack inserter Programming 1: nominal

Palletiser Programming 1: nominal

Sleeving machine Programming 1: nominal

Pallet sticker machine Programming 1: nominal

Table 2: Speed adjustments of main machines

There are two ways to change the speed settings; either the operator changes the speed on the
machine, or a programmer changes the set points as programmed in the machine software. For some
machines, it is possible for an operator to change the speed, while on other machines changes are
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only possible by adjusting the software program. The second column of Table 2 shows which method
is used for which machine.

The third column of Table 2 shows how many speeds the machine uses. Some of the machines
use several different speeds while being in production. If we look for example to the packaging
machines, we see that there are three speeds, which can be adjusted by programming. This means,
that in the software program, three different set points exist, one for low speed, one for nominal
speed, and one for high speed. When the machine is in production, it will always use one of these
speeds. The current speed is determined by sensors along the conveyer belt in front of the machine.
These sensors detect until which point the buffer is currently filled with bottles, and based on this fill
rate, the speed is adjusted. Figure 5 displays this process, by showing two machines and the conveyer
belt (buffer) in between. The speed of machine 2 is determined by sensors along this conveyer belt,
represented by the vertical black lines.

Situaton 1: Nominal speed

Machine 1

Situation 2: Low speed

—

Situation 3: Breakdown

Machine 1

<

Situation 4: High speed

Machine 1 ‘

Figure 5: Example of how sensors along the conveyer belts determine machine speed

In situation 1, we see the machines both in ‘normal’ state. They are both working at nominal
speed and the buffer is in steady state. As soon as machine 1 breaks down, we go to situation 2.
There is no supply of bottles, so the buffer gets empty. The sensor closest to machine 2 is no longer
detecting bottles, and changes the speed of machine 2 to low speed. If machine 1 is not restarted
before the buffer becomes empty, we call this starvation of machine 2. As soon as machine 1 starts
working again and there is supply of bottles, the process goes (slowly) back to ‘steady-state’ as in
situation 1. As soon as the sensor detects bottles again, the machine goes back to nominal speed.

Another option is a breakdown of machine 2, which is displayed in situation 3. As soon as this
happens, the bottle supply continues, while there is no processing of bottles. In this situation the
buffer gets fuller. If machine 2 does not start working again before the buffer is completely full, we
speak of blocking of machine 1. As soon as machine 2 is restarted, we get to situation 4. If the sensor
closest to machine 1 detects bottles, it changes the speed of machine 2 to high speed. This way, the
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buffer is emptied partly. As soon as the buffer is no longer filled until the sensor, the machine
changes to normal speed and we are back in situation 1.

This way, the different speeds as displayed in Table 2 are assigned to the machines based on the
fill rate of the buffer. The programmed fill rate for speed change determines the moment when the
machine slows down or speeds up. The placement of the sensors along the conveyer belt determines
for which fill rates this is possible.

2.3. Organization

As mentioned in Section 1.1.2, there is one rayon manager and there are three teams of
operators on packaging line 51. In this section we discuss those stakeholders, but also other groups
and people working on the line, that can influence, or are influenced by, the performance of the line.
We start with the people directly involved in the daily operations, which are the rayon manager, the
operators, but also the installation administrator. Next to that, we describe the interests of the
company management, (in which we include all hierarchical levels above the rayon manager), the
technology/quality department, the maintenance department, and the logistics department (CS&L).

The rayon manager is responsible for the performance of packaging line 51. She determines the
strategy for the packaging line based on the line set by the management of Zoeterwoude and the
global management of Heineken. Also, she manages the operators and the installation administrator.
The installation administrator is responsible for all the machines and installations of the packaging
lines. He is the first contact point for the operators when something is wrong with an installation and
communicates this to the maintenance department. He collects and processes labels for repairs,
modifications, and safety written by the operators.

On packaging line 51, there are three teams of operators, working in shifts of 8 hours, during 5
days, 24 hours a day. During the weekend, the line is normally not in use. The main task of the
operators is to make sure the machines are running and high-quality products are produced. This
means they have to make sure materials are available, clean the machines, check the quality, detect
problems, and, when necessary and possible, troubleshoot failures. When they cannot fix a problem,
they contact the installation administrator or someone from the maintenance department. The
operators are important in the process of changes, as they are the ones taking care of the
production, and they can influence the performance and output of the process. Therefore, support of
the operators is needed when implementing changes.

The maintenance department consists of several sub-departments. On the line, mainly the all-
round maintenance engineers and the electricians are needed to solve problems. These are the
employees assisting the operators when problems occur on the line during production. When
programs of the machines or conveyers need to be adjusted this is done by the programmers.
Changes on the line often need to be done by the maintenance department, so they are important
for the implementation.

Next to the people working on the line, either in daily operations or when needed, the
technology/quality department is also important. They evaluate the quality of the product, look at
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safety issues, and reflect on the influences of changes to product quality when needed. Every week
the quality is evaluated with the rayon manager, and actions are taken if necessary. When changes
are made, it is important that the quality/technology department is informed to ensure the quality.

CS&L is also a stakeholder that needs to be taken into account. They are responsible for the
supply of materials (empty bottles, carton, etc.) and the transport of completed products. When big
changes occur, they need to be informed and their opinion should be taken into account. If materials
are not supplied, or final products are not transported, this results in stops in the process.

At last, also the management is important. The management consist of several layers in the
hierarchy, starting by the packaging manager. He should be involved to get his support for changes.
Also, he is the final responsible to the local brewery manager concerning everything happening in the
packaging department.

2.4. Current performance

This section describes the current performance of the process. We start with a description of the
overall process performance. Several aspects will be discussed, based on how Heineken evaluates
performance and speed as discussed in Section 2.2. As mentioned in Chapter 1, quality is not taken
into account as a lot of focus is already on quality performance, and next to that, there is a separate
quality department within Heineken to evaluate and improve this aspect of the OPI.

2.4.1. Availability

In this section we evaluate the current performance and take a closer look at the losses in the
availability and performance aspect of the OPI. Looking at Figure 6, we see an overview of the
categories of unplanned downtime as percentage of effective working time (time the machine is
theoretically available for processing, so not in stop for cleaning, unmanned time, etc.). The
unplanned downtime has a direct influence on the performance, and should therefore be minimized.

This figure is confidential

Figure 6: Total unplanned downtime main machines as percentage of effective working time
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The category “other” includes the time where the machine status is unknown, due to no or
incomplete status registration. The remainder of the effective working time, the machine is in
production. Internal stops include both breakdowns (> 5 minutes) and minor stops (< 5 minutes).
Starvation is mostly due to bottles, but for the box packers there is a separate registration for
starvation due to lack of boxes. Therefore, “starvation other” is added for this machine.

Figure 7 focuses on the filling machines and shows the development over the weeks. We see a
decline in the total unplanned downtime, which means that there is already an increase in
performance. This is due to the fact that after the weeks of revision (weeks 2 till 4), always some
start-up problems occur, but after a while, the process stabilizes. As the fillers are the bottleneck in
the process, most of the analysis is done on these machines. We see that these breakdowns and
minor stops form only a really small part of the downtime on the filling machines (on average x% of
the effective working time). Especially blocking forms a main part of the downtime on the filling
machines. Together, blocking and starvation account for a big part of the effective working time. The
same accounts for Figure 6, for almost all machines blocking and starvation form the main part of the
unplanned down time. This is generally unnecessary loss of efficiency, and therefore important to
improve.

This figure is confidential

Figure 7: Unplanned downtime filling machines as percentage of effective working time

2.4.2. V-graph

To determine the current speed performance, the V-graph is designed for the current situation.
Appendix E shows how the calculations for the machines are made. We calculate the theoretical
capacity for each machine, taken into account the current settings of the machines. So if a machine
has several speed levels, the highest level is chosen and plotted in the V-graph. For the box packer,
the whole carton infeed is taken into account, as the packer can never work faster than it gets the
materials for packaging. The V-graph of the current process is shown in Figure 8. The red line shows
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the current line capacity, while the dotted grey line shows the line determined by the GSC. The graph
shows a gap between the current performance and the ideal performance according to Heineken.

The flat V-graph in week 11 results in blocking and starvation, as described in the previous
section. Even minor stops influence the machines up- and downstream, as there is almost no extra
capacity to empty or fill buffers after a stop. In Chapter 3 we search in the literature for the related
research to be able to determine the best speeds for the machines.

The biggest gap between the line of the GSC and the current performance can be seen at the
palletiser. In 2013, Heineken introduced a new bottle, named the K2. This bottle is made of thinner
glass, and also more light-weight carton is used for the packaging. As a result, transport costs
decreased significantly, but the chance on broken bottles increased. The palletiser uses moving
beams to move the boxes to the right place, and the impact of these beams on a box is high.
Therefore, the machine is currently working at lower speed than should be possible according to the
technical specifications. The technical specifications would be 120% of the filling machines capacity,
so for this machine, the line of the GSC (135%) is not reachable without placing another or extra
machine. Therefore, a technical team is currently looking at the possibilities to increase the capacity.

The second pair of machines showing quite a gap between current and desired state, are the box
packers. First of all, this is due to the fact that the machine can simply not work at the speed stated
in the technical specifications. These specifications are quite general, and with the current boxes and
bottles this speed cannot be reached. The distance between the machine and the box is too big, due
to the relatively high K2 bottle. Therefore, the maximum reachable percentage compared to the
bottleneck rate would be 122%. Also this percentage is currently not reached due to wear and tear of
the machine.

This figure is confidential

Figure 8: V-graph of line 51, GSC line and the current line in week 11

2.4.3. Speed changes
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In Section 2.2.4 we described the speed adjustments that can be made by the operators.
Evaluating the data over the last seven weeks (the weeks after the last revision period) of the speeds
that can be adjusted manually, we see that the speeds on the box erector and interior inserter are
almost never changed. The speed of the interior inserters is changed twice on each machine, because
of a test with another type of insert, and the speed of the box erector has not been changed at all.

The speeds of the fillers and labellers are changed quite regularly. Therefore, a trigger has been
designed where the operators fill out the reason for increasing or decreasing the speed from the
agreed set point. This trigger is used to see reasons why the speed is changed. On the fillers, we can
see that the speed is (almost) always changed after a (long) period of no production. This is related to
the temperature of the beer in the pipes from the brewery to the packaging department. The
temperature influences the process, and therefore the operators need more control which is created
by lowering the speed. For the labellers, it turns out that the placement of the sensors along the
conveyers before the machines is not optimal, and therefore the speed is often increased manually
to empty the buffers. This manual change has a positive effect on the continuity at the filling
machines. This is an important observation in designing the new set points and buffer workings.

2.5. Conclusion

In this chapter we evaluated the current process and performance, from which we can conclude
that most improvement can be obtained by reducing the amount of blocking and starvation of the
filling machine. Blocking and starvation currently make up a big part of the total effective working
time, while internal stops (breakdowns and minor stops) only account for a small percentage. As the
filling machine is the bottleneck in the process, and therefore the lowest point on the V-graph, the
blocking and starvation times should be minimal when the speed and buffer settings are according to
the V-graph philosophy. This philosophy leads to a continuous flow on the packaging line, where
disruptions only occur when machines up- or downstream from the fillers have breakdowns. For
minor stops, the buffers should be able to prevent other machines from stoppages.

The focus of this research is on reducing blocking and starvation, by looking at the speed settings
of machines and the use of buffers in the process. The research uses the current failure level as a
given fact, and reducing the frequency and time of stops is outside the scope of this research. By
reducing the time of blocking and starvation of machines, the continuity of the flow on the line will
increase. In the research, we look at packaging line 51 of Heineken in Zoeterwoude. We focus on the
part from the depalletiser to the palletiser, so we exclude the defoil machine, the sleeving machine
and the pallet labeller.

To be able to give an advice for a more continuous flow on the line, Chapter 3 discusses the
factors for continuous flow according to the literature. In Chapter 4, a more extensive analysis of the
gaps between the current state and the desired state (which is based on the literature) is conducted
to come up with alternatives and solutions to minimize the blocking and starvation time of the filling
machines.

3. Literature
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This chapter provides theory which can be used for analysing and improving the current
performance at Heineken. First we classify the packaging process according to the literature in
Section 3.1. This is necessary to determine which methods from the literature are applicable to the
packaging line. After this classification, we study variability in Section 3.2, as this is the main source
for the difference between effective throughput and theoretical throughput. Section 3.3 deals with
how we can model variability and the effects of variability. Section 3.4 and 3.5 respectively discuss
analytical models and simulation models. Section 3.6 describes a method to determine buffer sizes.
The process has finite buffers, and therefore buffer sizes need to be known. The last section (Section
3.7) concludes, based on the literature, on which method we use in the remainder of the research.

3.1. Classification of the packaging process

This section describes the process from a theoretical view. We review the process based on
existing classifications of manufacturing processes, to be able to use the literature which is applicable
to the process at packaging line 51. Manufacturing processes can be divided into several categories.
This section discusses some of the categories used for classification.

First of all, we can distinguish between discrete or continuous processes. In discrete
manufacturing separate units are produced, where continuous manufacturing entails production in
bulk quantities Invalid source specified.. But, as stated by Cooke, Bosma, and Harte Invalid source
specified., the error introduced by modelling the production as a continuous variable is small, due to
the high production rate of hundreds of bottles per minute. Therefore, models for continuous
production can also be taken into account.

The second classification can be made looking at the machines in the process. The machines can
either be reliable or unreliable, as well as form a synchronous or asynchronous line. Reliable
machines are always up and ready for processing, whereas unreliable machines have downtime. In a
synchronous process all workstation have the same production rate/capacity, whereas this is not the
case for an asynchronous process Invalid source specified..

Another way to classify a system is whether it is open or closed. In closed systems, there is a
constant number of ‘jobs’ present, while in an open system this number is an independent random
variable Invalid source specified..

The packaging process at Heineken is a discrete manufacturing process, as the bottles are filled
per piece. Also, it is an unreliable and asynchronous process. We can classify the packaging process
as an open system, and mass production with asynchronous part transfer, which is very common for
production lines.

The last classification is based on the saturation of the process. A saturated process always has
raw materials available as input of the process, and at the output inventory space is always available.
A non-saturated process has either a buffer at the begin and/or at the end of the production line.
Although there are buffers at both sides of the line, we assume the packaging process at Heineken to
be saturated. This has big advantages for the analysis of the process, and is very close to reality, as
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the buffers at the beginning and the end of the process almost never cause blocking or starvation on
any of the machines.

3.2. Variability

There is no manufacturing process without variability, which makes it important to know how to
cope with variability and to determine the influence of the variability on the process. Variability can
be either good (e.g. product variety) or bad for the company, but as stated in the variability law:
‘increasing variability always degrades the performance of a production system’ Invalid source
specified.. Therefore, variability reduction is necessary to increase performance.

To measure the variability of a random variable we use the coefficient of variation (CV,
represented by c), which is the standard deviation (o) divided by the mean (t). We can identify three
classes, low variability (c < 0.75), moderate variability (0.75 < ¢ < 1.33), and high variability (¢ >
1.33). Sometimes, it is more convenient to use the squared coefficient of variation (SCV, represented
by c?). The formulas are:

Even if variability is not decreased, we can influence how it affects performance by using buffers.
There are three options to buffer variability, which can be used in combination. These are: inventory
(stock), capacity (overcapacity), and time (waiting time). Which buffering strategy is best, depends on
the business environment Invalid source specified..

Variability is a result of several causes. In a manufacturing environment, the most common
sources of variability are: natural variability, random variability, outages, setups, operator
(un)availability, and rework Invalid source specified.. Random failures can be classified as pre-
emptive outages (occur whether we want them or not), while setups and rework can be classified as
non-pre-emptive outages (we can control when they happen).

Another type of variability in production processes is flow variability. This is the effect of
variability at one station on another station in a line. The departures at one workstation are the
arrivals at the next workstation, and therefore variability is transferred downstream the production
line.

All the above mentioned sources of variability can cause time losses in the production, as they
result in queues somewhere along the production line. As the effects of variability are related to
arrivals and departures at the workstations, they are also related to machines speeds.

3.2.1. Bottleneck machine

The bottleneck rate used to calculate throughput is the effective rate of the bottleneck machine,
which is determined by the nominal rate times the availability. As availability we use the probability
that the machine is not down, where blockage and starvation are also seen as if the machine is
available Invalid source specified.. Increasing the bottleneck rate is related to technical changes,
reducing breakdowns, improving operator skills, and increasing manned time, which are outside the
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scope of this research. Therefore, we look at increasing the bottleneck utilization to increase the
throughput. This means reduction of blocking and starving of the bottleneck, for which Hopp and
Spearman Invalid source specified. give two ways to do this. The first is increasing the buffer size in
the system, which is most effective immediately in front of the bottleneck or after the bottleneck.
The second method is buffering the bottleneck with capacity by increasing the effective rates of non-
bottleneck stations, in which extra capacity at the highest-utilization non-bottleneck stations will
generally have the largest impact Invalid source specified..

3.2.2. Controlling variability

At packaging line 51, the ultimate goal is to increase throughput without reducing quality or
increasing costs. To increase throughput, either the bottleneck utilization or bottleneck workstation
processing rate (from now on bottleneck rate) should be increased, as throughput = bottleneck
utilization * bottleneck rate (all for the workstation) Invalid source specified.. Both the bottleneck
utilization and the bottleneck rate are lower than theoretically possible due to variability. Therefore,
it is important to deal in the right way with variability.

3.2.3. Variability Pooling

One way of dealing with the consequences of variability is by variability pooling, in which
multiple sources of variability are combined. There are several methods for this, of which one
applicable at the packaging lines at Heineken is queue sharing. If one of the workstation experiences
a long processing time, due to either process variability or a breakdown, jobs can go to another
machine which reduces waiting time and decreases the effect of variability Invalid source specified..
This method can be used when parallel machines are available.

3.3. Modelling variability and the effects

To analyse variability and the effects of variability, we can use a modelling approach. We
consider two types of models: analytical models and simulation models. Both have their own
advantages and disadvantages, and based on the requirements of the model we can determine
which method is the best. Therefore, we discuss the basic modelling approach in this section,
together with the considerations when developing a model.

The basic modelling approach consists of 8 steps Invalid source specified.:

1. Identify the issues to be addressed: ascertain the needs of the user: what is the problem? How
will the model be used? When is it needed?

2. Learn about the system: identify the performance measures of interest to the user, characterize
the relevant aspects of the components and key parameters of the system.

3. Choose a modelling approach: use simulation or analytical models, do models already exist?

4. Develop and test the model: obtain data on the parameters of the model, make ‘reasonable’
assumptions.

5. Verify and validate the model: check the model for internal consistency (verification), and assess
the accuracy of the results (validation).

6. Develop a model interface for the user: ensure that the user can actually use the model and
convince the user of the value of the model.
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7. Experiment with the model: develop an understanding of factors influencing the performance of
the system.

8. Present the results: give recommendations based on the model results, explain the possibilities
and limitations of the model, promote the model.

When applying these steps consecutively, a good choice for the type of modelling is made and
the model is developed, evaluated, and used in the right way. When developing a model, several
considerations should be made Invalid source specified.. These considerations are also important in
step 3 of the basic modelling approach, when choosing which type of model is used. We mention the
factors for considerations and how they behave in analytical and simulation models.

¢ Complexity versus simplicity: A complex model often represents reality better, while it also
takes a lot of time and is harder to verify and validate. Analytical models are limited in
complexity they can handle, while simulation models can often be made as complex as
necessary;

® Flexibility: Both analytical and simulation models can be flexible, parameter values can be
changed easily;

e Data requirements: In general simulation models need more data than analytical models.
Most important is the data format available in reality and whether this corresponds with the
data requirements the model;

* Transparency: For user acceptance, the model must be understood. For analytical models
mathematical skills are needed to understand the model, while simulation models often can
be easily explained.

e Efficiency: both in development and use models can consume a lot of time. The time needed
for development depends on model complexity and skills of the modeller. In use, analytical
models are often quite efficient, while simulation models can require substantial time.

e User interface: For the use of the model, a good user interface is essential. Simulation
models have more options for the user interface, due to the visual representation used.
Analytical models are often restricted to input and output screens as interface.

To be able to make a choice between analytical and simulation models, we need to explorer both
options further. Therefore, in the following sections (3.4 and 3.5) we go into more detail on both
model types.

3.4. Analytical models

Analytical models describe a system in mathematical relationship. When looking at variability in
production lines, these relationships are generally described using queuing theory. In the literature
we can find exact models for rather simple processes, for example flow lines with two machines. For
more complex systems, mathematical relationships are often hard to determine, and therefore
analytical models require assumptions, resulting in only approximations of reality. Still, it is often
possible to simplify systems by integrating machines or looking only at parts of the system, on which
analytical model can be applied Invalid source specified.. Therefore, we look into more detail in
useful analytical models from queuing theory. In this section, we give an overview of the formulas
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which are used when analysing a system analytically. We start with process time variability, and then
continue with flow variability (3.4.2) and the queuing effect of variability (3.4.3).

3.4.1. Effective process time variability

Applying the formulas for each of these variability sources gives us the parameters for the effective
process times. These formulas are summarized in Table 3. An explanation of the used variables can
be found in Table 4. If both pre-emptive and non-pre-emptive outages are involved, we apply the

formulas consecutively.

Non-pre-emptive

Situation Natural Pre-emptive

Random Failures Setups; rework

Examples Reliable Machine

Parameters to, cg Basic plus Basic plus
(baSic) mf y My Crg NS ) tS ) C.S?
t m t
f o g to +
A my +m, Ny
téck a_g (mZ+c2)(1 - A, o2 4 0_52 N Ny —1 2
A2 Am, "N, N2
2 m 2
€o 2+ (1+cHA1-A)— e
to tg

Table 3: Summary of formulas for computing effective process time parameters (Hopp and Spearman, 2008)

3.4.2. Flow variability

To calculate the flow variability, we need the arrival rate at a station, denoted by r,. This is the
inverse of the mean time between arrivals, t,. If we assume a production line without yield loss or
rework, the arrival rate to station i, equals the departure rate of station i-1. Therefore, we need to
calculate the inter-departure times CV (coefficient of variation) of each station. This can also be seen
in Figure 9. We can do this with the following estimation formula Invalid source specified.:

2
u
cg?=1+1—-u?)(cz-1) +—m(c§ -1

vym

Where
Tat I
¢  utilization
m
Cq = t—“ coefficient of variation of the interarrival times
a
2 0'3 . . P . .
Cc =15 coefficient of variation of the effective process times
e
m number of parallel machines at the workstation
Station Station | + 1
Rates r i) ri+ 1)
i) rgli) = rgli + 1)
—_— | i - b | ikl | —»
Cyli) i) = c i+ 1)
CY¥s c#.:_!'] ‘._.‘!_[I' +1)

Figure 9: Propagation of variability between workstations in series Invalid source specified.
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3.4.3. Effects of variability - Queuing

In this section, we briefly give some equations which can be used to determine time losses in the
production. We use Kendall’'s notation to classify the queuing stations. This notation uses four
parameters to characterize a queuing station: A/B/m/b, where A describes the distribution of arrival
times, B describes the distribution of process times, m is the number of machines at the station, and
b is the maximum number of jobs that can be in the system. For A and B, the following three values
are mostly used Invalid source specified.:

e D: constant (Deterministic) distribution

e M: exponential (Markovian) distribution

® G: completely general distribution (e.g., normal, uniform)

Explanation
c Coefficient of variation
G Standard deviation
t Mean
a? Variance
to Mean of natural process time
Co Coefficient of natural process time
t, Mean of effective process time
o2 Variance of effective process time
C. Coefficient of variation of effective process time
A Availability
my Mean time to failure
m, Mean time to repair
c, Coefficient of variation of repair times
Ny Mean number of jobs between setups
tg Mean of setup duration
Cg Coefficient of variation of setup duration
t, Mean time between arrivals
g, Standard deviation of inter-arrival times
Ca Coefficient of variation of inter-arrival times
T, Average arrival rate (1/t,)
C4 Coefficient of variation of inter-departure times
u Utilization
m Number of parallel machines at workstation
b Buffer size
p “corrected utilization”

Table 4: Explanation of the used variables
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3.4.3.1.  Fundamental queuing relationships

Hopp and Spearman Invalid source specified. give several fundamental relationships in queuing
theory. First of all, the utilization, already given in Section 3.4.2. They also give relations for the mean
time spent at the station and in the queue. This is done using Little’s law Invalid source specified.,
which is applicable to the total workstation and the queue of a workstation. Also, they give the
relation between the time in the queue and the total time at the station. The WIP is the work-in-
process, TH represents the throughput, CT the cycle time, and CT, the cycle time in the queue:

WIP = TH % CT
CT = CT, +t,

Another useful and well-known equation is Kingman’s equation, which is also known at the VUT
equation. This formula is an expression of the waiting time for queuing models with general process
and inter-arrival times by a variability term (V), a utilization term (U), and a time term (T). This
approximation is based on the formula for the M/M/1 queue. The approximation for CT, for single
machines is given by Invalid source specified.:

2 2
CT,(6/G/1) = (C“ . Ce) (=)t

3.4.3.2.  Blocking models

The above mentioned models do not take into account the effect of blocking. Therefore, this
section describes the models used by Hopp and Spearman Invalid source specified. for systems with
limited buffers, in which blocking can occur. We only look at the general blocking models, as the
distribution of the processing and inter-arrival times are not yet determined. All equations given,
lead to approximations of the throughput. Hopp and Spearman only discuss situations with one
machine, so to apply the models to the packaging process at Heineken this has to be taken into
account.

Hopp and Spearman Invalid source specified. give approximations for the WIP and cycle times
using the WIP without blocking (WIP,;,), and buffer size (b). To get these approximations, we need to
determine the throughput of the production line. For blocking models, we identify three different
situations: arrival rate less than production rate, arrival rate greater than production rate, and arrival
rate equal to production rate. For two of these three situations we need estimates for the buffer size,
which we discuss in Section 3.6. In the remainder of this section we determine the throughput for
these situations. For all situations, we can determine WIP and cycle times using Little’s Law. For the
WIP we obtain an upper bound and for the cycle time a lower bound by using the following formulas:

WIP < min{WIP,;, , b}

- min{WIP,;, ,b}
TH
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Situation 1: Arrival rate less than production rate

If the arrival rate is less than the production rate, u is smaller than 1. Therefore, we can use
Kingman’s equation and Little’s law to determine the WIP without any blocking, and from there we
can determine the throughput for a system with blocking, using the formulas for M/M/1 systems.

1— upb—l
TH = —1 — uzpb‘l T
in which
_ WIP,, —u
P="wip,

WP, ~ c+c? u?
nb ¥\ 7 1—u)

Situation 2: Arrival rate greater than production rate

In this situation, we approximate the throughput and the work-in-progress by analysing the line
in reverse order. By doing this, the arrival process becomes the production process and vice versa,
resulting in a utilization less than 1, as the utilization is now determined by 1/u. Our system can now
be evaluated as in situation 1, using the following formulas:

1— upb—l
TH = T w2gh-1 w2 ph 7,
in which
p= 1/.0R
_ WPy, =1y
PR="Wip,

WP ~ c2 +c? ( 1 )+1
nb = 2 u(u—1)) u

Situation 3: Arrival rate equal to production rate

In the situation where u=1, we can approximate the throughput using the following formula
according to Invalid source specified.. The theory behind the formula is very extensive, and
therefore we only give the approximation for the throughput:

c2+c2+2(b-1)
2(c2+ct+b—-1)

TH =
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3.4.3.3.  Variability pooling with parallel machines

As mentioned in Section 3.2.1.2 one way of dealing with the queuing effect of variability is by using
variability pooling on parallel machines. Therefore, we present the adjusted VUT-equation by Hopp
and Spearman Invalid source specified., which is an extension of Kingman's equation (for
explanation of the variables, see Table 4):

cz+ ce2> (uvz(m“)_l) .
e

CTq(G/G/m)=< . g

3.5. Simulation models

Sometimes, real-world systems are so complex, that they cannot be described analytically. In this
case, simulation models can be very useful. “Simulation is the process of designing a model of a

system and conducting experiments with this model for the purpose either of understanding the

behaviour of the system or of evaluating various strategies (within the limits imposed by a criterion or

set of criteria) for the operation of the system” Invalid source specified.. \We evaluate a model
numerically, which provides us we data for estimation of the true characteristics of the model Invalid
source specified..

Simulation models give the possibility to estimate performance while conditions are regulated by
the programming of the model. This makes it possible to do several experiments, of which the results
can be compared to analyse proposed systems or come up with improvements for the current
system. In reality conditions cannot be controlled and it takes a lot of time and investments to
compare several system configurations. By making use of the visualization options provided by a
simulation model, it is often easier to convince people about a proposed solution.

In this section, we describe the theory about simulation studies, starting with how to conduct a
simulation study in Section 3.5.1. In the next section (3.5.2.) we discuss the different types of
simulation models.

3.5.1. Conducting a simulation study

For conducting a simulation study we can identify three main steps: problem definition, model
construction, and experimental design. In this section, we describe these steps and their sub steps as
displayed in Figure 10. In Section 3.3 we discussed the basic modelling approach, and we see that the
steps of both models show similarities. The model in this section assumes that the decision to
conduct a simulation study is already made, while in the basic modelling approach this decision is
made in step 3.

Step 1: Problem definition

The first step in a simulation study is the problem definition. In this step the problem is
formulated and a plan is made for the study. This step corresponds to step 1 and 2 of the basic
modelling approach. The result of this first step is generally a project specification, which includes
the following points:
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® Introduction problem and project goals: introduce the problem, and determine goals,
restrictions and timing, visualization and run times.

® Expected contribution and results

® (Concise model description: scope and detail, assumptions, experimental factors and reports

® Data requirements and collection

e Time planning

® (Cost estimate

Step 2: Model construction

Step 2 of conducting a simulation study consists of the construction of the model. Therefore,
data needs to be collected and the model is defined and programmed. The result of this second step
is a working, valid model, which can be used to reach the goals stated in the first step. Important is
that the model is verified and validated. This step corresponds to the steps 5 and 6 of the basic
modelling approach.

Step 3: Experimental design

The third and last step of a simulation study determines the experimental design, executes the
experiments and analyses the output of the experiments. In this step, we try to answer the following
qguestion: Which of possibly many parameters and structural assumptions have the greatest impact
on a performance measure? Therefore, we need to determine the factors, their levels, and the
combination of levels that will be used. This step corresponds to step 7 and 8 of the basic modelling
approach.

1. Problem 2. Model construction 3. Experimental design
definition and analysis of results
1. Formulate problem 2. Collect data end

and plan the study define a model 7. Design experiments

v

8. Make production
runs

v

9. Analyze output
4. Construct a computer data

program and verify
10. Document, present,
5. Make pilot runs and use results

3. Conceptua
model valid?

6. Programmed
model valid?

Figure 10: Steps in conducting a simulation study Invalid source specified.
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3.5.2. Types of simulation models

There are several types of simulation models, which can be classified using three dimensions
Invalid source specified.. These dimensions are:

e Static vs. Dynamic Simulation Models: static simulation models represent the system at a
certain time, while dynamic simulation models show how the system evolves over time.

e Deterministic vs. Stochastic Simulation Model: a deterministic simulation model does not
contain any probabilistic components, while in a stochastic simulation model random
input components do exist.

e Continuous vs. Discrete Simulation Models: a discrete simulation model has state
variables which change at separate points in time, while a continuous model has
continuous state changes.

Law Invalid source specified. discusses several types of simulation, which are related to the
dimensions above. Below we mention these simulation types and briefly explain the ones that are
not directly related to the dimensions.

e Discrete-event simulation

e Continuous simulation

e Combined discrete-continuous simulation

e Monte Carlo Simulation: Monte Carlo simulation is a static discrete simulation model,
which can be either stochastic or deterministic.

® Spreadsheet simulation: For discrete problems which are not too complex, a simulation
can be conducted using a spreadsheet program.

Next to these simulation types, we can also differentiate between terminating simulations and
non-terminating simulations. In terminating simulations, there is a natural event specifying the end
of a simulation run, e.g. the end of the day or end of the week. In non-termination simulations, there
is no such event. Due to this, terminating simulations are dependent on initial conditions, while in
non-terminating simulation we generally look at steady state measures. At the start of a simulation
the system is in transient system behaviour, as the performance depends on initial conditions, while
after some time the system can go to steady state behaviour. This is not always the case, as
parameters can also change over time, resulting in continued transient system behaviour. When
looking at steady-state parameters, we need to determine the time it takes until the system is in
steady state.

3.6. Conclusion

There are two main options to analyse variability in production processes. It can be done
analytically, using the models presented in this chapter, or using a simulation model and the
corresponding methods for analysis. Both options have their advantages and disadvantages, as
displayed in Table 5.

If we look at the basic modelling approach by Buzacott and Shanthikumar Invalid source
specified., we can now execute the first three steps. In Chapters 1 and 2 the problem is introduced,
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which is that the current output level is below the goal stated by Heineken. This is due to blocking
and starvation of the main machines, which is related to variability in the system. We want to model
this variability, so we can determine on which speed each machine should work based on a certain
fill rate of the buffer in front of the machine. The model must be understood by people of Heineken,
and fulfil the requirements of this research. The main performance measure is the output of the
system, together with the percentage of time the filling machines are blocked, as these measures are
used to determine the OPI. The main decision variables in the system are the machine speeds and
the fill rates of the buffers.

Advantages Disadvantages
Analytical * Low effort in application ® Only applicable for relatively
models e Fast in executing phase simple systems
e Relatively easy to validate ® Hard to deal with dynamic
situations
Simulation e User friendly e Takes a lot of time in both
e Useful in convincing people due to development and execution phase
visualization e Hard to validate
® Possible to experiment without e Lot of data needed
risks

e Cheap compared to experimenting
in reality

Table 5: Comparison advantages and disadvantages analytical and simulation models

Both analytical models and simulation models are not used within Heineken at the moment. In
the literature we found examples of both models, which can be useful for the development and
execution. Based on the requirements stated above and the advantages and disadvantages from
Table 5, we can choose a modelling approach. The packaging process at Heineken is a complex, very
dynamic system. As these are mentioned as main disadvantages of analytical models, the use of a
simulation model is preferred. The disadvantages of simulation models are the time development
and execution take, the validation, and the amount of data needed. Within Heineken a lot of data is
available, so this is not a problem. Time can be a problem, but if the study is scoped properly, this
can be limited as well.

Because the advantages of a simulation study outweigh the disadvantages, we use a simulation
study to answer the research question. A simulation study will help to identify which settings for the
buffer strategies and speed of the machines should be used to get an optimal output. Also, the visual
representation of the process can help to convince people of the impact of changes. In Chapter 4 we
discuss the next steps of the basic modelling approach, which correspond to the steps of conducting
a simulation study. From now on, we follow the steps of the last method as presented in Section
3.5.1.
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4. Simulation study

Based on the problem of our case study and the advantages and disadvantages of different
models to analyse the problem, we decided to use a simulation study to analyse the situation. This
chapter describes the execution of the simulation study of packaging line 51 at Heineken
Zoeterwoude. The sections are based on the model presented in Figure 10 (see Page 29). Section 4.1
gives the project specification, Section 4.2 explains the data used for the model, while Section 4.3
describes the model and the process of model validation. Section 4.4 continues with a description of
the experiments, followed by the results in Section 4.5.

4.1. Project specification

We start with giving the project specification for this simulation study. Time planning and cost
estimate are not discussed, as these are not relevant for our study. The data requirements and
collection are discussed extensively in the next section, and therefore not discussed in this project
specification.

Problem and project goals

To minimize blocking and starvation on the filling machines of packaging line 51 the right buffer
strategy need to be determined. These machines are the bottleneck on the packaging line, so a more
continuous flow through these machines will increase the output of the line. Therefore, the goal of
this project is to determine the machine speeds and buffer strategy for the line in such a way that the
filling machines can produce as continuously as possible, without causing too many start-stop
moments at other machines. The buffer strategy is defined as “the machine settings which determine
when the machine changes to another speed, and the speed it changes to”. The moment of speed
change is based on the fill level of the buffer. This strategy differs per machine.

Expected contribution and results

The simulation study will show possible improvements regarding buffer strategies on packaging
line 51. A user-friendly model will be delivered, together with a report containing a description, the
results, and the conclusions from the experiments.

Scoping

In Chapter 2, we already stated that only the part of the process between the filling machines
and the box packaging machines is interesting to evaluate. Therefore, we only take these machines
into account in the simulation model. Next to that, we also scope on the type of packaging, to save
time in modelling and analysis. Currently, a test is running on the whole packaging department
dealing with the number of assists an operator has to execute. This test is only executed on the
‘loose’ products, so only when the interior partition is used. By choosing the same packaging type,
the effects of both projects can be combined and result in better performance. Also, interior
partition is used on all packaging lines, while this is not the case for six-packs. This means that
horizontal expansion is possible when the ‘loose’ setting is chosen. Therefore, only the machines
used during production of loose are taken into account in the simulation.
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4.2. Model and input data

This section starts with a description of the type of model and simulation program we use to
execute our simulation study. Then we define the input data needed for this model, together with
the values and distribution of this data in Section 4.2.2.

4.2.1. Simulation model

In Chapter 3 several types of simulation models were described and discussed. In this section we
classify our simulation model and explain which simulation type is chosen, together with the program
used for modelling.

First we classify the system based on the three dimensions mentioned in Section 3.5.2. Our
model is a discrete simulation model, as the state of the system only changes when an event occurs,
namely finishing a part on one of the machines, a breakdown or stop of a machine, etc. The
processing times of the parts are stochastic, as breakdowns can occur, and therefore the whole
system can be seen as stochastic. We look at the evolution of the system over time, which makes the
system dynamic. With this classification, we can determine which simulation type we will use. Two
options remain; the discrete-event simulation and spreadsheet simulation. The last one is only
applicable for simple systems, which is not the case at packaging line 51. Therefore, we use discrete
event simulation.

Several programs offer the possibility to make a discrete event simulation model of a packaging
line. The level of a simulation study is partly determined by the experience of the programmer.
Therefore, we choose a simulation program used at the University of Twente, which is Plant
Simulation. This is an object oriented simulation language, offering standard building blocks
especially designed to model manufacturing processes. Using the method building blocks, the
programmer can program according to his own wishes and the wishes of the client.

4.2.2 Input data

For our discrete event simulation model, we need several types of input data. In this section, we
discuss the input data needed, and determine how this data can be modelled. Experimental factors
are not discussed in this section, as this is not pre-determined input data, but can be specified by the
user. The experimental factors are the set points for machine speeds and the fill rates of the buffer at
which the machine changes its speed.

All the data about states of the system can be retrieved from the databases at Heineken. An
example of the retrieved data can be found in Appendix F. For every machine status we can see the
start time, end time, and duration in seconds. From this data we should be able to determine the
input we need for the simulation model.

To have a valid model, which represents reality as close as possible, the input data has to be
representative. We want to analyse and improve the current situation, and therefore it is important
to use recent data. Therefore, we decided only to use data from the process in 2014. In the first
weeks of January, two weeks of revision took place on packaging line 51. This means that no
production took place, but machines have been checked, adjusted, and repaired. The first few weeks
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after the revision period, small adjustments were needed to improve the process. Therefore, we
decided not to use data of January and February, leaving us with data from March and April. This
data gives us a huge number of data values, which gives a good base to determine the input for the
simulation model. By using a lot of data values the impact of incidental occurrences is limited.

4221 Determining input data

There are three ways to use collected data to model random input: (1) use of a theoretical
probability distribution function fitted to the data, (2) use of an empirical distribution function based
on the data, or (3) direct use of the data in the simulation. All options have their advantages and
drawbacks, which we discuss briefly.

For a simulation, it is generally preferred to use a theoretical distribution function, as
irregularities are smoothed out, and it is easily possible to work with different scenarios. When a
theoretical distribution is hard to find, an empirical distribution can be useful. The disadvantages of
using an empirical distribution compared to a theoretical distribution are smoothed out when a large
number of data values are available. The direct approach is useful for model validation and complex
data structures.

The values used in the model, depend on how the input is modelled. Using a theoretical
distribution makes it possible to use input data outside of the observed values. The observed values
determine the shape of the data, but leave all values open as possibilities. When an empirical
distribution function is applied to the data, the used values are limited to the boundaries set by the
observed data. Values between the minimum and above the maximum will never be used. Between
those boundaries, every value can be taken as input. Direct data use limits the input to the observed
values. This means that the data only describes history, and it can occur that there is insufficient data
to make all simulation runs.

There are three important types of input data we have to define: (1) processing times, (2)
machine times to failure (interval between failures), and (3) machine repair times (duration of
failure). Plant simulation offers several options to give data input for these variables. To get the
simulation as close as reality as possible, we first try to fit a theoretical distribution function for those
variables. If this doesn’t work, we continue with the empirical distribution function. As we want to
simulate different settings, direct data use is not preferable. The distribution functions and their
parameters need to be tested and evaluated for every machine in the process.

For the input data for which we need to define a distribution, we used the program EasyFit to
check the fit of several distributions. Easyfit provides three goodness-of-fit measures for each
distribution, namely Kolmogorov-Smirnov (KS), Anderson-Darlin (AD), and Chi-Squared (CS). For each
of these tests, the confidence degree of the fit is given. For the analysis we only look at the KS and CS
test, as these tests are most commonly applied. The following distributions are checked, based on
the possibility to enter them in Plant Simulation:
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® Beta e Exponential
e Uniform ¢ Gamma
e Normal ® |log-normal
® Erlang e Weibull

4.2.2.2 Processing times

For the processing times, we will not use an empirical or probability distribution, as the
processing times are not registered and therefore not available. Also, the processing times are only
dependent on the machine speed, so we can determine processing times with a simple formula
creating a dependency on machine speed.

4.2.2.3 Interval between failures

To determine machine times between failures, we have several options. First of all, there are two
types of failures we can use: time-dependent and operation-dependent failures. With time-
dependent failures, machine breakdowns happen after a certain time, independent of whether the
machine is operating or not. Using operation-dependent failures, the machine only breaks down
when it is in operation. We will use the latter, as this is closest to reality for packaging line 51.

To determine a distribution (either a theoretical probability or empirical distribution), we look at
the time that the machine had the status production between the failure statuses. This way, we
exclude all times the machine is unavailable due to blocking and starvation. From this data, we try to
fit a distribution. For the intervals between failures, we use all the data available, as both small and
large intervals can have a big influence on the throughput of the process. A small interval has a big
influence because the buffers are not restored to their steady state position yet, while a long time
between two failures gives the possibility to restore buffers.

Appendix G gives the results from the Easyfit analysis. From this analysis we conclude that for
almost all machines, there is no theoretical distribution which fits to the data from the process (p-
value is zero, or very close to zero). Therefore, an empirical distribution is used in the simulation
model, which is further explained in Appendix G.

4.2.2.4 Time to repair

As said before, Heineken divides disruptions into two categories: (long) breakdowns and (short)
stops. The boundary between short and long stops is placed at 5 minutes (300 seconds). In theory,
short stops should not influence any machines down- or upstream, as the buffer should be able to
cope with these stops. Long breakdowns do influence the remainder of the process, as the buffers
are not able to deal with this. As our goal is to reduce ‘unnecessary downtime’, due to causes up- or
downstream, the long breakdowns are not interesting for the simulation. These are incidents, and
are not part of a pattern in the failure duration. Therefore, we decided only to take failures up to 300
seconds into account.
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Appendix G shows the results of the Easyfit analysis. From the results, we see that the
distribution which fits the data differs per machine. Also, the p-values differ a lot. As we cannot say
theoretically that one of the tests is better than the other, we try to take into account both p-values
in our conclusion. Table 6 shows the chosen distributions and their parameters per machine. A
discussion of these conclusions can be found in Appendix G.

This table is confidential

Table 6: Distributions and parameters for time to repair

4.3 Model description

In this section, we briefly describe the simulation model used for the experiments. In this section
we give a general overview of the model and state the assumptions and the limitations. The main
frame of the model contains several areas (see Figure 11). In the remainder of this section we discuss
the different areas of this main frame. Also, the model is validated in Section 4.3.2.

4.3.2 Model of the packaging line

In this section we describe the model of the packaging line, which forms the main part of the
frame displayed in Figure 11. Represented are the machines, the buffers, and the path followed by
the bottles (grey shaded area). Most machines are connected with arrows, but for some of the
machines the transport of the bottles is programmed in the model to reflect reality as good as
possible, because splitting and merging of bottles is based on congestion. Therefore, we need to take
bottles from the buffers with the highest content. The carton infeed is modelled in a separate frame,
and therefore only represented by one symbol in Figure 11. Figure 12 shows how the infeed is
modelled. In both figures buffers are displayed starting with “B_", while material input is also clearly
marked.

4.3.2.1 Model of the packaging line

At the start (left side of the model), we see the empty bottles entering the system. Here we
assume that empty bottles are always available. From here on we see the process from the filling
machines until the box packers. In the model, the palletiser (end of the model) functions as a drain,
this means that it deletes the objects from the system.
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Model of packaging line 51
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Figure 11: Main frame of simulation model
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Figure 12: Carton infeed 511 in the simulation model

In reality the buffers are conveyer belts, so they also have a transport function. To simulate the
transport time of the bottles on the conveyer belts, a processing time is assigned to each object
representing a buffer. This means the bottles spend a minimum time in a certain buffer before they
are allowed to move on.

Different from reality is the modelling of the pasteuriser. In practice, the pasteuriser has two
separate lanes, each one directly connected to a filling machine. As soon as one of the lanes is
blocked, the whole pasteuriser stops working (so both lanes). In the model the separation of the
lanes is not represented, to model this effect of blocking of the pasteuriser. Using two lanes results in
a lot of extra checks which have to be programmed in the model, which has a very negative effect on
the runtime of the model. Also, the pasteuriser is modelled with only one speed, which equals the
capacity of the filling machines. In reality the pasteuriser has two speeds, but the effective capacity
cannot be determined exactly as this is related to the density of bottles within the pasteuriser.
Another research is conducted on this within Heineken, but the results are not applicable in the
model. Therefore, the pasteuriser is modelled with only one speed.

The box packers need batch processing for the bottles, which is modelled by an assembly station.
The assembly station takes one box and 24 bottles, before completing the packing.

Assumptions

Next, we summarize all assumptions made to model the packaging line as close to reality as
possible, without making it too complex. We start with the general assumptions which account for
the whole system, and continue with assumptions per machine in the process.

® Processing times are based on the speed of the machines in bottles/hour.

e The influence of rejected products on the total output is very low, and therefore not
taken into account.

e Breakdowns longer than 300 seconds are incidental, and therefore not taken into
account in the simulation model, as we simulate the steady state behaviour of the
process.

®  When bottles split over several buffers or machines, this happens based on the
availability of space after the point of split. The bottles move to the machine/buffer with
the most unused capacity.
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When bottles merge from several buffers or machines, this happens based on the supply
of bottles before the merging point. Bottles are moved from the machine/buffer with the
least unused capacity.

As soon as the buffer after a machine has a place available, the machine starts processing
again.

There is no starvation due to lack of supply of bottles, beer and carton as input of the
process.

The influence of the pasteuriser on the process is negligible, as the number of
breakdowns is very low and the processing time is always the same. Therefore, the
pasteuriser is modelled as a completely reliable machine.

The pasteuriser only uses one speed, which equals the speed of the filling machines.
Also, the separation of upper and lower deck of the pasteuriser is not modelled.

The availability of the palletiser is based on the historical data of blocking of the box
packers. This means it is not necessary to model the buffer between the box packers and
the palletiser.

For the model we need to determine buffer sizes. For the buffers containing bottles the method used

is explained in Appendix H. Table 7 displays the buffers sizes for bottles as used in the model. The

EmptyBottles buffer is not displayed, as this buffer only ensures unlimited supply of bottles, but does

not influence the system. Table 8 displays the buffer sizes for boxes, which are determined by

counting the boxes on packaging line 51.

This table is confidential

This table is confidential

Table 7: Buffer sizes for bottle buffers Table 8: Buffer sizes for box buffers

4.3.2.2 Event control

The event control field contains all elements that are used to reset, initialize, and start the

experiments. The EventController makes it possible to stop, continue, accelerate, or delay the

simulation.
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4.3.2.3  Experimental factors

The third field in the main frame is the field with Experimental Factors. This field contains all
information concerning the experiments. The table file Experiments contains the experiment
settings, which are assigned to the right objects at the right time using the other methods, variables,
and the generator.

Every time a bottle enters the machine, the fill rate of the buffer is checked, and if necessary the
speed is adjusted. There are two factors that can be changed, both on three levels; low, nominal, and
high speed for the labeller, and low, nominal, and high speed for the box packers. The value for low
speed means the machine changes to low speed, as soon as the fill rate is below this level. The value
for nominal speed means the machine switches to nominal speed if the fill rate is higher than the
stated level and for high speed counts the same as for nominal speed.

4.3.2.4 Performance measurement

Performance Measurement is the last field in the main frame. Performance is measured based on
periods of eight hours, which is one shift. This time frame is chosen, because this is the period always
used at Heineken for performance measurement and therefore data is available over periods of eight
hours. By choosing the same period, extensive validation of the model is possible. Also, eight hours is
a good period when looking at run time. When using a longer period the run time increases, while
shorter periods give a risk on high variance.

By triggering the methods on certain times, statistics of one shift or a total experiment are stored
in corresponding table files. The shift statistics are deleted as soon as a new experiment starts, while
the experiment statistics are saved and will be used for analysis of different system configurations.

4.3.3 Model validation

To make sure the simulation model represents reality, we need to validate the model. For the
first step expert knowledge is used. The model is examined by the rayon manager, installation
administrator and two operators. They confirmed that reality is represented properly, despite the
assumptions made.

The second step consists of comparison of the results from the simulation with historical results.
If the model represents reality perfectly, the results from the model should equal the historical
results. Some differences are observed, due to assumptions made. These are:

e Qutput in boxes per shift is in the model approximately x% higher than the output of a
shift without major disruptions in reality. This is due to the assumption of unlimited
supply of bottles and boxes as input of the process. This corresponds with the starvation
measured on the filling machines (see Chapter 2), which equals x-1%.

® Failure percentages of each machine are lower than in reality, due to the assumption of
only taking into account failures shorter than 300 seconds. The difference is for each
machine approximately y% of production time.
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® Blocking of each machine is lower in the model than in reality, due to two factors. First of
all, blocking is significantly lower because failures longer than 300 seconds are not taken
into account. These failures always result in blocking of machines earlier in the process.
Next to that, total accumulation is assumed. This means, that in the model we assume
that all bottles move directly forward to the next machine. In reality this is not the case,
and therefore the machines switch earlier to higher speed in the model, than they do in
reality. This prevents blocking of machines upstream in the process.

As these differences are the result of modelling assumptions and can be explained, the
model can be seen as valid after performing these two steps of model validation.

4.4 Experimental design

To give an answer to the research question, we need to conduct several experiments. In this
section we describe the configuration for these experiments and how we conduct the experiments.
This also includes the number of replications for every experiment and how the statistics are
determined.

4.4.2 Experiment configuration

As stated before in Sections 4.1 and 4.3.1.3, we have two main factors which we can change for
the experiment configurations, which are the speeds of the machines and the fill rates of buffers at
which those speeds change. For each of these settings, we can choose multiple values. If we take into
account every speed for each machine and a corresponding moment for changing, too many factors
would be taken into account. Therefore, decisions about which factors to include in the experiments
should be made, which are discussed with the rayon manager, installation administrator, and
operators.

First of all, we decide not to change anything at the carton infeed. The machines at the carton
infeed only have one speed, and the current speeds give almost no starvation (of boxes) on the box
packers. Therefore, nothing is changed on these machines.

Also, nothing is changed on the nominal speed of all machines in the process. The current speed
of the filling machines is determined based on quality constraints. Increasing or decreasing this speed
would negatively influence the quality performance, and therefore the only speed used for each of
the filling machines is z bottles per hour. On a line without disruptions every machine should be
working on the same speed to ensure a continuous flow. Therefore, the nominal speed of every
machine processing bottles should equal the speed of the filling machines, which is z bottles per hour
(labelling machines) and equals x boxes per hour (box packers). As these settings are used in the
current situation, the nominal speed of these machines is not changed.

The analysis of the current process in Chapter 2 shows that there is currently too much blocking
of the labellers and filling machines, while the percentage of time the machines are starved is low.
From this, we conclude that changing the low speed for both the labellers and box packers is not
necessary. From the same analysis, we can conclude that the high speed of the labellers does not
have to be changed. In general, the filling machines are only blocked when the labellers are, and this
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shows that the labelling machines are able to handle input coming from the filling machines. For the
box packers, the maximum speed is currently limited by technical constrains of the machines. In the
end of 2014 changes will be made on box packer 511, making it possible to increase the maximum
speed from y to y+2 boxes per minute. Therefore, it is useful to run experiments with both speeds.

Having decided that we only change the maximum speed of box packer 511 and do not change
the speed of the other machines, only the moment of speed change is left to discuss. This is only
interesting for machines with more than one possible speed, as the start/stop moments of the
machines do not show any problems. This also means that we only look at the labellers and box
packers. The low speed of these machines also determines when the machine starts again, and is
therefore not taken into account, resulting in the following five experimental factors:

e  Fill rate at which the labellers change to nominal speed

* Fill rate at which the labellers change to high speed

® Fill rate at which the box packers change to nominal speed
e  Fill rate at which the box packers change to high speed

e High speed of the box packer 511

The moment of changing to another speed is determined by sensors along the conveyer belt
before the machine. Changing the position of these sensors and programming them accordingly is a
very time-consuming task and the availability of man-hours for this is very limited. Therefore, we
restrict the possibilities based on the current placement of sensors. The current placement of the
sensors along the buffers before the labellers and box packers are displayed in respectively Figures
13 and 14. The sensor points are marked, and the corresponding fill rates are displayed. We also see
the current settings, where the red colour shows when the machine is stopped, the orange colour
shows when the machine is working on low speed, while yellow corresponds to nominal speed, and
green to high speed.

This figure is confidential

Figure 13: Sensors along conveyer belt between pasteuriser and labellers

This figure is confidential

Figure 14: Sensors along conveyer belt between labellers and box packers

Increasing the machine speed too late results in blocking, and therefore we look at possibilities
to change to higher speed earlier than the current configurations. As can be seen in Figure 13, this
only leaves one alternative option for both the nominal and high speed of the labellers. The same
accounts for the nominal speed of the box packers, as can be seen in Figure 14. For the high speed of
the box packers, we have three options we can choose for the sensors. Based on the fill rate at which
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the labeller changes and the amount of blocking, we decided to use the sensor closest to the
machine. It is preferable that the machine does not change to nominal and high speed at the same
sensor, so we choose a% to leave multiple combinations open. The current settings and the
alternative settings for the moment of speed change used in the experiments are displayed in Table
9.

This table is confidential

Table 9: Settings per experiment factor

As we can see in Table 9, we have 5 factors which all can use two levels. Using all
combinations we would have 2°=32 experiments. As this takes a long time to run, we first simulate
the 16 (2%) experiments dealing with the different fill rates, and then we execute the last change
(increased speed box packer 511) only for the current situation and the best alternative. We see that
the current setting of ‘labeller to nominal speed’ and the alternative setting for ‘labeller to high
speed’ are the same. We want the machine to be able to use all speeds, which means we can leave
out the combination of these factors, reducing the number of experiments with 4. This leaves us with
14 experiments to execute, as displayed in Table 10. When the results still show room for
improvement, it is possible to use one of the other alternatives for the moment of changing the box
packers to high speed.

4.4.3 Warm-up period

We want to evaluate the steady-state performance of the system. This means we should
disregard the measurements taken in the system before it enters its steady state. To enter the steady
state in this system, the first bottles need to exit the system, while the buffers also reach their
‘normal’ fill level. This takes approximately two hours, and therefore we take a warm-up period of
one shift. This means we delete the first shift for every experiment. Appendix | describes how this
warm-up period is determined.

4.4.4 Weekend

During the weekends, the packaging line is normally not producing. We can choose to put this
into the simulation model, but this would mean we need to delete the ‘finishing’ shift as well. As we
look at the steady state, there is no influence on the results if we do not take the weekend into
account. Therefore, the weekend is not included in the simulation.
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Table 10: Experiment Configurations

4.4.,5 Number of replications

To ensure that the relative error for the experiment meets the requirements, we determine the
number of replications using the theory as described by Law Invalid source specified.. The
calculations are displayed in Appendix J. With a confidence level of a=0.05 and a maximum relative
error of 0.05, we need to execute each experiment at least 5 times. As this number is very low, we
decided to perform 15 replications for each of the experiments.

4.5 Analysis of results

The results of experiment 1, which displays the current situation, are displayed in Table 11. In the
first column, we see the output in number of boxes per shift (8 hours). The second column shows the
average percentage of production time the filling machines are blocked, while in the third and fourth
column we see the same for the pasteuriser and the labellers. The fifth and sixth columns show this
percentage for starvation of respectively the labellers and box packers.

This table is confidential

Table 11: Results of experiment 1

To compare the alternative settings with the current setting, Table 12 displays the results as a
percentage of the current situation. Experiment 1 is taken as 100%, and every number under 100%
means a decrease of the total time a machine is blocked or starved, while a percentage above 100%
shows an increase in these times.
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Blocking Blocking Starvation Starvation box

fillers Labellers labellers packers

8 100.00 % 100 % 100 % 100 % 100 %
A  100.79 % 31% 71 % 148 % 300 %
£l 100.35% 71 % 98 % 124 % 136 %
W 100.67 % 42 % 66 % 185 % 319%
5 99.56 % 110 % 112 % 99 % 150 %
6 99.99 % 97 % 91 % 142 % 304 %
7 99.53 % 101 % 116 % 164 % 139 %
¥ 100.76 % 55 % 76 % 161 % 302 %
N 100.88 % 47 % 76 % 301 % 108 %
'l 100.50 % 75 % 93 % 235% 226 %
%8 100.36 % 67 % 94 % 285 % 142 %
i¥¥ 100.87 % 49 % 69 % 352 % 297 %

Table 12: Results experiments 1 till 12 (index compared to exp. 1)

The perception exists that the output and percentage of time the filling machines are blocked are
correlated, and if this is the case, we want to minimize the blocking of the fillers. If the fillers are the
real bottleneck of the process, this would be the case. To check this hypothesis we determine the
correlation coefficient of the variables output and blocking fillers. This is done using the following
formula, in which p represents the correlation coefficient of X and Y, cov the covariance between X
and Y, and o the standard deviation of X or Y:

cov(X,Y)

PEY) = Xa)

Using this formula, we get:
—47.872

————— = —(.85
0.44 * 125.733

p(output, blocking fillers) =

A correlation coefficient of 1 or -1 shows an expected linear correlation between the variables X
and Y, while this coefficient is 0 if there is no correlation. From the correlation found, we can
conclude that the output and the blocking percentage of the fillers seem negatively linearly
correlated. Knowing this correlation, we do not longer need to take into account both the output and
the blocking percentages of the fillers.
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In this analysis, several aspects are taken into account. The main aspect is the output, as in the
end we strive for a higher output from the process. Next to that, we also look at the percentage of
time machines are starved, as high starvation percentages mean a lot of start-stop moments. In the
model, ramp down and ramp up times (time it takes to stop or go from stop to a certain speed) are
not taken into account. Also, the influence of start-stop moments on the failures is not modelled, as
this influence is not known. The perception is, and this is supported by literature, that having a lot of
start-stop moments has a negative influence on machine failures, so influences the process
negatively. Because of this perception, we try to minimize the starvation percentages, while the
output is maximized. The waiting percentages from the model are higher than they will turn out in
practice, as we assume that all bottles gather directly in front of the next machine (complete
accumulation). In reality, this is not the case, which means that more bottles are present in the
buffers at the moment of changing speed.

For experiment 9 till 12 we see a big increase in starvation percentages for the labelling
machines. Although these turn out lower in practice, we cannot accept starvation percentages of this
level. For these experiments, the labeller changes earlier to nominal speed and earlier to high speed
than in the current situation. This combination can be left out in the remainder of this research, as
these percentages of time the machine is starved are not acceptable.

When looking at the output, we see that the even numbered experiments score the best,
together with experiment 9. In all even numbered experiments, the box packers change to high
speed at a fill rate of 35%, compared to 80% in the current situation. This seems to have a positive
influence on the output, but we also see that the percentage of time the box packers are starved
increases significantly.

As the current experiments do not give a really satisfying result, we conduct some extra
experiments. From the first results we concluded that changing earlier to a high speed than in the
current situation for the box packers is useful, but setting this at a fill rate of 35% gives a lot of
starvation on the labeller. Therefore, we conduct extra experiments in which the box packers change
to high speed earlier (the only other option available due to the restriction on using the sensors
currently placed along the conveyer belts). This leaves us with four new experiments, for which the
settings are displayed in Table 13.

This table is confidential

Table 13: Configurations for extra experiments
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Output Blocking Blocking Starvation Starvation box

fillers Labellers labellers packers
8 100.00 % 100 % 100 % 100 % 100 %
bA  100.79 % 31% 71% 148 % 300 %
Pl 100.18 % 89 % 91 % 110 % 111 %
8 100.67 % 42 % 66 % 185 % 319 %
LR 100.72 % 37 % 75 % 116 % 140 %
6 99.99 % 97 % 91 % 142 % 304 %
%M 100.26 % 79 % 90 % 184 % 146 %
¥ 100.76 % 55 % 76 % 161 % 302 %
%M 100.55 % 47 % 68 % 185 % 109 %

Table 14: Results of extra experiments (indexed compared to exp 1)

From Table 14, we can conclude that both experiment 4.1 and 8.1 show a significant increase in
output, which is clearly higher than in the first round of experiments. Also, in both cases there is an
increase in starvation of the labellers and box packers, but this increase is limited compared to the
results of the first experiments. It depends on the requirements of Heineken which of these
experiment settings are best. Experiment 4.1 shows a better output, with lower waiting percentages,
and therefore we would recommend these settings. This means that compared to the current
situation, the box packers go earlier to nominal speed and also go earlier to high speed.

As said in Section 4.4, we also conduct extra experiments in which the high speed of the box
packer 511 is x+2 boxes per minute. In October construction is planned on this machine, and the
expectation is that the maximum possible speed increases afterwards. Therefore, it is important to
know the effect of this change. As the results of the previous experiments showed two acceptable
sets of settings, we conduct three more experiments. First of all we simulate the current situation
with increased speed of the box packer, and then both alternative situations. The settings for the
experiments are displayed in Table 15, while Table 16 shows the results.

This table is confidential

Table 15: Settings extra experiments with adjusted high speed box packer 511 and their corresponding experiments
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Table 16: Results experiments with adjusted high speed box packer 511

From Table 16 we conclude that the expected increase in maximum speed of box packer 511 has
quite some impact on the output. Without any other changes, the speed increase results in an
increase in output of 0.55%. If we assume that the advised changes for the buffer strategies are
already made, the increase will be around 0.4%. With this new maximum speed, the waiting time on
the labellers decreases. This decreased starvation makes it more beneficial to change the buffer
strategy around these machines. When the labellers change earlier to nominal speed, a positive
effect on the output is created. Therefore, we advise to make this adjustment as soon as the
construction work on box packer 511 reaches the expected speed increase.

4.6 Conclusion

To determine the right machine speeds and buffer strategy to minimize blocking and starvation
on the filling machine on packaging line 51, a simulation model has been developed. The model
simulates the packaging process from filling to packing in boxes as closely to reality as possible. The
input of materials to the process is assumed to be continuous. Historical data has been analysed to
determine the input distribution for the times to repair and times to failure. Extensive validation of
the model has shown that it represents reality as closely as possible, given some assumptions made
for modelling purposes. The main assumptions are:
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¢ The influence of rejected products on the total output is not taken into account.

e Breakdowns longer than 300 seconds are not taken into account.

e Bottles move to the machine/buffer with the most unused capacity.

e Bottles move from the machine/buffer with the least unused capacity.

e There is no starvation due to lack of supply of bottles, beer and carton as input of the
process.

e The pasteuriser is modelled as a completely reliable machine with one speed.

e Separation of upper and lower deck of the pasteuriser is not modelled.

* The availability of the palletiser

To come up with the right machine speeds and buffer strategies, 14 experiments were designed.
The experimental factors taken into account are:

® Fill rate at which the labellers change to nominal speed

® Fill rate at which the labellers change to high speed

e Fill rate at which the box packers change to nominal speed
e Fill rate at which the box packers change to high speed

e High speed of the box packer 511

The factors concerning the fill rate are combined into 12 experiments, which are conducted to
determine which of these settings gives the best results. From this first set of experiments, we learn
that changing earlier to both nominal and high speed on the labellers has a highly negative influence
on the percentage of time the labeller is starved. Therefore, this combination of factors is excluded
from the remainder of the research. Also, we learned from the first experiments that changing to
high speed on the box packer at a very low fill rate is too early, as this results in a high percentage of
starvation of the box packers, which does not represent a continuous flow.

Still, it seems useful to change earlier to high speed on the box packers than is done in the
current configuration. Therefore, four extra experiments are conducted, in which the switch to high
speed is made at a medium fill rate. From these experiments we can conclude that, with the current
speed settings, the box packers should change earlier to nominal speed, as well as to high speed,
while no changes have to be made on the buffer strategy around the labelling machines. This could
reduce the blocking of the filling machines compared to the current situation, which results in yearly
savings.

In addition to these experiments, a future situation is also taken into account, in which the
maximum speed of box packer 511 will increase. Without any further changes to the packaging line,
this would increase output with more than 0.5%. When also looking at the buffer strategy around the
labellers and box packers, we conclude that in this case the labellers should also change earlier to
nominal speed, resulting in an additional output increase of 0.5% could be realized, increasing the
savings even further.
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5 Conclusion and recommendations

This chapter concludes this report which describes the research conducted at packaging line 51
of the Heineken Brewery in Zoeterwoude. Also, it gives recommendations divided into two
categories, recommendations coming directly from the research (5.2.1), and further
recommendations (5.2.2)

5.2 Conclusions

By answering several sub questions, dealing with the current situation, the existing literature,
and possible improvements and their benefits, we can now give an answer to the following research
question:

How can the performance of packaging line 51 of the Heineken Brewery in Zoeterwoude be
improved, while taking into account the quality and safety regulations?

This research question is answered by means of answering three sub-questions. In this
conclusion we discuss the answers to the sub-questions, followed by the answer to the main
research question.

The first sub-question is: “How is packaging line 51 currently performing?”. At line 51, the
current performance is below the target, especially if we look at the output of the packaging line. The
target set by the head office for the OPI is not reached in 2013 and very challenging. This is mainly
due to blocking and starvation on machines in the process, which are related to the availability and
speed of the machines.

As the filling machines are the bottleneck in the process, and therefore the lowest point on the
V-graph, the blocking and starvation times should be minimal when the speed and buffer settings are
according to the V-graph philosophy. This philosophy leads to a continuous flow on the packaging
line, where disruptions only occur when machines up- or downstream from the fillers have
breakdowns. For minor stops, the buffers should be able to prevent other machines from stoppages.

Looking at the unplanned downtime of each machine, we see that the fillers are on average x% of
the total production time not working. y% of this is due to breakdowns, but the other z% is due to
blocking and starvation of the machines. This has a negative influence on the continuous flow on the
packaging line and therefore the output is below target.

The second sub-question is: “Which factors influence the continuous flow on a production line
according to the literature, and how can this be modelled to analyse the influence of these
factors?”. From the literature, we can conclude that the blocking and starvation are due to variability
in the process. Variability always degrades the performance of a production system, and therefore it
is important to reduce this variability as much as possible. Possible strategies to deal with variability
are the use of buffers within the process, or buffering the bottleneck machine with capacity,
increasing the effective rates at non-bottleneck stations. This last option is also the theory behind the
V-graph. Variability pooling, e.g. by using queue sharing can also help to reduce variability.
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In the literature two methods were found which analyse the influence of variability on
continuous flow. First of all, analytical models can be used, which describe a system in mathematical
relationship. From existing queueing theory we can use the formulas to analyse the different types of
variability and describe the system in mathematical formulas. Analytical models can give a very good
approximation of reality, but therefore detailed input is required. Therefore, analytical models are
best applicable to simple systems and are not able to deal with dynamic situation easily.

Another option is the use of simulation models, in which a model is designed which reflects the
system as closely as possible. Simulation models give the possibility to design and test alternatives to
the current situation. Model development takes a lot of time, and a lot of data is needed to simulate
reality precisely. Simulation model are able to deal with complex, dynamic systems, and give a visual
back-up for conclusions.

Both modelling methods have their advantages and disadvantages, but as we need to model a
very complex system, we chose to use a simulation model. This model is used to determine the
optimal buffer strategy, which determines at which fill rate of the buffer the machine changes speed,
and to which speed to machine changes.

A simulation model is developed and validated with current data, and using expert-knowledge
from the process. The model is used to run experiments. Different scenarios are developed, and
translated to 12 experiments, of which the first one corresponds with the current situation. In these
experiments, the fill rates at which the labelling machines and box packers change to a different
speed are the experimental factors. From these first 12 experiments 4 more experiments are
developed, which use a slightly different buffer rate. Afterwards, 3 more experiments are conducted
to analyse the influence of increasing the high speed of one of the box packing machines, as an
increase in the maximum speed of box packer 511 is expected on short notice do to repair activities.

From the simulation study, we can determine changes which are most beneficial to the
performance measurements of packaging line 51. This is related to the last sub-questions, which is:
“Which changes are most beneficial to increase the performance on packaging line 51?”.

From the results of the experiment, we see that a balance has to be found between chance on
blocking of machines and the time the machine is starved. When blocking is reduced to a minimum,
the chance on starvation increases, which also disturbs the continuous flow. This can be seen at the
labellers when they change both earlier to nominal speed and to high speed compared to the current
situation. Also, we can conclude that changing too early to high speed on the box packers has a very
big influence on the percentage of time the machines are starved.

For the labellers, the model shows that the moment of changing to nominal speed should be
kept the same, and the same account for the moment of changing to high speed. Around the box
packers the buffer strategy should be changed, the change to nominal speed should take place at a
lower fill rate of and the fill rate at which the machine changes to high speed should be placed earlier
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as well. Implementing these changes would lead to a reduction of blocking on the filling machines of
x% of the production time, which equals yearly savings.

In addition, even more savings could be realized when the high speed of box packer 511 changes
to more boxes per minute. Without any other changes compared to the current situation, this would
already increase the output with 0.5%. When also implementing a revised buffer strategy, another
additional output increased of 0.5% can be realized. In this buffer strategy the speed changes of the
labellers should take place at earliers for both nominal and high speed. The same accounts for the
box packers.

Having answered the sub questions, we can now answer the main research question. The
performance of packaging line 51 can be improved significantly by changing the buffer strategies
around the labelling machines and the box packers. By changing the moments at which the machine
changes to another speed, the time the fillers are blocked can be reduced. As the filling machines are
the bottleneck in the process, this would directly lead to an increase in output. For packaging line 51,
each hour that the filling machines are not working costs money. This means that with implementing
the new buffer strategies only, a lot of money can be saved on yearly basis. A scenario that also have
been investigated is increasing the high speed of box packer 511, as this will happen when repair
works have taken place, which leads to an additional reduction of blocking of the filling machines.
The output increase will be more than 1%, which equals even higher annual savings.

5.3 Discussion

There are some limitations to the research, which we discuss in this section. Most of the
limitations are related to modelling assumptions, while some are due to other factors in the process
of conducting this research.

First of all, there are limitations in the simulation model. These exist because it is never possible
to model reality precisely, and therefore assumptions have been made. One of the assumptions is
that there is always supply of bottles, carton, and beer. The scope of the research focuses on
machine speeds and changeover moments, and to model this, a saturated system is preferred. This is
also related to the next assumption that we only model short stops, which means failures with a
duration (time to repair) of at most 300 seconds. These short stops will not disturb the supply at the
input of the process. The variability in the process caused by short stops can be reduced by making
good use of the buffers, while stops longer than 300 seconds always affect machines upstream or
downstream in the process. Also, taking into account the long stops makes is hard to model a steady-
state process, as a very long warm-up period is then required. Another important assumption is
made around the pasteuriser, which is not modelled with two separate lanes, but as one. This is
necessary in the model to represent reality as closely as possible, as the lanes are directly connected
in speed and start-and-stop moments.

Secondly, we can discuss about the data used. The data is taken from the system, but it is known
that the registration is not always totally correct. This means that the data does not represent the
reality perfectly, which can influence the simulation study. How big the influence of blurred data on
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the results is cannot be estimated, but it urges the need to improve data registration. For this
research, it was not possible to update data registration completely beforehand. Therefore the
choice was made to work with the available data.

Third of all, the buffers are a simplification of reality, as they are not modelled as conveyer belt.
We tried to minimize the influence of this by adding a processing time to each part of the buffer, but
this is not a perfect way to display the conveyer belts. Plant simulation does have an option for using
transport belts, but these require too much running time with the amounts of bottles we model.
Therefore, the choice is made to use static buffers with dwell times. The effect of this simplification is
that we take the direct fill rate of the buffer, which does not take into account where the bottles are
placed on the conveyer belt. This leads to earlier changing to a higher speed than in reality, which
leads to higher starvation percentages.

Related to the previous limitation, the dwell times of the buffers are only estimations, based on
the buffer length and the information of the supplier about the maximum speed of the conveyer
belts. This could influence the results, but the deviation from reality will be the same for each part of
the buffer. This way, we were able to limit the influence of this estimation.

5.4 Recommendations

From the research, it follows that it is beneficial for Heineken to change the current buffer
strategies. With the current failure behaviour and machine speeds, it shows clearly that the box
packers should change earlier to both the nominal and the high speed. As soon as the box packer 511
has an increased high speed this strategy could be improved even further. By implementing these
changes, the output can increase with approximately 0.7% compared to the current situation, but
most importantly, the blocking percentage on the filling machines decreases significantly which
increases the OPI.

To implement these buffer strategies, a programmer is needed. Currently, there is only one
person within Heineken Zoeterwoude who has the knowledge needed to make the necessary
adjustments. Currently it only leads to a lack of capacity sometimes, but this is a big risk, as illness,
holidays, or retirement of this man can cause a lot of knowledge to get lost, while a lot can be gained
with optimizing buffer strategies. Therefore, it is important to educate someone in this process of
buffer strategies and document the knowledge. The current dependency on one person within the
organization can lead to big problems in the future.

Also, data registration of the machines at the packaging lines should be updated. Currently, not
all machine statuses are registered in the right way, due to several causes. This makes the data
unreliable, and makes it hard to find the main reason of machine failures. The first cause is mistakes
in the programming of the status registrations. Sometimes, an error is recorded as a stop, while it
only reflects a warning. Next to that, data registration differs for every packaging line. Failures are
named differently between lines, and it even occurs that two machines on the same line use
different descriptions for the same failure. A third cause is that during a production stop, some
machines get the status failure, blocking, or starvation. It is not totally clear why this happens, it is
partly due to operators not logging out the machines correctly, but it also seems to be caused by the
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machines itself. This should be checked, and simple methods for logging out can help to prevent this
wrong status registration.

Next to that, improvements can be made in the communication within and between the
departments. Within the departments, there are two main communication organs, every morning an
update at 8:00, and a weekly meeting of the operators. Currently, both types of meetings are
regarded as an obligation by the operators, while it should be a possibility for them to come up with
ideas, solve problems, and have the chance to discuss with the rayon manager and the installation
administrator. A team already started on making these meetings more effective, but they should
especially take the communication to operators into account, as they should see the usefulness of
the meetings, and not regard it any longer as an obligation coming from the management. The rayon
managers and team leaders should take the lead in this.

All ‘rayons’ within the packaging department have their own technical problems and their own
teams working on it. Sometimes this results in the same work being done twice, as different people
are trying to solve the same problem on their own packaging line. A clear overview of which
problems people are working on and their solutions does not seem to exist. This should be created,
and the role of the TPM office can be very important in this. There are TPM teams, of which a clear
overview exists, but if operators are working together on a technical problem without clear guidance,
documentation lacks sometimes. Putting everything in a ‘TPM format’ gives resistance from the
operators as it is extra work to keep up documentation, but it can save a lot of unnecessary work.
Therefore, it is important to increase horizontal expansion and find a way to improve communication
between rayons.

Furthermore, improvements are also possible in the information available to the operators. Once
in a while, operators need to complete exams on the machines they are working on. For this exam
instruction books exists, but these are very extensive and not always up-to-date, as technical changes
as well as agreements on procedures and settings change sometimes. It is important that up-to-date
information is available, and that this information is easy to find. Therefore, it would be good to
assign someone responsible for updating the information for every machine. This person can also
create a summarized version of the instruction book, which can be placed close to the machine. This
way, information can be found easily, helping the operators to solve technical problems.

During this research, the buffer strategy for line 51 has been visualized. This visualization can
help the operators to understand the process better. Also, awareness of the need of continuous flow
on the packaging line is created. Although it takes some time to get all information together, it is
important that this overview of the buffer strategies is created for all packaging lines, and kept up to
date. Also here it accounts that the information should be easy to find, as the current system for this
information, EQS, is regarded as messy and overfull. Therefore, it is important to find a place to save
this information carefully, and agree on who is responsible to update the drawings when changes
take place.
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5.5 Further research

In this research, only a limited amount of experiments have been executed. To analyse the
possibilities and effects more precisely, a more extensive research on the influence of changes in
machine speed on the output should be conducted. Now the simulation model is developed, this can
be done quite easily. As we saw from increasing the speed of one box packer, speed changes have a
big influence on the output, and are therefore interesting to run further tests with.

The simulation model represents reality, but assumptions have been made to model this.
Improvements for the model can help to represent reality even better, and get even more reliable
results. Especially the input data should be reviewed, as the data collection is not totally reliable, but
changes have already been made since the data analysis. This could help to improve the process even
more.

The simulation model developed can also be used on other packaging lines. The model is now
specified for line 51, but the lines are similar in operation. This means that with simple adjustments,
the model is also applicable at other lines. Therefore, an instruction is made available, in which the
basics about adjusting the model are described. For all lines, a review of the buffer strategies could
be useful. It would be very useful to have a model applicable for all packaging lines, just by entering
some main variables. This way, Heineken can use the model, without the need to have programming
knowledge available.

In this research, one of the restrictions was the current placement of sensors along the conveyer
belts. Even with this restriction significant improvements can be made, which correspond with yearly
savings. The simulation model can also be used to determine whether the sensors are currently
placed at the right positions along the buffers. This could even lead to further improvements of the
flow in the process.

The model can also be used for other purposes than review of the buffer strategy. Here we can
think about simulating the effect of reducing failures (by adjusting the failure settings), the effects of
placing a new machine (adjusting speed and failure settings), and many more. Therefore it is
important that awareness about the existence of the model is created, so future interns can work
with the model to support their research.
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5.6 Practical implications for Heineken

The conclusions and recommendations from this research are not yet implemented, and
therefore the practical implications are not known yet. But before the simulation model was
developed, several actions have been taken to make the first steps in the improvement process to
create a more continuous flow.

From the data analysis, it became clear that the box packers were the real bottleneck in the
process, not only due to the high frequency of failures, but especially due to starvation from the
‘carton street’. Therefore, before even starting the simulation study, the machines speeds in this part
of the process have been increased. The main result from this action is displayed that starvation from
the carton street has decreased from 8 to 3.5%, which has a high impact on the amount of blocking
on the labellers and filling machines. Also some actions have been taken on the palletiser to increase
availability, which also helps to reduce blocking on the production line.
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Appendix C: Layout of packaging line 51
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Appendix D: Detailed machinery description

Based on Figure 2, this appendix gives a detailed description of the different machines in the
process. First the machines processing the bottles are described. Afterwards, the machines at the
carton infeed are discussed. This appendix also explains why some machines are not taken into
account in the main process.

Bottle processing machinery

The logistics department is responsible for the supply of pallets with empty bottles at the entry
buffer of the packaging line. The glass bottles enter the process with 3610 empty bottles on a pallet.
These bottles are divided over 10 layers, each separated by piece of carton covering the layer. The
top layer is covered by a carton hood. The whole pallet is covered with a plastic sleeve.

The glass bottles are delivered by a truck and unloaded in the glass unloading dock. Because line
51 is positioned on a higher floor, they are transported up with an elevator, after which they are
transported further by conveyer belts.

Defoil machine

After entering the packaging floor of line 51, the pallet is transported to the defoil machine. The
defoil machine takes the foil of the pallet with bottles. First it lifts the pallet slightly off the ground.
Then it makes a cut in the foil using a heated thread, which is used as started point to wrap the foil of
the pallet. The foil is drawn into the machine, which compresses the foil together before putting it on
a pallet. As soon as all foil is removed, the pallet is put back on the ground and transported on the
next conveyer belt.

Depalletiser

After the foil is taken of, the empty glass bottles are ready to be taken of the pallet. They enter
the elevator, which lifts the pallet on the level of the empty glass conveyer belts. First the carton
hood is taken off, and then the first layer of bottles is pushed off the pallet on the conveyer belt.
When enough space is available, the next layer is pushed off. After pushing off the layer, the carton
plate is taken off, which is thrown in a container. This continues until the last layer of the pallet. Then
the elevator takes the empty pallet down again.

Rinsing, filling, and crowning

The empty bottle conveyers transport the bottles to the rising/filling machine. Before entering
the machine, the empty bottles are automatically checked on quality. Bottles deviating from the
standard are expelled from the process. There are two rinsing/filling machines (Filler 511 and Filler
512), so the stream of bottles in split in two. Both fillers work the same. When the bottles enter the
machine, they are first rinsed with water. To keep the gas into the beer solution, the beer has to be
filled under pressure. Also, it is important that no oxygen is left in the bottle, to assure the quality of
the beer. Therefore, a vacuum is created in the bottle, after which the filling starts. When the bottle
is filled, it is closed with a crown cork which is distributed along a vertical chute. After the crown cork
is put on, the fill level is checked. This is done by measuring the pressure on the crown cork. If the fill
level is not too high or low, the bottle continues on the conveyer belt to the next machine.
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Pasteuriser

The filled bottles continue to the pasteuriser, where the bottles are heated to inactivate all
micro-organisms and enzymes that can influence the quality of the beer. By pasteurising the beer,
the shelf life of the product is extended. On packaging line 51, a double deck pasteuriser is installed.
This means that two conveyers are transporting the beer through the pasteuriser, one upper deck
(processing bottles of filler 511) and one lower deck (for the bottles of filler 512). The speed of these
conveyers can be changed separately. The pasteuriser on packaging line 51 is an in-line pasteuriser,
which means that it consists of a series of linked water tanks. The beer is conveyed through a tunnel-
like structure, in which it is heated up in several zones, receives the heat-treatment, and then cools
down in several zones.

Blower

After the pasteuriser, all bottles get together on the conveyer belt, but also split again before
entering the next machine, as two blowers are installed. The filled bottles coming out of the
pasteuriser are wet, which makes it hard to stick the labels on to them. Therefore, the bottles are
dried by a blowing machine, which blows air on the bottles. The blower is not taken into account in
the main process. There is no data available about this machine, as measurement is not taking place.
Disruptions at the blower do not interrupt the process, as they only affect the quality of the labelling.

Labelling machines

Both of the blowers are put in line with a labelling machine (Labeller 511 and Labeller 512), so
this time, the streams of bottles continue separated. Based on the position of the juncture in the
glass, the bottles are placed in the right position. Then they are transported along several labelling
positions, and the labelling machine puts three labels on the bottle; one on the neck of the bottle,
one on the front, and one on the back. In the end of the machine, a laser puts the last necessary
information on the bottle, as batch number, machine number, etc. When the bottles are labelled, an
automated quality check is done on the position of the labels. Also, the fill level is checked again.
Bottles not passing one of the tests are expelled from the process.

Box packaging machines

After receiving the label, the bottles are ready to be packed in boxes. From the labelling machine
they are transported to the box packaging machine. Also here, the bottles first get together again,
after which they split to two equal machines (Packer 511 and Packer 512). This machine has two
types of material entering: the filled and labelled bottles from the main process, but also a box with
either an interior partition or four six-packs (see section about carton in-feed). The boxes enter the
machine from a lower level, while the bottles enter on high level. The machine has eight pack-arms,
which grab 24 bottles from the bottle in-liner, and put them down in the box placed underneath.
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Box closing machines

After the bottles are placed in the box, the weight and height of the box are checked. If bottles
are missing or extra bottles have been put in the box, the weight deviates from the target and the
box is transported to a separate lane. If a bottle drops from the pack-arm, it can be placed on the
carton of the insert, and these boxes are also separated. When both the weight and height are
according to the standards, the box can be closed. This is done by a closing machine, one of which is
placed behind each packer. The machine puts glue on the box and closes it. The box closing machine
is not taken into account in the main process, because the number of disruptions is very low. The
machine status is registered, but the machine is only working if the packer is as well. Therefore,
taking this machine into account does not lead to extra insights in the process.

Palletiser

The closed boxes are ready for transport, but they first need to be put on a pallet. Therefore,
they continue to the palletiser. Entering the palletiser centrum (which is placed 5 floors below
packaging line 51), the boxes are first checked for broken bottles by a ‘wet boxes’ detection. If the
boxes are not wet, they are put on a pallet in the determined pattern. Empty pallets enter from
below, and are lifted to the box-entrance level by an elevator. As soon as one layer is completed, the
pallets move down a bit, so the second layer can enter. After seven layers of 12 boxes the pallet
continues on a conveyer to the sleeving machine.

Sleeving machine

The sleeving machine puts a plastic sleeve over the pallet, to prevent the boxes from falling. A
piece of plastic is grabbed on four corners, and put over the pallet. With the use of heat the plastic
sleeve shrinks around the boxes.

Pallet sticker machine

After being covered by a plastic sleeve, one step is left before the pallets are ready for transport.
Each pallet receives two labels for identification and tracking. As soon as the label is scanned, the
boxes are counted as completed products and the pallet is transferred to CS&L. They put the pallets
in containers to be transported by truck and/or ship.

Carton in-feed

Next to the main process where bottles are transported, there is a separate in-feed of all carton
packaging material. As explained in Chapter 2, the bottles are currently packed in two different types
of boxes: boxes with interior partition or boxes with four six-packs. The interior partition is a carton
insert, dividing the box into 24 compartments.

Material for the carton in-feed comes from CS&L and is transported to the packaging line using
an elevator. All carton is placed on pallets, which are transported next to the related machines when
necessary.
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Box erector

In both ways of packaging, the process starts with the two box erecting machines. The machine is
fed with ‘plano’s’, which are empty, folded flat boxes. These boxes are put into the machine, which
erects the boxes using suction mounts. The bottom of the box is closed with glue. The erected boxes
are placed on a conveyer belt.

Interior inserter

Independent of the current type of packaging, the box continues along the interior erector. If the
box needs an interior partition, the interior erector places this in the box. Also the interior partition is
folded flat, and erected by suction mounts. The arms of the machine place the erected insert in the
box. There are two interior erectors, both in line with one box erector.

Six-pack erector and inserter

When six-pack packaging is used, the four six-pack erectors are erecting the folded, flat six-packs
and put them on a conveyer belt. Two erectors are linked to one six-pack insert, which picks up four
six-packs and places them in the box passing beneath the insert machine.

Boxes filled with either an interior or four six-packs are ready to continue to the packers. The
process from the packers till transport is described earlier in this appendix.
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Appendix E: Speed calculations V-graph (confidential)

The number stated as capacity for each machine is the theoretical capacity with the current
machine settings. So, e.g. the box packers have three possible speed settings: low, nominal and high
speed. The speed displayed here is the high speed that is currently programmed in the machine. For
the fillers, pasteuriser, labelling machines, box packers, and palletiser these set points are known. For
the defoil machine, the depalletiser, the sleeving machine, and the pallet labelling machine several
measurements have been conducted about the time needed to process one pallet. For each machine
30 measurement results have been compared, outliers have been deleted, and then the average has
been taken. To make sure the machines was running at maximum speed, measurements have taken
place with excessive input, while at the output side excessive capacity was available.
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Appendix F: States registration machines (confidential)

Table 17: Example data retrieved from system
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Appendix G: Fitting distributions: Failure duration (confidential)
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Appendix H: Estimating buffer size

For the simulation model, we need to estimate the buffer size of the buffers in the process. This
is done using two sources. First of all, we use the theory of Fejes Toth Invalid source specified., who
gives formulas to estimate buffer sizes when using hexagonal packing. Next to that, we use the
isometric drawings of the line 51 to determine the sizes of the conveyer belts. These are checked by
performing measurements on the packaging line.

Toth Invalid source specified. provides prove that the maximal density of equally sized bottles is
when hexagonal packing is used (see Figure 17). There are two ways of hexagonal packing, one with
rows of equal length, and one with alternating rows, as can be seen in the figure. For both, formulas
have been developed to estimate the packing area. As we know the sizes of the area, we can
estimate the number of rows and the length of the rows and from there calculate the density.

Figure 18: Hexagonal packing, left equal rows, right alternating rows

If we have k rows of alternating length, in which the length of the longest row is n, and the

If we have k rows of equal length, in which the length of a row is n, and the diameter of the

bottles is d:
area = d* * (n + 1/2) < /3/2 xk+1-— /3/2>

With these formulas and the dimensions of the different parts of the buffers, we can calculate

diameter of the bottles is d:

the capacity of each buffer part. To determine whether to apply equal or alternating row length, we
look at the width of the buffer and divide it by the diameter of the bottle. If the decimal numbers are
less than 0.5 we use alternating row length, if it is more we use equal row lengths.

For each buffer part we determine n using the width/bottle diameter. Then we have all variables
for the formula except for k, for which we can use a solver. This gives the buffer sizes as displayed in
Table 7 (page 40).
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Appendix I: Warm-up period

To determine which shifts need to be taken into account in the experiment results, the warm-up
period needs to be calculated. From reality we know that this period is short, as it is close to the time
the first boxes arrive at the palletiser. This is mainly determined by the processing time of the

pasteuriser, which equals around 50 minutes.

To check if the process is stable after one shift, we run a simulation in which we measure the
output, in number of boxes, per hour. Figure 17 shows this development of the output. Here we see
that the output already stabilizes after 2 hours, so using a warm-up period of one shift (8 hours)
ensures that the system is in steady state in the shifts we take into account in the results.

Output first 24 hour

,/V\/\v/\/‘\/ T~

Number of boxes

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Hour after start

/
/
/
/
|,|
1

Figure 19: Output in the first 24 hour
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Appendix ]J: Number of replications

For reliable results of a simulation study, it is important to perform enough replications for each
experiment. On the other hand, more replications always result in a longer running time, which has a
negative influence on the duration of the simulation project. Therefore, it is important to determine
how many replications are needed.

The most well-known and commonly used method to determine the number of replications is
based on the idea that replications need to be performed until the width of the confidence interval,
relative to the average, is sufficiently small. So the following applies for a given relative error y (Law,

2008):
tn-11-a/2V Sk /1 < Y
| X 14y

Here, we need the student-t distribution to determine t,j1.q/2, Wwhere we take a=0.05. The
relative error we allow is 0.05. X, and S, are determined by executing n replications and taking the
average and variance. The needed number of replications is the minimum n for which the formula
above applies. We can determine this n using a sequential procedure; we calculate the values for
every n, until we reach a value which is smaller than the relative error. We determine this value
based on the output measure, as this is our main performance measure.

This method is executed for every experiment setting. The results are shown in Table 22. To
make sure we have enough replications to meet the relative error requirement, we take the
maximum number found. This means we need to execute at least 5 replications for each experiment.

Experiment 1 p 3 4 5 () 7 8 9 10 11 12

3 3 3 3 3 4 4 3 3 5 3 3

Table 18: Number of replications per experiment
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