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Management Summary

There are multiple bottling lines in place at the Grolsch brewery, which all bottle different kinds of
beers in various containers. The performance of these lines is measured in the percentage of time
this line would need for the production of the output compared to the total time it is available
for production, the so-called Factory Efficiency. The operational side of this production line was
performing up to the expectations of Grolsch, i.e., the machines did not break down too much.
However, it is believed that there is more to gain on other aspects of the production. This would
especially be the case at Bottling Line 2, a line that produces various different products. All these

different product lead to a complex planning, and multiple changeovers and cleaning tasks.

The question that was the starting point of this research is: "How can we improve on the fac-

tory efficiency of Bottling Line 227

This research identifies the core problem with a problem cluster, in which we find changeovers
to be an important factor in improving the efficiency. We then examined the current situation
at Bottling Line 2, using multiple types of data. We also looked into literature to find relevant
articles and case studies to help us create an optimal solution. The results of the observations are
then listed, followed by an advice regarding changeover improvements.

This report contains advice on both the conversion of internal activities to external activities
and on a policy regarding new bottles. A remark on the sustainability of the bottling line is also
included.

It was observed that, even though changeover carts containing all necessities for the changeover
are present within the company, these carts are not always used at the line when the changeover
starts. Getting these carts takes 4 minutes and should be done while the machine is still running.
The same goes for storing the labels and cleaning the parts of the machine; these activities should
be executed as external activities that are performed after the changeover is finished.

Regarding the use of new bottles to compensate for the bottles that are not returned, there is
a room for significant improvement. When new bottles have to be inserted, it should always be
done during a changeover. This leads to time savings of more than 30 minutes (during the longest
changeovers).

Since the machines at the line are not always necessary during a changeover, they should be
on stand-by. At this moment, there are still machines performing tasks that require a lot of power

(and therefore electricity) that are of no value. The example given is a mechanical arm that is
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‘taking out the bottles’ of empty crates that run by it for more than one hour.
During this research it was also found that the operating standards that are used at this moment
are not in line with the actual performance. This would be an interesting and valuable thing to

re-evaluate.
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Glossary
Concept Explanation
BNR “Bruine Nederlandse Retourfles” (Brown Dutch Return-bottle), a standardized
bottle for the Dutch beer market. All brewers can use this bottle.
CIP Cleaning in Place, the process of cleaning the machine parts of the bottling
line in order to enable the bottling of new beer. There are 3 CIP-types:
e Cold water CIP (20 minutes)
e Hot water + acid CIP (60 minutes)
o Alkaline + acid CIP (120 minutes)
EBI Empty Bottle Inspector, machine in the bottling line that inspects the clean
empty bottles before they get filled. Bottles with damages are pushed out.
Etima The labelling machine, all operators and other employees of Grolsch refer to this
machine as Etima, an abbrevation of "Etiketteer machine’ (Labeling machine).
Operating Terminology used within Grolsch to refer to the time that a certain changeover
Standard is scheduled to take. These standards are, for example, used in the planning.
SKU Stock Keeping Unit, unique product. All unique configurations represent dif-
ferent SKU. For instance different types of beer or the same beer in different
packaging options. Examples:
e 24 bottles of Grolsch in a crate
e Crate with 4 6-packs Radler
e Box with 6-packs Grolsch
SMED Single Minute Exchange of Die, a method to improve changeovers develop by
Shigeo Shingo in 1985
Star Wheel A wheel present in multiple bottling line machines, picks up bottles from the

moving lines
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Chapter 1

Introduction

This chapter provides an introduction to the company Grolsch and the problem it encounters.
Next, we identify the core problem and determine the problem-solving approach. The last section

covers the structure of this report.

Contents

1.1 Introduction to Grolsch

1.2 Management Problem

1.3 Core problem identification
1.4 Problem Solving Approach

1.5 Report Structure

1.1 Introduction to Grolsch

Since founded in 1615, Grolsch grew to be one of the big brewers in the Netherlands. In 2016,
Grolsch was acquired by Asahi, a Japanese brewer.

Since the beginning of the brand, the main product is regular 'Pilsner’, which is still the most
important product today. Next to this type of beer, numerous other beers are filled at the modern
Grolsch Brewery that was built in 2003. At this modern facility, more than 650 people work to
ensure that all products are produced correctly. Grolsch is active worldwide, selling 3.0 million
hectoliter (300,000,000 liter) in over 60 countries in 2018 (Grolsch, 2019).

The product portfolio of Grolsch is already extensive, but this is set to increase even more. This
increase is mainly due to the increasing popularity and demand for non-alcoholic and speciality
beers (Grolsch, 2019). For 2019 the aim is to introduce a new beer every month (Packaging
department, personal communication July 17, 2019), which, in combination with the increased
popularity, will lead to an even more diverse portfolio.

Grolsch is striving to incorporate sustainability and corporate social responsibility (SCSR) in
all of its actions. Many sustainability projects are currently in process or being developed; for
instance, the first crate in the world made of 100% recycled consumer plastic and numerous other

recycling efforts.
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1.2 Management Problem

One of the problems Grolsch encounters, concerns the efficiency of their Bottling Line 2. In the
brewery, there are eight lines in total, working with all different kinds of beers, containers and
packaging options. In this report, we refer to Bottling Line 2 as Line 2. Line 2 mostly focuses on
‘speciality beers’, for example radlers, bock-beers and other seasonal crafts. Grolsch measures the
performance of their lines by monitoring machine efficiency and factory efficiency; these concept
are explained below. The last few months, the focus of the Operations Department has mainly
been on improving the machine efficiency of the line, which did improve. Now, Grolsch feels that
there is even more to gain by focusing on the factory efficiency of Line 2. The following definitions
and Figure 1.1 provide a clear understanding of these concepts. The "Total Time’ is defined as the
total time in the period we are looking at, for example 168 hours per week. When determining
the ’Available Time’, the planned downtime is subtracted from the *Total Time’, this includes, for
example, the weekends in which there is no production planned. The *Operating Time’ consist of
the time the machine is available for production of a product, this does not include time spent
on processes such as changeovers and cleaning. The ’Production Time’ is the time it would have

taken to produce the amount of product when the line would be running full speed.

Factory efficiency measures the final production as a percentage of the time the line is available.
This is the "Production Time’ compared to the ’Available Time’. The 'FE-losses’ in Figure 1.1
represent times during which the machine is available, but not operating. These situations can

have multiple causes, with the main causes at Grolsch being:

Cleaning

Changeover

Starting up and shutting down (at the beginning and end of the week respectively)

Planned maintenance

Machine efficiency measures the final production as a percentage of the time the machine it
is able to operate. The 'ME-losses’ from Figure 1.1 include all factors leading to speeds below the

full speed, these mainly consist of different types of errors and malfunctions.

Total Time

Planned downtime (e.g.

Available Time weekends, holidays)

Operating Time FE-losses

Production Time ME-losses

Figure 1.1: Illustration of the effect on production time

As Grolsch has focused on improving the Machine efficiency during the last months, minimizing
the unexpected downtimes, the remaining time the machine is not producing at full speed should be

studied. These are the 'FE-losses’ in Figure 1.1 and the losses mentioned under factory efficiency.
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How to improve on these factors is not known yet. This research will focus on the factory efficiency

at Bottling Line 2 of Grolsch.

The question Grolsch asks is: "How can we improve the factory efficiency of Line 227

1.3 Core problem identification

The main goal Grolsch envisions is the improvement of the factory efficiency since it is expected
there is a lot to gain there. The standard processes that are of high importance to this are,

according to Grolsch (from the Data Warehouse and Packaging Department):

e Cleaning
e Changeover
e Starting up and shutting down (at the beginning and end of the week respectively)

e Planned maintenance

The core problem identification is illustrated in Figure 1.2. After some conversations with
Grolsch employees, it came up that there are no brewery-wide standard procedures. One reason
is that there are different machines at every line and each machine operates differently. Not only
is every line within the brewery different, at every line multiple different teams operate. Due to
this fact, these procedures are carried out in different ways by different people. Furthermore, the
duration of the changeover, differs from time to time. This variance in changeover time makes
it very hard for the planners who have to make a weekly production schedule since they have
no precise estimate of how long these changeovers take. These planners use operating standards
that might not be on point, which leads to stops being either too long or too short, which both
negatively influences the results of the planning. The term ’operating standards’ is used within
Grolsch to refer to the standard time a changeover is expected to take.

Another observed problem is the communication between operators at the line. It might happen
that one operator has already finished the changeover at his/her machine, but other operators are
not aware of this. This would lead to unnecessary waiting and therefore lost production time.

Other moments the machine stops are due to maintenance at the line, during which there can be
no production. However, too little maintenance would lead to even more stops and lost production
time. Maintenance planning is an essential aspect regarding factory efficiency.

Figure 1.2 illustrates the factors of importance. Here, the overarching problem, a sub-optimal
FE, is marked with a red border and the main problems leading to this are has an orange border.

The problem on top, the changeover, is chosen as main topic for this research as this enables
the most useful results. This is based on both the problem analysis and advice from Grolsch.

According to Grolsch maintenance and machine performance should be left out of the scope.

1.4 Problem Solving Approach

The approach to improving the factory efficiency and being able to give a well-educated advice
consist of multiple steps. These steps are globally in chronological order; however, there is a
continuous cycle between the first stages as collecting and analysing different types of data are

relevant at many moments.
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Changeoversare

Different notstandardized

planningeach 7
i 4 / optimal
Crew hasto Changeovers are Changeover time
perform different notoptimal varies
task every week
— — v
Communication Human mistakes Start-up time Planning cannot
within the crew is » are made {e.g. » - be as efficient as
hard (due to noise labels not el possible
and large area) outlined) |
Service stops due 1 Production time
Not working at
toother  —» “m"l‘l"’s; e is lost
processes ThereforeFEis
* | notoptimal
Standstill " Maintenance

(planned)

Figure 1.2: Core Problem Identification

Understanding the process The first step is to thoroughly understand how changeovers work
and what processes take place. Observing the changeover, interviewing relevant employees and

reviewing available documentation enables this understanding.

Observation Observing the changeovers at Line 2 was done multiple times as it was mentioned
that every shift executes the changeover slightly different, leading to different performances. Keep-
ing track of what actions are performed, by whom, how long they take and in what order tasks are
carried out enables a good view of the changeover. Making as many comments as possible enables

objective comparisons of the multiple observations.

Interviews The operators working at the line experience the changeovers every day and therefore
provide valuable insights. These interviews also provide a good opportunity to verify theories and
hypotheses and collect information about them. In situations where observations are not sufficient

to fully understand the changeover, unclarities are addressed in an interview.

Analyse Data After collecting various types and an extensive amount of data, analysis can
start. Within this data, we see where the most time is lost, where the most time is to be won and
what can be learned from other lines and teams. Best practices for all elements of a changeover

can be determined and analysed.

Applying literature Devising a proper advice for the changeovers at Line 2 requires a deep
understanding of the changeover process and lean techniques. Lean techniques in general will help
to understand efficiency improvements and the literature research about topics as Single Minute
Exchange of Die (SMED) can be applied to the results found by observing, interviewing and

analysing.

Constructing advice When all data is collected and analysed, we use this to devise a better

changeover strategy for Line 2. This advice will incorporate everything from the theory out of the
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literature to the data collected on the work floor at Grolsch. This advice should have concrete

recommendations to improve the changeover that are realistically applicable.

Deliverables The data analysis of the performance of Line 2, together with documented best
practices and, of course, advice on how to improve the factory efficiency at Line 2 at Grolsch will be
one of the deliverables. The findings in the literature and their applicability to Line 2 at Grolsch,

that can be extended to other lines and companies, are also included in the report.

1.5 Report Structure

The problem-solving approach mentioned will serve as the basis for this report. Each chapter
will provide insights into the problem and work towards solutions and improvements. Table 1.1
displays the structure of this report and an overview of the sub-questions that will be answered
in each chapter. Each chapter will feature a short introduction to improve the readability and

understanding of the chapter.

Chapter Contents

Chapter 1 | Introduction to the problem and the company

Chapter 2 | What is the current situation at Grolsch?

What does the production process at Grolsch look like?
What are moments that the line does not produce?
How does a changeover work?

What is the current changeover performance?

Chapter 3 | What literature that is relevant to this research is available?
What is the lean methodology?

What is known about changeover improvements?

Is there literature available that is applicable to this case?

What is known about sustainability in regard to changeover improvements?

Chapter 4 | What are the main results of the observations?
How is a changeover conducted at the line?
What activities can be converted from internal to external?

Which other procedures can be improved to achieve a faster changeover?

Chapter 5 | What would be the best strategy for Grolsch?

How can Grolsch improve on the changeover performance of Line 27

Chapter 6 | Conclusion and Discussion

Table 1.1: Structure of this report
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Chapter 2

Current Situation

This chapter provides a detailed overview of the current situation at Grolsch. First, we look at the
entire production process that takes place at Grolsch, after which we zoom in to the bottling line
and discuss the stops of Line 2. Then we look at the procedures at the line and the sustainability
performance. We then look at the way changeovers are conducted in the current situation. After
that, the performance of these changeovers is evaluated, comparing the performance over SKUs

and comparing the actual time it took to the expected time.

Contents

2.1  Production process at Grolsch

2.2 Allowed stops and areas of interest
2.3 Operational Procedures

2.4 Sustainability

2.5 Operation and Changeover

2.6 Changeover performance

2.7 Changeover performance per category

2.1 Production process at Grolsch

This section describes the production process at Grolsch, from brewing the beer to shipping it to

the buyers.

2.1.1 Brewing

Beer consists of 4 main ingredients: barley, hops, yeast, and water. The first step in brewing
consists of cleaning the barley and allowing germination. Since barley is a grain, soaking it in
water for some days and leaving it dry afterwards will start germination. This process will ensure
the availability of the required proteins and enzymes. The barley seeds are then heated up to stop
the germination process and to roaster them. A higher temperature here, will result in darker
seeds and therefore, darker beer. After the seeds are dry, they get crushed to separate the useful
inside from the outside that has no further use in the brewing process. Next, the barley is soaked

in warm water for about an hour to enable enzymes to transform parts of the barley into sugar.

7
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The water is then drained, leaving a sticky and sweet mash that is called wort.

The wort is then boiled for 2-3 hours while hops are added. The boiling enables the extraction
of hop flavours and deactivates the enzymes. After this, the hops and proteins are filtered out and
the fermentation takes place. A yeast that is unique for Grolsch beer, then transforms the sugars
into alcohol and CO2. After this, the product is stored in large tanks for some weeks, allowing the
yeast and resin to sink. This will lead to a clear product that can be stored. After the primary
fermentation, the beer is transferred to the so-called bright beer tanks where it is stored until it is

bottled. In these tanks, the beer further clarifies and matures.

2.1.2 Bottling line

At the bottling line, there is a supply of bottles and crates from the warehouse, both new and
return bottles arrive here. At the beginning of the line, bottles are taken out of the crates, and
both are cleaned. Empty bottles are inspected to see whether they are still safe to use. These
bottles then arrive at the filler, just like the beer that is guided there as well. Pipelines from the
bright beer tank guide the required beer to the filler. Here the bottles are filled, and crown caps
are placed on the bottles. After the bottles are pasteurized and labelled, they are packed in the

required configuration and leave the line in crates.

2.1.3 Warehouse

In the warehouse, both empty and full bottles and crates are stored. Trucks deliver crates with
empty bottles collected from consumers and these crates are supplied to the right bottling line
when needed. The crates with full bottles are picked up at these lines when a pallet of crates is
filled and trucks deliver these new crates to the buyers. The safety stock per product ranges from

four days to six weeks.

2.2 Allowed stops and areas of interest

Since we aim to improve the factory efficiency, the focus is to minimize the time spent on allowed
stops. We analyse these allowed stops for the period between July 2018 and June 2019. Figure 2.1
shows the data for the allowed stops during these months. In this section, we discuss the different
kinds of stops.

As can be seen, the most significant contribution to the time spent on allowed stops is the
cleaning process. Since the cleaning is standardized (with standard programs) and should be done
very precisely and well due to hygienic standards and requirements, this process is left out of the
scope.

In the weekends there is no production, therefore every Friday the lines are shut down, and on
Monday they are started up again. These times are represented by the shutdown and the start-up
time, respectively. The start-up and shutdown times that occur during changeovers are included
in the changeover and not classified separately. Like the cleaning, these start-up and shut down
times at the beginning and end of the week are assumed to be fixed in this research.

Some minor loss (in this period 0.16%) occurs as a result of team changes that take more time

than usual.
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ALLOWED STOPS Change packaging

8.27%

Shut down time
20.29%

Change beer
13.69%

Startup time
13.92%

Team change
0.16%

Cleaning/ sterilization
of product
31.27%

Figure 2.1: Allowed stops between July 2018 and June 2019

The three elevated part in the chart are all sub-categories of 'changeovers’, which in total
accounts for 34.37% of the allowed stops. Improving the changeover time will lead to a reduction
in the time spent on allowed stops. Therefore this will lead to an increased factory efficiency, which
is what Grolsch aims to achieve. To see whether an improvement in changeover time is possible,
the performance concerning these allowed stops is analysed.

We can see in Figure 2.1 that there are three kinds of changeover stops. Changeovers concern
different types of beer, packaging or THT /Batch (THT stand for 'tenminste houdbaar tot’, Dutch
for "best before’).

The central aspect of the beer change is the actual change of beer, but next to this, there is
always a CIP (Cleaning in Place) executed to clean the tanks. Within a change of package (or
container) the same beer in the same bottle is packed in another fashion, for example, packing
radlers in six-packs instead of crates. The THT /Batch code is used in scenarios when there is a
need for a small gap on the production line to distinguish between different batches of the same
beer. This could be the case for promotional campaigns, where some beers might have various

labels, caps or something alike.

2.3 Operational Procedures

In this section, we discuss the current procedures in place at Line 2. We discuss the way teams

work during the week, the standard procedures and the capacity strategy.
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2.3.1 Shifts

A team of operators operates a bottling line. Every 8 hours the team changes, with the same team
working on the same part of the day for a week. The next week, all teams get a new shift, this
is the shift that is before their previous shift (i.e. morning-shift changes to night-shift, night to
afternoon, and afternoon to morning). So in three weeks, all three shifts have been covered by
a team, and the cycle starts over again. A team always works at the same line and is therefore
familiar with the workings and procedures of this specific bottling line.

There are seven different roles at the production line where each team member knows what
to do. Most team members have one position they are trained for, while some might have the
skills to operate on two or more positions. One team member has a free role in assisting where
necessary. There are workplaces at the (de-)stacker, bottle washer, filler, labeller, crate checker,
packer and the free role. The operator at the (de-)stacker position works near the mechanical arms
that handle the pallets of crates going in and out of the bottling line, while the operator at the
crate checker position works near the crate washer and bottle inspector.

Figure 2.2 shows an overview of the layout of the bottling line. The positions are located at

the corresponding machine.

Pasteurization |— Bottle washer

Empty
Bottle

Inspector j

Labeler

Filler & (Etima)
Capper

9 Bottles! From Crate Packer
# Crates Washer

Figure 2.2: Layout of Line 2 at Grolsch

Crate Wash To
rate Washer Packer

Empty
crates (and
bottles)
from
warehouse

Destacker
Empty
crates

Take bottles
from crate

Stacker

Full crates Full crates

- to

warehouse

2.3.2 Standard procedures

For Line 2, there are no documented standard procedures. Other lines do have such documents,
but as an operator of Line 2 mentioned: ”it is all in our heads”. This is an interesting situation
since multiple shifts are working on the same line every day. In the current situation, this could
lead to inconsistent changeovers due to differences in practices. One operator mentioned that he
spends the first part of the shift on fixing problems of the previous shift. An effort was made in

the past to design such a standardized document, however, this project was never finished due
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to unforeseen circumstances regarding the leading person within this project (K. Mayar, personal
communication, July 9, 2019). The documents created before this were examined, in combination

with conversations with operators, to get acquainted with the changeovers as executed at Line 2.

2.3.3 Buffer Strategy

Within the production of Line 2, the capacities of the different machines are based on the so-
called buffer strategy. This means that the bottleneck machine (in this case the filler) should be
operational as much as possible. The machines just before and after the filler have a higher capacity
to ensure the filler does not stop because there is no supply of empty bottles on one hand or a full
line in front of the filler on the other. Hérte (1997) referenced to the graphical representation of
this as the V-graph. An example of a V-graph of a bottling line can be seen in Figure 2.3. It is
not possible for other machines to compensate for lost production time on the bottleneck machine;

therefore these losses directly result in total production losses.

Machine
capaciiy

Machine

Defoil
machine
Pasteuriser
Labelling
Packing
Palletiser
Shrink-foil

Depalletiser
Rinser/Filler

Figure 2.3: A V-graph of a bottling line, from Héarte (1997)

2.4 Sustainability

Globally, and within Grolsch, it should be taken into account that sustainability plays an increas-
ingly bigger role in the processes. Therefore one of the main targets for improving the sustainability
of the brewery in 2019 is further improving the efficiency of the production lines and optimizing
the bottle- and crate washing machines. Currently, numerous sustainability indicators serve as im-
portant KPIs. These include total heat produced, total electricity consumed, total water used and
the total energy in the process. The KPI performance values are based on the performance in the

past and the desired improvements. These four factors are measured and evaluated continuously.

2.5 Operation and Changeover

Between the SKUs produced at Line 2, there are different adjustments required in the bottling line
when changing from the production of one to another. A changeover consist out of a combination

of changes at the following aspects of the bottling line:
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e Filler & Capper

Crate and bottle input
e Labeler

e Packer

The product combination between which the changeover is conducted determine the presence
and duration of the different changeover elements. The changeover time that is taken into account
when scheduling production is calculated based on operating standards. These are pre-defined
timespans in which particular actions should be completed. The next sections highlight these

machines that are points of interest during a changeover.

2.5.1 Filler and capper

Operational This part of the bottling line is responsible for filling the bottles with the right
type of beer and closing them with the corresponding crown cap. Bottles enter the filler on a line
where a star wheel (Figure 2.4) picks them up and places them in the filling wheel. After one
round in this wheel, the bottles are filled and then go through the capper. The bottles now move

on to the next step in the process.

Figure 2.4: An example of a star wheel

Changeover There are either one or two steps that have to be completed to convert the filler
from one product to the other, depending on the type of bottles used. The execution of a CIP is
independent of the type of changeover; the CIP always takes place. However, the duration and
type of CIP does vary. When the new beer uses another bottle than the previous, the star wheel
has to be replaced with one corresponding with the dimensions of the new bottle. Twice per 24
hours, the filler needs to be cleaned with a gel. Operators try to combine this with a changeover

to minimize the time lost on this. Figure 2.5 illustrates this changeover.

2.5.2 Crates and bottles

Operational The different SKUs produced at Line 2 use three kinds of bottles, the Kornuit-
bottle, the Grolsch-bottle (internally called the Apollo-bottle) and the BNR-bottle. The first two
refer to the corresponding beer that is filled in them, while the latter stands for ” Bruine Nederlandse
Retourfles”, Brown Dutch Return bottle, a standardized bottle for the Dutch beer market.

Five different types of crates transport the beers: crates for Radler, for Grolsch pilsner, for

Kornuit pilsner, for De Klok pilsner and a crate for all the other types of beer. Empty bottles are
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Figure 2.5: The changeover procedure at the filler

taken out of the crate, after which the crate goes through a washing machine, is filled with full
bottles and transported back into the warehouse.

The route of the crates is a lot shorter than the route the bottles take, and involves fewer steps.
Since the crate process is a lot quicker, the first crates of a new batch arrive at the packer before the
first filled bottles. The first empty crates are stacked on pallets and transported to the warehouse.
These crates are replaced on the line when the end of a batch is near. At that moment the last
bottles will arrive at the packer and need to be put into a crate. This is illustrated in Figure 2.6.
In general, there are a factor 20-30 more bottles present on the line compared to the capacity of

the crates present on the line at the same moment.

Bottle process
(washing, filling etc.)

Crate process
(washing)

Packer

Empty

crates (and Bottles 9 Full crates
bottles) to

from Crates » warehouse

warehouse

Figure 2.6: Schematic display of the bottle and crate processes

Changeover When a new SKU requires a different type of bottle, and therefore crates, the
entire bottling line has to run empty. The reason for this is that the different bottle types come in
different crates, and there is only a capacity of about 250 crates from the point where the bottles
are taken out to where they are filled with full bottles again. The empty crates that were stacked
on pallets should be used before the new bottles and crates are put onto the line. Otherwise, the

bottles of the previous batch would end up in the crates of the next batch.
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New bottles Since customers do not always return bottles, for example due to breaking, there
might not be enough return bottles. In this case, new bottles will be used. These are taken from
pallets near the pasteurizer and transported to the bottle washer. Here, these bottles mix with
the return bottles. The number of new bottles put into circulation is shown in the confidential

Appendix.

2.5.3 Labeling machine (Etima)

Operational This machine glues one or more labels onto the filled bottles. On Grolsch and
Kornuit bottles, only one label is placed on the neck of the bottle, while on BNR, bottles, three
labels are placed; on the neck, front and back of the bottle. Labels are placed using rotating stamps

that apply the labels, and brushes that fold the label around the bottle.

Changeover When there is a changeover between a Grolsch and a Kornuit bottle, the changeover
entails replacing the old labels with the labels of the new product and adjusting the machine to
the size of the new bottle. When there is a changeover to or from the BNR-bottle, there are two
additional sets of stamps and brushes that have to be placed or removed to accommodate for the
extra labels on this bottle. Parts that are removed during the changeover are cleaned and glue
residue is removed by rinsing the parts on the floor using hot water. These parts are then placed

on the so-called changeover car and driven to storage. This procedure is illustrated in Figure 2.7.

(" Replace
stamps,
I—) brushes and Adjust position
Yes labels at neck
\___position ___/
- - r
: Changeover Place right
Clear line of old between Grolsch sz;vesa“ stamps, I  —
B & Kornuit? > Pe, brushes and removed parts
abels and A parts
From brushes labels :_'l.t neck to storage
\_ \___position

Remove Place right stamps,

A\ To_y,| stamps, labels brushes and labels

00, o By and brushes at at neck, front and
neck position back position

Figure 2.7: Changeover procedure at the labeler

2.5.4 Multi-packer

Operation When all bottles are filled and labelled, the multi-packer ensures that the bottles
end up in a crate in the right way. As it name suggests, it can pack the bottles in different
configurations. Bottles can either be packed loose in a crate or packed in a carton as a six-pack.
These six-packs are also stored in crates in the warehouse. So at the end of the line, bottles are
always in crates. There are two parallel paths in the machine; one for six-packs and one for the

loose bottles.

Changeover The packer is the last part of the bottling line where the changeover occurs since

this can only start when all the bottles of the previous batch are packed in crates. It is not possible
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to change parts in one path while the other path is running, so the machine has to stand still for
the parts to be replaced. When changing the bottle type, the clamps that picks up the bottles
from the line need to be changed. If the new product is packed in a six-pack configuration, there

should be cartons supplied to the machine so that these will fold over and under the six bottles.

2.6 Changeover performance

The vast amount of data that Grolsch collects enables an analysis of the changeover performance.
The exact start and end times of changeovers are not present in the data, so these are extracted
manually. The start of the changeover is defined as: the first moment the line stops and the
classification is changeover related (all stops are classified in the data warehouse). The end is
defined as: the moment the last step was finished, and the line started running again (most of the
time after the beer arrived at the filler). We use the data from the months April, May and June
2019. Some changeovers that were in the data were left out of the analysis as there were external
factors that influenced the changeover (e.g. beer was brewed too late and not yet ready), which
made the data unfit for analysis regarding the changeover performance.

We compare the actual time it took to complete the changeover to the time the planning
department expected it to take. The planning department uses the operating standards to account
for the time the changeover takes. Figure 2.8 depicts the performance of the changeovers over the

period from the beginning of April until the beginning of July 2019.

Changeover Performance from April 2 to July 3

120%

100%

-60%

-80%
1-Apr-19 1-May-19 1-Jun-19 1-Jul-19

Figure 2.8: Changeover performance over a three-month period, the blue line is the average

On average, the changeovers take 13% more time than expected, this is shown by the blue line
in Figure 2.8 In this figure we see that all the changeover performances differ from the expectations,
the average of the absolute differences is 29.7%. So the average changeover the average changeover
time deviates 29.7% from the expected time, the operating standard.

Operating standards define the expected changeover time, so grouping the performances by
the expected time gives an overview of which changeover perform better or worse than expected.
Figure 2.9 shows this analysis. During the 3 month period, 25 changeovers of 3 hours or more took

place. However, in consultation with the packaging manager at Grolsch, it was determined that
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this period was rather chaotic regarding the planning and on a yearly base there are about 75 of

these changeovers.

Performance grouped by planned duration
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Figure 2.9: Changeover performance compared to planned duration

An interesting observation is that the changeovers with a planned duration of 105 or 150 minutes
all take longer than expected, while all changeovers with an expected duration of 180 minutes are
executed in less time.

The total changeover time is equal to the longest duration of a sub-step. For example in the
case of a changeover that is planned to take 180 minutes, this is due to the fact that the operating

standard at the packer for a changeover from 24 bottles loose in a crate to six-pack is 180 minutes.

2.7 Changeover performance per category

Product categories were devised according to the type of bottle, crate and package configuration.
These factors influence the changeover procedure and should, therefore, be considered separately.
The SKUs in each category are listed in Appendix ?7.

Product categories can be interesting if there is a constant over- or underperformance since
operating standards should then be adjusted, or when there is a significant difference between the
best and worst performance. In the last case, the changeover is not executed consistently, and
there might be room for improvement there. The changeovers were filtered to the categories where
a performance difference of at least 25% was visible; a significant impact that was determined
together with the supervisors at Grolsch. Figure 2.10 illustrates the difference in changeover
performance. The different changeovers are listed as 'from-to’, so AKE-ASPe means a changeover
from category AKE to category ASPe. Remarkable is the fact that changeovers between the same
categories of product often deviate quite a bit from the planning (e.g. ASPe-ASPe, BSPi-BSPi).
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Chapter 3

Literature Study

This chapter starts with the literature that is currently available about lean strategies and change-
overs. After this, we look at changeover improvement methodologies, and then we link literature
about sustainability to changeover improvements. Next, we elaborate on relevant cases, and we

conclude with a final overview of our findings.

Contents

3.1 The lean methodology

3.2 Changeover improvement methodologies
3.3 Sustainability

3.4 Relevant cases

3.5 Concluding overview

3.1 The lean methodology

When talking about process improvements, the term ’lean’ inevitably arises. It is a methodology
developed by Taiichi Ohno while working at Toyota and described by MIT-researcher Krafcik
who coined the term lean (Krafcik, 1988). The complete method was then described in detail by
Womack et al. (1990).

The lean methodology focuses on waste reduction in the production chain (Fullerton and
Wempe, 2009; Poppendieck, 2011). In this context waste refers to steps that are not required
to complete the process and do not add value. An essential aspect of this methodology is that ev-
ery step in the production process should add value and that responsibilities should be transferred
to the people directly involved (Dahlgaard and Dahlgaard-Park, 2006). Specialist tasks that do
not add immediate value should be assigned to the production workers, as that eliminates the need
for a dedicated specialist that does not add value. By shifting the decision-making and problem-
solving processes to the ‘people on the floor’, these teams are empowered to spot problems when
they occur and act accordingly (Bowen and Youngdahl, 1998).

A significant outcome of the implementation of the lean methodology is that it can combine
both mass-production practices and specialized, flexible production practices. By using general-

purpose machines to create multiple unique products, it enables a wide variety of product output,
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while still maintaining high production speeds (Bowen and Youngdahl, 1998).

Within the lean methodology, there are seven types of waste classified: overproduction, inven-
tory, waiting, motion, transportation, rework and excess processing (Hines and Rich, 1997; Shingo
and Dillon, 1989). Each of these wastes is generated in a different part of the production process.
The waste classified as ‘waiting’ is created, amongst others, by changeovers. When changeovers
take place, there is a period in which no production (value-adding) takes place, and workers wait
for the changeover to finish (Hicks, 2007). In the next sections, we review the literature regarding

changeover improvements.

3.2 Changeover improvement methodologies

When looking for literature on changeover improvements, every article is mainly about Single
Minute Exchange of Die (SMED). This lean methodology is widely spread across the world and
applied to various industries, and within the search for articles regarding changeover improvement,
this was the only method we found. Some studies touch upon the importance of certain changeover
aspects, such as the Cleaning In Place procedure (CIP) where operators no longer need to remove
all machine parts to clean, but an automated system takes care of this more efficiently and more
thoroughly (Memisi et al., 2015).

The most crucial aspect that has to be looked at from a theoretical perspective is the general
best practice for a changeover. Of course, every case is unique and even within Grolsch the
changeover at Line 2 completely differs from the changeovers at other lines, but there is a lot of
theory on improving changeovers. Virtually all the theory about changeovers is about the SMED-
methodology (Yash and Nagendra, 2012; McIntosh et al., 2000; Bin Che Ani and Bin Shafei, 2014).
Shingo (1985) created this SMED-methodology for improving changeovers and is much quoted in
literature and business cases.

The most important part of this SMED-methodology is the separation of internal and external
work during the changeover. Internal work can only be executed when the entire process/machine
stands still. External processes can be executed when the machine is still running or when it
is already running again. The SMED-methodology consists of 4 different stages, illustrated in
Figure 3.1. These stages are (Shingo, 1985):

e Stage 0: This is the initial state of the system before any improvement techniques are used.

e Stage 1: In this stage, internal and external activities are separated and only during the

internal steps the machine is not operative.

e Stage 2: In this stage, internal activities should be converted to external activities to reduce

the amount of time the machine needs to stop production.

e Stage 3: Improving all the activities and processes (internal and external) by simplifying and

streamlining them as much as possible.

Next to transforming internal activities to external activities, McIntosh et al. (2000) argue that

fundamental design changes within the process can be of equal or more significance. However, in
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Changeover duration before SMED o Stage
Run-down setup Run-up
Separate
Convert 2
Streamline 3
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Full Production of Changeover duration Full production of internal
product A after SMED product B D activities

Figure 3.1: An illustration of the implementation of SMED, adapted from Lopes et al. (2015)

this research, fundamentally altering the layout and design of the bottling line is not a realistic
option.
Yash and Nagendra (2012) conducted an extensive literature review on the principles of SMED,

and the following conclusive points are provided:

e Maximum SMED-effectiveness requires training and awareness throughout the organization,
from top to bottom.

e SMED can be applied to any industry

e Visual controls and 5S can help improve the power of SMED (The 5S methodology creates
and maintains a well organized, clean, high quality and highly efficient workplace (Michalska
and Szewieczek, 2007))

e Lean tools, such as SMED, should be combined with other improvement techniques for
maximum efficiency. For example with computer methods and statistical analysis (Trovinger
and Bohn, 2005; Alves and Tenera, 2009).

e Implementation of SMED leads, next to mechanical improvements, to procedural and organ-

isational improvements and a reduction of the required human resources.

Constant monitoring and control are also mentioned as essential to good implantation of change-
over improvements and are also vital to the sustainability of the improvements (Bin Che Ani and
Bin Shafei, 2014).

3.3 Sustainability

Waste reduction, one of the main concepts of lean production (King and Lenox, 2000), intuitively

could lead to a more sustainable production. Fliedner (2008) mentions that less time spent on
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changeover leads to lower energy and resource needs, an improvement in sustainability that can
be attributed directly to SMED.

Within the production processes, a lot of steps consume energy even when paused. Some parts
of the production line have to be kept at certain temperatures, which consumes energy even when
there is no production. Reducing the time between products would lead to a more productive
process with less waiting, and therefore a more sustainable production (Fliedner, 2008; Vinodh
et al., 2011)

Improving sustainability has become an important part of the business model of present-day
companies. Not only due to regulations and customer pressure, as Kaebernick et al. (2003) shows
that using lean methods to eliminate waste in the production process enables the growth of business

value.

3.4 Relevant cases

Application to the beverage industry seems to be relatively new territory for the SMED method-
ology. In our search we found some papers on optimizing the performance of a bottling line using
simulation tools (Moerman et al., 2006; Sel et al., 2015), however, there was only one article found
about the application of SMED to a bottling line (Lopes et al., 2015). In this section, we will first
look at what was found to be important within the beverage industry, then we look at case-studies
from the food industry that contain useful and applicable information, and we conclude this section

by distilling general points of interest out of these (case) studies.

3.4.1 Beverage industry literature

Lopes et al. (2015) define some important factors concerning the changeover processes they ana-

lyzed at a beverage producing company.

e Well documented changeover procedure

Well trained operators

Standardized procedure

Coordination during changeovers

e Availability of the correct tools needed during a changeover

Moerman et al. (2006) showed, with a simulation study, that focusing on the changeovers at
a bottling line can lead to significant improvements. However, there was no mention of how to
achieve this improvement. The factor mentioned by Lopes et al. (2015) can be applied to the
bottling lines at Grolsch in this research. This research will expand the body of knowledge since

there is not a lot of recent literature on the appliance of SMED to bottling lines.

3.4.2 Food industry literature

In the food processing industry, it was proven that applying SMED could lead to significant
improvements (Gélova, 2018). In this case study, the focus point of the study was determined by
analysing all stop types and changeovers; from this analysis, it was determined which changeover

presented a valuable opportunity to improve.
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Some aspects should be taken into account regarding changeovers in this particular sector. It
is essential to consider that the cleaning processes are essential in the food industry and can take
up to 25% of the time (Fryer et al., 2013). The same importance of cleaning is expected in the

beverage industry.

3.4.3 General points of interest

One should also take into account that it is indicated that changeovers present a significant en-
vironmental and economic burden for companies in the personal care, food and drink industries
(Gungor and Evans, 2018). The reason for this is that a lot of time, and therefore money, is spent
on changeovers. The environmental aspects were also outlined in the previous section. Designing a
protocol for cleaning and changeovers is semi-empirical, due to the unique nature of every process
(Fryer et al., 2013). Therefore it is important to observe changeovers to create advice tailored to

the production environment it applies to.

3.5 Concluding overview

When all research is combined, some key points regarding changeover improvements can be de-
ducted. These are summarized in Table 3.1. In this table, the main concepts regarding the imple-
mentation requirements, results and important remarks regarding the Single Minute Exchange of

Die method and changeover improvement are listed.

An improved changeover

Well documented changeover procedure

Well trained operators

Standardized procedure

Implementation requirements | Coordination during changeovers

Availability of the correct tools

Training and awareness throughout the organization

Constant monitoring and control of implementation

Mechanical, procedural and organizational improvements and a

Results reduction in the required manpower

Lower energy and resource needs

SMED can be applied to any industry
Remarks Visual controls and 5S can help improve the power of SMED

Lean tools, such as SMED, should be combined with other lean

tool for maximum efficiency

Table 3.1: Summary of literature findings
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Chapter 4

Results

This chapter analyses the changeover process and possible improvements. First, we identify the
most interesting observations made, after which we identify and separate the internal and external
activities. Next, we identify internal activities that can be converted into external activities. Then
we look at possible streamlining options for Line 2. This chapter end with a conclusion regarding

the presented results.

Contents

4.1 Changeover observations

4.2 Separating activities

4.3 Converting internal activities
4.4  Streamline activities

4.5 Conclusions

4.1 Changeover observations

Observation of three distinct changeovers enables diverse data gathering over different teams. The
most useful changeovers to observe are the changeovers where all elements of the production line
need adjusting. In this case all separate changeover elements are present and can be studied. The
observation sheets are added as confidential Appendices.

Within these changeovers, there were interesting observations made, the following key points

that influence changeover performance were identified.

4.1.1 Multipacker already adjusted

Within the changeovers, the multipacker usually takes a long time to change from the loose con-
figuration to a six-pack configuration, while the other way around does not take that much time.
To shorten changeover time, preparations for the next changeover are already executed when this
changeover goes from six-pack to loose. This way, the next changeover takes less time. This is
a best practice currently applied during some changeovers, this method should be used whenever

there is the possibility.

25



26 CHAPTER 4. RESULTS

4.1.2 Communication not optimal

During the observations, it happened on multiple occasions that actions could have been performed
earlier, but the operator was unaware of the actions and progress of other operators. For example
in the changeover of 17 July, the operator at the filler waited with requesting the beer because he
thought the bottles would still take some time to leave the bottle washer, however, these were in
the washer for quite some time already. The request could have been made twenty minutes earlier,
in this case the filler was not working during this time. During the changeover of 6 August, the
crates that were supplied from the warehouse were standing there untouched for twenty minutes

because the inexperienced operator did not know he could put them on the line already.

4.1.3 Waiting for bottles at the filler

In the V-shape production setup (see Subsection 2.3.3), the bottleneck machine must be producing
most of the time. At Grolsch, the bottleneck machine is the filler and this machine should be
stopped as little as possible. During the CIP and the request for beer the filler has to stand still
as it cannot produce while these tasks are performed. However, after these actions are performed,
the filler was idle during both of the observed changeovers (40 minutes & 2 hours and 43 minutes).
The only reason the filler is not working during this time is the fact that there is no input of empty

bottles.

4.1.4 Sustainability

On the part of sustainability, there are some improvements visible. Machines that keep on running
even if there is no need for it for quite a while. For example, the mechanical arm that takes bottles
out of the crates when they enter the line was performing this operation on empty crates for about
2.5 hours. This served no purpose and added no value to the production line. On these occasions,

this machine could have been set to not moving.

4.1.5 Etima

The duration of the changeover at the Etima (label machine) was quite long during both the obser-
vations. There are quite some improvements possible on this part. However, during the observed
changeovers, the changeover at the Etima never was the bottleneck for the entire changeover, as
other parts took longer than the changeover at the Etima. When other solutions are implemented
to reduce changeover time, there is time to win at the Etima as well. The calibration test did
slow down the production process, as this was done while there were bottles waiting in front of the
machine. Nevertheless, an operator mentioned (in an interview) that this calibration could only
partially take place before that. This because the glue distribution can only be confirmed when
there are quite some bottles that have passed the Etima. This led to a start-up speed of about

half the average production speed.
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4.2 Separating activities

During the observations, the activities were classified as internal or external, this was done in
the observation sheets. One of the main principles of SMED is the identification of the type of
activities. The internal and external activities should be separated to enable efficient changeover.

The main external activities that were observed were:

e Retrieve new labels and place them near Etima
e Retrieve changeover cart for the Etima
e Retrieve new star wheels and place them near the filler

e Bringing new crown caps to the line with a forklift

These were not always performed before the changeover started. For example, during the change-
over of August 6, the changeover cart for the Etima was fetched when the Etima was already
stopped. This way, the external activity was executed between internal activities. By separating
these activities, and performing the external activities while the line is still running, less time is

wasted during the actual changeover.

4.3 Converting internal activities

Applying SMED and improving changeover performance includes the conversion of internal activ-
ities to external activities. During the changeover observations, it was indicated which activities
classify as internal. These activities have been analyzed based on their potential to be converted
from internal to external activities. The activities that might be converted are listed in Table 4.1
on the next page.

As can be seen in this table, these conversions focus on the Etima. During the observations,
there were multiple possible improvements for this machine observed. At the filler most processes
are automated, and at the packer the changeover was done beforehand. Improving the changeover
at the Etima would improve the changeover performance of the line in general. However, it should
be noted that the Etima is not always the major bottleneck and therefore other improvements

should be explored as well. This is done in the next section.

4.4 Streamline activities

When internal activities are converted to external, the most time in a changeover is gained by
streamlining the current process. Within the changeover observations, and after talking to multi-
ple operators at the line, one major issue arose regarding the general changeover procedure: the
flow of empty bottles to the filler. Most of the time the filler is ready after the CIP and beer
request and has to wait for the new bottles to arrive at the filler. Important to note is that this
is the case during the longest changeover, where the complete configuration of the new product is
different than the previous product. The supply of bottles to the filler is a main point of interest

with room for improvement.
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Details

Storing Etima
stickers for later

use

Yes

At this moment, the stickers are stored while the change-
over is in progress. The stickers are counted and the in-
ventory levels are updated. This could be done after the
changeover is finished. In that case the labels only have to

be put away for later use during the changeover.

Cleaning Etima

parts

Yes

During the observations parts that were taken of the ma-
chine were cleaned before the new labels were put into place.
By postponing the cleaning tasks, it is possible to first pre-

pare the machine for the next batch.

Getting the right
tools and

necessities

Yes

Multiple times during the changeover, operators go and get
some tools that they could have taken earlier. For instance

the changeover carts, crown cap crate and new labels.

Testing the label
calibration at the

Etima

Partially

Monitoring the placement of the newly inserted labels takes
place when the new batch of bottles has already reached the
Etima. Using different methods to test this would enable
the calibration to be done before the bottles arrive at the
Etima. However, whether the glue dispenser is working

properly can only be tested when the line is running.

Cleaning the inside

of the EBI, filler

and Etima

No

Cleaning of these machines (removing caps, glue or broken
glass) can only be done while there is no production. This

is due to safety constraints and accessibility.

Replacing machine

parts at the filler

and Etima

No

The parts that are replaced during a changeover are in use
while the production is running. It is not possible to replace

these without stopping the machine.

Table 4.1: Convertible internal activities

4.4.1 New bottle usage

As can be seen in Figure 4.1, the filler has to wait a considerable amount of time after the CIP and

the request for beer are completed. As soon these processes are completed it can start to fill bottles

again, however, there are no empty bottles at this machine yet. Since the filler is the machine at

the lowest point in the capacity graph of the bottling line, this machine should experience minimal

downtime. These gaps between CIP and filling only occur during certain changeovers, in these

cases the changeover time would significantly decrease when the filler is active sooner after the

CIP. The gap in time between the CIP and the request for beer is a period in which no production

takes place and no value is added.
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Figure 4.1: Tllustration of the changeover process during a changeover with an acid & alkaline CIP
(observed August 15)

To decrease changeover time in these situations, new bottles could be used specifically during
these changeovers. If there would be bottles at the filler when the filler completes the CIP, in this
case there would be a 45-minute increase in production time. This would require 45 minutes worth
of bottles. In this new situation the filler is not standing still while waiting for the arrival of the

return bottles. This is illustrated in Figure 4.2
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Figure 4.2: Illustration of the same changeover process when using the 'new-bottle’-strategy

4.5 Conclusions

As observed, there are some flaws in the changeover procedures. Observations identified room
for improvement at the Etima and the filler, while there was also a possible improvement on the
topic of sustainability. We also identified best practices regarding the multipacker that was already
changed over to the next product during multiple observations. Table 4.1 lists the activities during
a changeover and whether they are suitable to be converted. We concluded with a new policy
regarding the use of new bottles in the process that could lead to a great reduction in changeover

time. In the next chapter these results will be converted into recommendations to Grolsch.
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Chapter 5

Recommendations

In this chapter the results from the previous chapters will be converted into recommendations for
the company Grolsch on how to improve the factory efficiency. These recommendations are made

on the topics of converting activities, a new bottle policy and the topic of sustainability.

Contents

5.1 External activities
5.2 New bottle policy

5.3 Sustainability

5.1 External activities

As mentioned in Section 4.3, there are some internal activities that can be converted to exter-
nal activities during the changeover. The following activities are currently executed as internal
activities, while transforming them into external activities will, ultimately, lead to an improved

changeover efficiency.

5.1.1 Preparing for the changeover at the Etima

Action Since it was observed that preparing for the changeover is not always done correctly,
operators should be reminded of the fact that they need to prepare the changeover in advance. Even
though the use of changeover carts was implemented in production routines, during the observed
changeovers there were moment the operators went to get these while the machine was not running
anymore. This is an example of the importance of sustaining changeover improvements. The new
labels should also be near the Etima before the changeover starts, as this is also not always the

case.

Expected benefit Each action that is executed before the changeover saves time. So therefore,
converting internal activities to external improves the changeover at the Etima. The savings are

shown in Table 5.1. These savings are based on both conversations with operators and observations.
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Item to retrieve before changeover ‘ Time saved in minutes

Etima Changeover cart | 4 minutes

New labels | 2 minutes

Table 5.1: Expected improvement

5.1.2 Storing the Etima labels

Action At this moment, the Etima labels that remain after a production batch, are stored
during the changeover. These labels are counted and wrapped before they are placed in the box.
By putting these labels aside and doing the counting and storing after the changeover is complete,

the changeover can be executed quicker.

Expected Benefit The time that is currently spent on storing the labels differs per changeover,
as it is dependent on the number of remaining labels. However, each changeover approximately 3
to 5 minutes are spent on the counting and storing of the labels. Taking this out of the changeover

process, thus speeds up the changeover.

5.1.3 Cleaning Etima parts

Action Cleaning the parts of the Etima that are covered in glue, before they are put away on
the changeover cart should be done after the entire Etima changeover is finished. This is not yet

done consistently and therefore time is lost during this cleaning.

Expected Benefit For this improvement it is harder to define an exact number of minutes that
would be the result of this. The reason for this is that the cleaning is only partially done during
the changeover now. It is hard to pinpoint an exact improvement, however, there are definitely

some minutes to gain.

5.1.4 Calibrating the Etima

Action By using test bottles to check the label alignment after the replacement of different Etima
parts, this can be done before all the bottles arrive at the Etima. These test bottles can either be

dummy-bottles or real bottles that are taken out of the production process.

Expected Benefit This improvement converts the time that is normally used to test the cali-
bration from internal to external. This testing can take up to 5 minutes. Now the operator can

immediately start the production at the Etima at a 'warm-up speed’ to the the glue distribution.

5.2 New bottle policy

Action The policy on new bottle usage should also be considered for optimal changeover im-
provement. Using new bottles during a changeover eliminates the time that the filler is waiting
for bottles. During these changeovers new bottles should be used in such a fashion that they will

bridge the gap between when the filler is ready and when the first return bottles arrive.

Expected Benefit The potential time savings of this policy differ per changeover, since this

is dependent on multiple factors that differ in time per changeover. The most significant savings
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can be achieved in changeover towards the Apollo-bottle, the reason for this is that the number
of new Apollo-bottles used per month at Line 2 is a lot higher than the number of new Kornuit
and BNR-bottles. Therefore, the changeovers to Apollo bottles can make use of this strategy
more. However, we can design a formula that applies to all changeovers. Regardless of what
changeover we consider, there are 3 elements that always take place: Cleaning the filler, the CIP
and requesting the beer. Gelling the filler only happens during a part of the changeovers. When
we consider these elements we have the minimal required changeover time. Subtracting this from

the total changeover time (operating standard) gives the potential saving that can be achieved.
Saving = Operating Standard— Filler cleaning time—C'I P time— Request beer— Potential gelling

During the observed changeovers this could have saved a significant amount of time, shown in
Table 5.2. During the changeover at August 6, there would have been an improvement, however, it
is not possible to determine the extent of this improvement due to some malfunctions that occurred
during this changeover. During the 3 months that were observed, 25 changeovers of 3 hours or
more took place, these months were considered chaotic in terms of planning. Therefore, the total
per year is expected to be below this average. This new policy would save about 40 minutes per

changeover.

Observed Changeover | Potential time saving

July 17 | 35 minutes
August 6 | Not possible to determine due to breakdown

August 15 | 45 minutes

Table 5.2: Potential savings using the 'new-bottle’ strategy

5.3 Sustainability

On the topic of sustainability there is also an improvement possible, this especially on the topic
of saving electricity. It was observed that during the phase in which empty crates are put on the
line (explained in Subsection 2.5.2), the machine that removes bottles from the crates was still
operational and working. This mechanical arm was still making the movement associated with
removing the bottles from the crate, while the crates were empty. This movement is unnecessary
during this phase. It is advised to look into the possibility of preventing this machine to work

during this phase.
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Chapter 6

Conclusion and Discussion

In this chapter the main points of this research are summarized, this will be done in Section 6.1.
There is also room to discuss the issues that were encountered during the research as well as
potential improvements that could have been made to the method. These are covered in Section 6.2.

The last section identifies interesting topics for further research.

Contents

6.1 Conclusion
6.2 Discussion

6.3 Further Research

6.1 Conclusion

We started this research by defining the core problem of the current situation at Grolsch. Ini-
tially, we found that the performance of Line 2 was below what was believed to be possible. The
performance in this case refers to the so-called factory efficiency, the ratio of productive time to
the total time that is paid for. During the core problem identification we found that sub-optimal
changeovers affected the performance significantly. The improvement of these changeovers was,
therefore, determined to be the focus of this research.

The analysis of the current situation in Chapter 2 mapped the operational and changeover
activities currently in place at Line 2. To obtain a scientific basis for our improvement, literature
regarding the process of changeovers was collected in Chapter 3. Results of the observation, SMED
and the research were presented in Chapter 4 and the proposed improvements were listed in Chapter
5.

The improvements given in Chapter 5 can be divided in three categories. Advice is given on

the following topics:

e Possible conversions from internal to external
e New bottle policy
e Sustainability

Implementing these changes within the production process at Grolsch will lead to quicker

changeovers and therefore increased efficiency of Bottling Line 2.
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Regarding the conversion of activities from internal to external the most important aspects
were during the preparation of the changeover, when operators should make sure that they have
the changeover cart and the labels ready for the upcoming changeover.

Another activity that can be executed as external activity is the cleaning of the Etima parts.
The glue residues are now cleaned while the changeover is in progress, however, this is also possible

to do when the rest of the changeover is finished.

We also discussed a new policy regarding the use of new bottles. This new policy, if implemented
correctly, has significant potential regarding the efficiency of the changeovers and the bottling line
in general. Instead of just using these bottles at 'random’ moments, it would save a vast amount
of time if these bottles were used at specific moments during the changeovers. The new bottles
should be used to bridge the time between the moment the filler is ready and the arrival of the
first return bottles at the filler. The potential savings of this method are given by the following

formula:
Saving = Operating Standard— Filler cleaning time—C'I P time— Request beer— Potential gelling

In the observed changeovers, this policy would have led to over 30 minutes of extra production

time.

The sustainability aspect of the bottling line during the changeover was also observed and
one major issue and potential improvement stood out. One very large machine, a mechanical
arm, is operating while this is not necessary for a significant part of the changeover. This leads
to unnecessary use of electricity. Turning this machine off or putting it on standby would be an
improvement to the sustainability of the production line and would contribute to the sustainability

goals that are set for the entire production process of Grolsch.

6.2 Discussion

In this section, we discuss factors that might have influenced the results and what could have been

done differently.

6.2.1 Observations

The importance of observations in this research was significant. In this research, 3 changeovers
have been observed and logged. In a more extensive research, it would be wise to observe more
changeovers to account for the fact that different teams might execute various changeovers in a
slightly different fashion. However, in the course of this research there were quite some production
issues that resulted in Line 2 standing still for a significant portion of this research (more than a
week in the middle of this research).

During these observations there might have been small details that have been overlooked that
could have been interesting and important to the research. It is also important to note that as
with all observations, the importance of actions is in the eye of the beholder. In an ideal scenario
every activity, no matter how small, of an operator would be logged. However, in this research

there were not enough means and time to observe in this fashion.
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6.2.2 Changeover duration from data

In the data collection, the changeover times were not directly present in the data. Assumption
were made (based on advice of Grolsch employees) which stop-classifications were assigned with
the beginning of the changeover and which one signalled the end of the changeover. If there would
be a more extensive research focused on changeovers at Grolsch, one could create a system were

operators indicate the start and end of a changeover.

6.2.3 Type of Changeover

In this research the observations focused on the largest changeovers in which all elements that
could occur during a changeover were present. However, one part of the changeover might not
represent a bottleneck during a changeover that takes this long, while being a major bottleneck in
a short changeover.

During the research there were some factors outside the scope that were noticed and that might

have positive influence on the performance of the packaging lines at the Grolsch brewery.

6.3 Further Research

This research also identifies possible directions for future research within Grolsch. The main points

that would benefit from extra research are listed and explained below.

6.3.1 Re-evaluate Operating standards

It would be wise to re-evaluate the operating standards that are currently used in the production
planning. Currently there are some changeovers that constantly over- or underperform in regard to
the expected changeover time. Re-evaluating these standards would lead to more realistic planning

and therefore a more optimal use of the available resources.

6.3.2 Setting machines to stand-by

It was observed that some machines do no always add value or sometimes perform unnecessary
activities during the production time. Looking into the possibilities to set these machines on a
stand-by mode or turning them off altogether might be an interesting approach to save energy and

therefore money.



38

CHAPTER 6. CONCLUSION AND DISCUSSION



Bibliography

Alves, A. S. and Tenera, A. (2009). Improving smed in the automotive industry: A case study. In
POMS 20th Annual Conference Orlando, Florid USA, Mayl to May, volume 4. 21

Bin Che Ani, M. N. and Bin Shafei, M. S. S. (2014). The effectiveness of the single minute exchange
of die (SMED) technique for the productivity improvement. 20, 21

Bowen, D. E. and Youngdahl, W. E. (1998). ”Lean” service: In defense of a production-line
approach. International Journal of Service Industry Management, 9(3):207-225. 19, 20

Dahlgaard, J. J. and Dahlgaard-Park, S. M. (2006). Lean production, six sigma quality, TQM and
company culture. TQM Magazine, 18(3):263-281. 19

Fliedner, G. (2008). Many organizations have found that implementing lean concepts and tools re-
sults in improvements in environmental performance, even when lean activities were not initiated

for environmental reasons. pages 3321-3326. 21, 22

Fryer, P. J., Robbins, P. T.; and Asteriadou, I. K. (2013). Current Knowledge in Hygienic Design:
Can We Minimise Fouling and Speed Cleaning? In Food Engineering Series, volume 1, pages
209-227. Elsevier Srl. 23

Fullerton, R. R. and Wempe, W. F. (2009). Lean manufacturing, non-financial performance mea-
sures, and financial performance. International Journal of Operations and Production Manage-
ment, 29(3):214-240. 19

Gaélovd, K. (2018). Changeover Time Reduction Through Lean Tool “Smed” — a Case Study From
Food Sector. In Hyblova, M., editor, 14TH ANNUAL INTERNATIONAL BATA CONFER-
ENCE FOR PH.D. STUDENTS AND YOUNG RESEARCHERS (DOKBAT), page 103, NAM
T G MASARYKA 5555, ZLIN, 760 01, CZECH REPUBLIC. TOMAS BATA UNIV ZLIN. 22

Grolsch, K. (2019). Koninklijke grolsch, sustainability & corporate social responsibil-
ity summary for 2018.  https://www.royalgrolsch.com/sites/default/files/50489_
Grolsch-DVO-PDF-NonClickable-Engels-V8.pdf. 1

Gungor, Z. E. and Evans, S. (2018). Understanding the hidden cost and identifying the root causes
of changeover impacts. Journal of Cleaner Production, 167:1138-1147. 23

Hicks, B. J. (2007). Lean information management: Understanding and eliminating waste. Inter-
national Journal of Information Management, 27(4):233-249. 20

Hines, P. and Rich, N. (1997). The seven value stream mapping tools. International Journal of
Operations and Production Management, 17(1):46-64. 20

Harte, F. (1997). Efficiency analysis of packaging lines. Delft University Press. 11

39


https://www.royalgrolsch.com/sites/default/files/50489_Grolsch-DVO-PDF-NonClickable-Engels-V8.pdf
https://www.royalgrolsch.com/sites/default/files/50489_Grolsch-DVO-PDF-NonClickable-Engels-V8.pdf

40 BIBLIOGRAPHY

Kaebernick, H., Kara, S., and Sun, M. (2003). Sustainable product development and manufacturing
by considering environmental requirements. Robotics and Computer-Integrated Manufacturing,
19(6):461-468. 22

King, A. A. and Lenox, M. J. (2000). Lean and Green? an Empirical Examination of the Rela-
tionship Between Lean Production and Environmental Performance. Production and Operations
Management, 10(3):244-256. 21

Krafcik, J. F. (1988). Triumph of the lean production system. MIT Sloan Management Review,
30(1):41. 19

Lopes, R. B., Freitas, F., and Sousa, I. (2015). Application of lean manufacturing tools in the food
and beverage industries. Journal of Technology Management and Innovation, 10(3):120-130. 21,
22

McIntosh, R. I., Culley, S. J., Mileham, A. R., and Owen, G. W. (2000). A critical evaluation
of Shingo’s ‘SMED’ (Single Minute Exchange of Die) methodology. International Journal of
Production Research, 38(11):2377-2395. 20

Memisi, N., Moracanin, S. V., Milijasevic, M., Babic, J., and Djukic, D. (2015). Cip cleaning
processes in the dairy industry. Procedia Food Science, 5:184 — 186. The 58th International
Meat Industry Conference (MeatCon2015). 20

Michalska, J. and Szewieczek, D. (2007). The 5s methodology as a tool for improving the orga-
nization. Journal of Achievements in Materials and Manufacturing Engineering, 24(2):211-214.
21

Moerman, S., Ottjes, J., Gorsira, M., and Lodewijks, G. (2006). Line availability and material
synchronization in liquid packing lines: A simulation study. In Genco, A and Gentile, A and
Sorce, S., editor, 4TH INTERNATIONAL INDUSTRIAL SIMULATION CONFERENCE 2006,
number 1, pages 431+, GHENT UNIV, COUPURE LINKS 653, GHENT, B-9000, BELGIUM.
AEKI; CREAX; Ghent Univ; ENSAIT; TU Ilmenau; ICAR CNR; UPV, EUROSIS. 22

Poppendieck, M. (2011). Principles of lean thinking. IT Management Select, pages 1-7. 19

Sel, C., Bilgen, B., Bloemhof-Ruwaard, J. M., and van der Vorst, J. G. A. J. (2015). Multi-
bucket optimization for integrated planning and scheduling in the perishable dairy supply chain.
COMPUTERS & CHEMICAL ENGINEERING, 77:59-73. 22

Shingo, S. (1985). A Revolution in Manufacturing: The SMED System. A Revolution in Manu-
facturing: The SMED System. 20

Shingo, S. and Dillon, A. P. (1989). A study of the Toyota production system: From an Industrial
Engineering Viewpoint. CRC Press. 20

Trovinger, S. C. and Bohn, R. E. (2005). Setup time reduction for electronics assembly: Combining
simple (smed) and it-based methods. Production and operations management, 14(2):205-217.
21



BIBLIOGRAPHY 41

Vinodh, S., Arvind, K. R., and Somanaathan, M. (2011). Tools and techniques for enabling
sustainability through lean initiatives. Clean Technologies and Environmental Policy, 13(3):469—
479. 22

Womack, J. P., Jones, D. T., and Roos, D. (1990). Machine that changed the world. Simon and
Schuster. 19

Yash, D. and Nagendra, S. (2012). Single Minute Exchange of Dies: Literature Review. Interna-
tional Journal of Lean Thinking, 3(2):27-37. 20, 21



	Preface
	Management Summary
	Glossary
	Introduction
	Introduction to Grolsch
	Management Problem
	Core problem identification
	Problem Solving Approach
	Report Structure

	Current Situation
	Production process at Grolsch
	Allowed stops and areas of interest
	Operational Procedures
	Sustainability
	Operation and Changeover
	Changeover performance
	Changeover performance per category

	Literature Study
	The lean methodology
	Changeover improvement methodologies
	Sustainability
	Relevant cases
	Concluding overview

	Results
	Changeover observations
	Separating activities
	Converting internal activities
	Streamline activities
	Conclusions

	Recommendations
	External activities
	New bottle policy
	Sustainability

	Conclusion and Discussion
	Conclusion
	Discussion
	Further Research


