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Abstract:

This report is made in collaboration with
Bentax A/S and investigates improvements
of possible waste areas of their production
line for producing and packaging coffee.
The initial problem analysis examined the
material flow and the processes the coffee
beans underwent during production. The
Value Stream Map analysis showed poten-
tial waste in refilling the silos and in the
packaging process itself, with the packag-
ing process incurring slightly more time-
related waste. To reduce time-related waste
in the packaging process, a problem state-
ment was created, with requirements de-
veloped in close collaboration with Bentax
to determine what is wanted in a possible
solution. These requirements were trans-
lated into design specifications using the
House of Quality method and later used, to-
gether with a functionality tree, to conduct
a morphological analysis. The proposed so-
lution uses a robotic arm to package bags
into boxes, fully automating the packaging
process. The solution is actualized with a
demonstrator that could package the bags
using a vacuum gripper, but could only
achieve 1/3 of the packaging speed of man-
ual labor.
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0.1 Preface

This report is submitted as a master’s thesis project in manufacturing technology, worth 30
ECTS points. It has been developed in collaboration with Bentax A/S. The primary focus
of the project is analyzing a coffee production setup to identify potential waste areas and
develop solutions to reduce that waste. References are formatted to APA style, including the
author’s name and publication year within the text. Figures in the report are cited by chapter
and order of appearance. The project has been written using the following programs:

1. Overleaf Latex for writing the report.
2. MATLARB for creating charts.
3. Draw.io for creating figures.
4. Microsoft Photos for cropping and blurring photos.
5. Microsoft PowerPoint for creating process flow charts and figures.
6. Microsoft Visio for creating figures.
7. Microsoft Excel for data handling.
8. Mindmeister for creating mind maps.
9. SolidWorks for creating CAD models.
10. Arduino IDE for coding the Arduino used in the scale.
11. Bambu Studio to create 3D prints.
12. Visual Studio Code for coding the UR5 robot arm from the computer.
13. PolyScope 5 for coding the UR5 robot arm from the teach pendant.

The following Al programs were used in this report: ChatGPT assisted with brainstorming
ideas and identifying programming errors in Visual Studio Code and Arduino IDE. Addition-
ally, Grammarly was employed to enhance the writing by correcting grammar, restructuring

sentences, and improving vocabulary.

We would like to express our appreciation to Dimitris Chrysostomou, our supervisor, for his
invaluable support via email and in meetings. His guidance has been instrumental in helping
our project group develop and refine our ideas. Furthermore, we would to thank Bentax for
their collaboration and helpful guidance during the project period. Lastly, we would like to
thank the RobotLab staff for their guidance and help with creating the demonstrator.
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1 Introduction

Bentax is a Danish, family-run company based in Svenstrup J. They are a nationwide sup-
plier of coffee, coffee machines, and coffee makers to businesses, including cafes, restaurants,
hotels, and of ces. Bentax was created in 2004 and currently employs around 70 employ-
ees. The business's function lies in an all-around, full-service concept. Bentax not only sells
coffee machines but also advises customers on the correct equipment and installation, and
provides maintenance and technical service through its nationwide network of service tech-
nicians (Bentax, 2026c).

Bentax operates Denmark'’s third-largest coffee roastery, where it roasts and packages coffee
beans. In addition to its own roasted coffee, Bentax offers a variety of teas, instant coffee,
cocoa, and related items. The roasting facility produces and packages around 2,000 kg of
roasted coffee beans daily (Appendix A.1). Currently, Bentax roasts over 300,000 kg of coffee
beans annually and offers over 100 blends and bag-size combinations (Appendix A.2). How-
ever, Bentax expects an increase in yearly production and product mix while utilizing the
same production area.

Bentax has reached out to Aalborg University with a desire to increase the ef ciency of their
production by implementing a higher degree of automation. This leads to the main focus of
this report being the roasting and packaging facility, where the current production process
will be analyzed to identify opportunities for automation, leading to the following initial
problem statement:

How is the current production line at Bentax structured, and how is their range of products produced?

This initiates the following problem analysis.






2 Problem Analysis

This chapter expounds upon the initial problem as the coffee production at Bentax is detailed
and analyzed. This is achieved by exploring the production sequence and material ow
throughout production, observing the current production setup, and using process analysis
methods to highlight areas of interest.

2.1 Product Description

Bentax produces 20 different blends and stocks 13 kinds of green coffee beans at the produc-
tion facility in Svenstrup J. The nal product is either packaged under Bentax's own label or
under clients' white-label in bags ranging from 55g to 1000g. An example of the products is
shown in Figure 2.1.

(a) Whole Bean 1000g  (b) Ground 1000g bag (c) Assorted white-labeled bags

Figure 2.1: Examples of products and packaging. Picture a and ¢ sourced from (Bentax, 2026a).

The product range consists mainly of blends of whole-roasted beans, with only a few variants
available as ground coffee (Bentax, 2026a). As mentioned, Bentax offers white-labeling of its
coffee blends, meaning the same coffee can be packaged in multiple bags or foils. The majority
of white-labeled products are packaged in pre-made bags, with the label applied manually
by operators. These bags are also lled manually as they are not compatible with Bentax's
automated packaging machines. The number of pre-made bags and foil in use for product
packaging is listed in Table 2.1.

Pre-made Bag Whole Bean Foil Ground Bean Foll
Currently 14 7 3
Near future 8-10 8-10 3-5

Table 2.1: Number of packaging variants for the roasted coffee at Bentax, excluding labels (Bentax, 2026b).

As shown in the table, the foil differs between the whole-bean and ground-bean versions.
This is because they are packaged on separate packaging machines that do not use the same
type of foil. When inquiring about the number of product packaging variants Bentax uses, it
was revealed that they are considering switching from pre-made bags to a more automated
option.
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Bentax provided historical production data spanning from March 1, 2025, to March 1, 2026,
covering the total weight of roasted beans and the total number of bags produced. The
information is found in Appendix A.2 and is summarized in Table 2.2. "Primary Package

Variation" refers to the different combinations of foils and labels Bentax produces.

Categories Production

Kg Roasted Beans 319,568
Total Boxes 40,898
Total Bags 375,805
Primary Package Variations 125

Table 2.2: Data from Appendix A.2 summarized into totals.

To illustrate the production distribution of the different primary packaging types, a bubble
chart is shown in Figure 2.2. Note that the size of the bubbles is based on the number of bags
produced and not the mass of the coffee.

Figure 2.2: Bubble chart of the number of coffee bags packaged of each variant, sorted into groups based on bag
weight.

The vast majority of the coffee produced is packaged in 1000g bags, where most variants are
located. There is also a great variation in 250g bags, but the number of bags produced is
smaller than the 1000g bags. The 250g bags are also the only size that consists entirely of
pre-made bags, meaning that each bag is hand- lled. The 65¢g bags show a high sales count
with no variation. The time spent on the remaining weight groups is only a fraction of the
total production time. Table 2.3 shows the number of sold variants of each bag size, along
with what type of coffee is packed within the bags and how many bags have been produced.
Additionally, the table lists the number of bags per box, as Bentax uses only one cardboard
box size for secondary packaging.
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Bag Sizes Sold Variants Bean Type Produced Number of Bags in a Box

1000g 68 Whole + Ground 302,493 8
5009 10 Whole + Ground 11,343 5;15
4009 4 Ground 11,598 20
2509 39 Whole 10,961 5;10; 30
200g 1 Ground 10,840 35
659 1 Ground 24,162 80 ; 100
55¢g 2 Ground 4,408 80 ; 100

Table 2.3: The number of sold variants, bean type, amount of bags produced, and quantity of bags within a box
based on bag size. Data is based on Appendix A.2.

Again, the table shows that the 10009 coffee bag size accounts for the vast majority of the total
bags produced and is consistent with the number of bags per box, which is always eight.

2.2 Shop Floor Layout

The shop oor layout at Bentax was measured manually using a laser distance meter. These
measurements are used to create a 2D gure of the shop oor illustrated in Figure 2.3:

Figure 2.3: The current shop oor at Bentax. The grid size is set to 1m?

The illustration in Figure 2.3 provides an overview of the layout of each machine and the
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coffee silos, as well as the available space. Starting to the right of Figure 2.3, three roasters
are placed along the wall. The large roaster is the Loring S70 Peregrine, which can handle 14
to 70 kg of coffee per batch (Loring, 2026b), and the small roaster is the Loring S35 Kerstel,
with a roasting capacity of 7 to 35 kg per batch (Loring, 2026a). All the roasters are coupled
to the silo labeled "Roasted Silos" by a network of vacuum pipes hoisted along the ceiling.
From the roasted bean silos, beans can be transferred either to the bean packager or to the
miller. The whole-bean packer is an ICA CSV40 vertical packing machine that uses a con-
veyor belt to transfer the lled bags to the area labeled "Box Packager 2". The small roaster
is also coupled to the ne packaging station, where pre-made bags are manually packaged.
When Bentax produces ground coffee, the miller is used. Like the whole-bean packer, the
ground-bean packing machine transfers the lled bags to the packing station via a conveyor.
The packaging of grounded coffee is conducted at the area labeled "Box Packager 1".

In the bottom right corner of the shop oor are the silos. In the area labeled "Silos" are eight

1m?® plastic silos lined up along the wall. In the area labeled "Extra Silos", there are three
silo racks with raw coffee big bags mounted directly on top. To the left in Figure 2.3, the

storage area includes a set of shelves designed to hold various machine parts and foils, which
may be needed depending on the packaging weight and customer requirements. The row
labeled "Extra Storage" consists of seven big bags lined up on the shop oor. Some of these
bags contain beans that are not typically used in blends, so operators manually scoop the
beans into the weighing wagon directly from the bags rather than using the silos. The rest

of the extra storage is the bean storage used for re lling silos. Next to the extra storage is
the silo re ller and coffee shaker. These machines are on wheels and are moved around de-
pending on whether they are needed for use or to make space when packaging ground coffee.

As mentioned, there are three different packaging areas, and with the data from Appendix
A.2, it can be quanti ed where most coffee bags are packed. This data is listed in Table 2.4.

Packing Machine  Variants Bags Produced Percentage of Total Bags
Whole Bean 39 246,769 66%
Ground 16 105,424 28%
Hand Packed 70 23,612 6%

Table 2.4: Distribution of production at the different packing stations. Data based on Appendix A.2.

The table shows that 66% of all bags produced at Bentax are packed by the whole-bean
packing machine. When sorting the data in Appendix A.2, only the 1000g whole-bean bags

were tagged as packed by the whole-bean packing machine. Contrary to that, the ground

bean packing machine packed 28% of all bags produced that year in all the bag sizes that
ground beans are offered in. Lastly, the table shows that hand-packed bags accounted for
only 6% of total bags produced and had by far the largest variety of variants.
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2.2.1 Relling of the Silos

The silo re ller and coffee shaker are used to re Il the eight silos that store the popular beans.
These machines can be repositioned on the shop oor to access the silos. When a big bag is
placed above the coffee shaker, the beans are transported by vibration to a conveyor belt that
lifts them into the silos, as illustrated in Figure 2.4.

(a) Silos where beans are stored (b) Utilizing a silo re ller and a shaker to re Il a silo

Figure 2.4: The gure showcases the silos where beans are stored (a), and the process of re lling a silo with a silo
re ller and coffee shaker (b).

In the case of silos furthest to the corner requiring a re ll, the "Box Packager 2" in Figure 2.3
is moved to make place for the silo re ller and coffee shaker. This requires the packaging
process to halt while the re lling is in process. The extra silos beside the large roaster are
three big bags on stands, which are re lled by switching the empty big bag with a lled one.
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2.3 Production Process Flow

This section will describe the production process ow observed at Bentax. The production
process ow is visualized in Figure 2.5 for roasting and packaging whole-bean coffee.

Figure 2.5: Process ow of the production of whole coffee bean bags.

The production starts with mixing a blend of the required beans, speci ed by a roast log, in

a weighing wagon. The roast log speci es the number of batches required to ful Il the order

and the weight of each bean type to achieve the desired blend. When the blend is weighed
and approved, the weighing wagons are transferred to a roasting machine, where a hose is
coupled to the wagon. The hose uses a vacuum to transfer the beans from the wagon to
a silo above the roasting chamber, where they rest while the chamber heats to the desired
temperature. When the chamber is heated up, the beans drop from the silo, and the roasting
program starts. Depending on the blend, the duration of the roasting program varies: the

shortest roast takes about nine minutes, while the longest takes just under 14 minutes. When
the roasting program is complete, the discharge door opens automatically, and the beans
are poured from the chamber into a cooling tray, where a cooling program is initiated. The

cooling tray keeps rotating the beans to achieve the desired cooling as the program runs for
seven minutes, regardless of the blend or amount (Bentax, 2026b). When the cooling program
concludes, the beans are automatically poured into a container coupled to a standby silo via
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a vacuum. The beans in the standby silo rest until an operator manually selects them to be
vacuumed into the roasted bean silos. This selection is performed manually because there
are two roasted bean silos and three standby silos, one for each roaster. So an operator is
required to select which roasted bean silo the beans are due to be transferred to, and from
which standby silo they should be transferred from via vacuum. From the roasted bean
silo, the beans are then transported into the packaging machine. The packaging machine
is con gured for the desired bag weight, the foil to be used, and the labels to be printed. A
conveyor belt transports the produced bags to a rotating tray, where one operator places them
into boxes. The boxes are manually erected and labeled before the bags are packaged. When
a box is lled, a sealing machine tapes it shut, and the box is placed on a pallet.

2.4 Production Planning

Forecasting and production planning are essential methods for analyzing production at Ben-
tax. The company primarily relies on forecasts because beans are ordered by harvest season,
requiring notifying suppliers within a speci c time frame. The forecasts are primarily for or-
dering beans from the supplier and occasionally for the amount to roast and package. When
customers order coffee from Bentax, their order might already be ready in the warehouse,
as predicted by the forecast. Still, some custom orders can take up to 10 days from order to
delivery. This is made possible by the production planning process, which runs daily and ad-
justs orders from previous days. The production planning relies on making products in bulk,
which means producing one thing for a day, and so on. Making products in bulk lessens the
number of stations needed, and also the number of re lls for different silos (Bentax, 2026b).

For production planning, a roast log is provided to operators at the start of each day. An
example of a roast log is illustrated in Figure 2.6, dated January 9, 2026.

Figure 2.6: The roasting log from January 9, 2026, for the Loring S70 Peregrine. The brown rectangle highlights
the product and the batch count. The red rectangle describes the total green weight required to achieve the order.
The blue rectangle highlights the beans required for the blend, and the green rectangle highlights the total weight
after roast. (Bentax, 2026b).
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Referring to Figure 2.6, the brown rectangle highlights the coffee type planned for roasting,
along with the roast date and batch Il weight. A tally count indicates the current number of
batches weighed. The red rectangle displays the total weight of green beans required for the
roast and the total number of batches for the order. The tally count in the brown rectangle
matches the number of batches, con rming that the order is ful lled.

The blue rectangle details the beans required for the blend and the total weight of each bean
type. On the right side of the rectangle, the weight is doubled because two roasting machines
were used, each with its own roast log. The two roast logs are manually added together at
the end of the day.

Lastly, the green rectangle illustrates the total weight of the beans after roasting, the bags'
weight required for the order, and the total number of boxes to accomplish the order. The
total amount of roasted coffee is crossed out, as the roast for both machines is noted, similar
to the blue rectangle. The total number of boxes for each machine is set to 120, for a total of
240 for both machines. However, it is noted that 245 boxes were produced, resulting in ve
extra boxes. Additionally, four bags and 17509 of extra coffee are produced. This is caused
by the unknown weight reduction during roasting, so more green beans are always used to
account for this loss. The roasting logs for a whole work week, January 5, 2026, to January 9,
2026, have been acquired and are listed in Appendix A.1.

According to the roast logs for that week, all of the days recorded used both of the large
roasting machines, while only two days utilized the smaller roasting machine in combination.
All these days involved 1000g bags. The highest number of 1000g bags produced in a single
day was on January 9, 2026, with a total of 1964 bags. A summary of the production for the
said week is presented in Table 2.5.

Date 5/1 5/1 6/1 6/1 6/1 7/1 7/1 8/1 8/1 9/1
Blend ADRZ  ADR NE ADE@ NE ADRZ ADEQ | AWI9E AW19R AR
Bag Foil 1 1000g 1000g | 1000g 1000g 1000g | 1000g 1000g | 1000g 1000g | 1000g
4 Boxes1 | 141(1) 142(6) | 142(5) 61 2 20 202 127(6) 82(6) | 245(4)
a Bags 1 1129 1142 1141 480 16 161 1616 1022 662 1964
Bag Foil 2 250g 250g 2509 10009

& Boxes 2 12 6 12 80

a4 Bags 2 120 30 120 640

Roast Total | 1129kg 1142kg| 1141kg 518kg 23.6kg| 190kg 1616kg| 1662kg 662kg | 1964kg

Table 2.5: Overview of the production between January 05, 2026, and January 09, 2026

The table presents an overview of the data from the acquired roast logs. It shows the variation
in foils, with the bag weight, that were produced. The "

number of boxes produced, while the " §

Q

Boxes" rows indicate the total

Bags" row re ects the number of bags produced

to ful ll the order. Finally, the "Roast Total" row shows the total weight of roasted beans

achieved each day.
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2.5 Process Analysis

In this section, a process analysis will be conducted of the production observed at Bentax, with
a focus on whole-bean roasting and packaging. This is because only whole-bean production
was observed, and because it accounts for 66% of all bags produced, as shown in Table 2.4.
The observations are included in Appendix A.3. The analysis will highlight areas of interest
and potential areas for improvement. The analysis will be conducted using Value Stream
Mapping (VSM). VSM is a visual tool used to identify waste and inef ciencies in a company
by analyzing the ow of materials and information in a production process (Mukherjee, 2025).
The analysis employed for the observations will be a simpli ed version of VSM, as only
production will be studied, rather than the full process from customer order to delivery. The
acquired VSM is illustrated in Figure 2.7.

Figure 2.7: VSM made from observations of production, from silo re lling to packaging of the roasted whole
beans coffee bags. All the timed units are in hours. The runtime is the daily active time of each process. The lead
time for the packing process is set to the time it takes to package one batch of roasted beans. Availability is the
production time available in a day (Machine count times shift length).

Observing the information ow between production control and the actual production pro-
cess revealed that the information ow is mostly manual. All production processes are initi-
ated based on observations from the operators. This includes the operators beginning a silo
re |l when they visually see that the silo is running low, or blending beans for the next batch
when the roasting machine has emptied the weighing wagon. Likewise, the operators must
manually coordinate production processes, such as roasting, bean transfers between stations,
and packaging, by observing the progress of other processes. As described in Section 2.4, the
operator knows what to produce based on printed roast logs. The only automated steps in
the production process are the roasting and cooling cycles, during which the program for the
speci ¢ blend is selected on the roasting machine.
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When considering the lead time, it should be noted that roasting, cooling, and vacuuming
the beans are automated processes that require little to no operator intervention. In contrast,
re lling the silos, weighing the green coffee beans, and packaging the roasted bean bags all
require an operator. It must be noted that the "silo re II" step is not performed every time
a new order is prepared, but only when one or more silos are running low, which happens
once or twice a day. The wait times noted in the VSM are overall very short and therefore not
a main priority.

Observations indicate that the packaging station's total runtime exceeds that of both the silo
re Il and weighing processes. This suggests that a solution is needed to either reduce the
time spent on the initial two processes or to lessen the time spent on packaging, making them
equally ef cient to solve for Bentax. It is important to note that the current VSM represents the
packaging station that handles 1000g coffee bags, which are the largest and quickest to pack.
This is further supported by the packaging station's runtime being 43% of the available time,
whereas with 55¢g coffee bags, this percentage is close to 100% (Bentax, 2026b). Consequently,
the VSM re ects a scenario where the packaging station is under the least pressure. To gain
a deeper understanding, it is necessary to observe and analyze other scenarios. However, a
challenge arises because bag sizes other than 1000g are uncommon and will not be packaged
on the automated primary packaging machines in the rest of the project period, making it
impossible to record data for other bag sizes. Instead, given the notion that smaller bag sizes
take more time to pack, it is assumed that the packaging station is the most time-consuming
process, exhibiting the largest amount of "waste." With this reasoning, the packaging station
is to be further examined.
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2.6 Detailed Packaging Process

This section will further analyze the packaging process in production. This is initially done
by illustrating the process ow speci cally for the packaging process. This process ow is
illustrated in Figure 2.8:

Figure 2.8: Process ow of the packaging process.

The packaging station process begins with the roasted bean silo, where the beans are stored
before packaging. The roasted beans are transported via a vacuum tube to the packaging

machine. The packaging machine automatically assembles coffee bags before the roasted
beans are dropped into them. This assembly is accomplished by heat-treating the corners of

the bags. The heating and lling process takes 4.6s and outputs approximately 13 bags per

minute.

Once lled, the bags fall onto a conveyor belt that moves them towards a piece of tape, which
helps orient the bags correctly along the conveyor. The conveyor belt is 3.6m long, and the
bags spend 8.5s on it, which results in a speed of 0.42m/s. At the end of the conveyor belt, the
bags drop onto a rotating tray where they wait to be packaged into cardboard boxes. A new
bag drops onto the tray every 4.6s. Cardboard boxes are manually assembled, and a company
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sticker is applied, which takes an average of 7.5s. The boxes are then lled with two layers
of four bags each, requiring, on average, 17.2s per layer, or 34.5s in total. An operator closes
the boxes' lids, and the boxes are passed through a sealing machine. This part of the process
takes 5.3s. Finally, boxes are manually placed on a pallet. A full pallet, comprising 40 boxes,
takes approximately 1614s to Il, including the previous processes.

During observations, at least one operator was present to manage box packaging, with an-
other operator occasionally assisting with lling and moving the pallet. The current manual
processes at this station include assembling the boxes, applying the sticker, packaging the
bags, sealing the boxes with tape, and placing them on a pallet. All timings are recorded
manually during observations at Bentax. A listing of said timings is presented in Table 2.6:

Task Seconds
Assemble a box 7.5
Pack rst layer of box 17.2
Pack a box 34.5

Fill a coffee bag 4.6
Conveyor time 8.5

Seal a box 5.3
Palletizing 6.0
Between each bag 4.6

Fill a pallet 1614

Table 2.6: Time table of the processes happening in the packaging station. Note that only the timings for 1000g
bags have been observed.

2.7 Ergonomics and Working Laws

The Danish Working Environment Authority sets legal regulations for manufacturers and
companies to ensure worker safety and prevent bodily harm from musculoskeletal strain and
overload. Manual handling of an object can cause risk to safety or health if the object is
(Beskeeftigelsesministeriet, 2026) :

1. too heavy or big.
2. cumbersome or dif cult to get hold of.
3. in an unstable balance or has a content that can shift around.

A set of physical guidelines for lifting objects is based on the distance from an operator's
spine to the hand and the object's weight. These guidelines are illustrated in Figure 2.9. In
the gure mentioned, the red area is considered dangerous to health, and measures must
be taken immediately to mitigate the risk. The yellow area indicates that a more detailed
assessment of other factors is required to determine whether they worsen the strain, in which
case the lift may be regarded as dangerous to health. The green area is regarded as normally
not damaging to health due to its weight and distance from the torso (Andersen, 2026).
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Figure 2.9: The allowed weight of the object depending on the lifting distance (Andersen, 2026).

If the lift is classi ed in the yellow area in Figure 2.9, it must be further evaluated to determine
if it is a health risk. The lift is classi ed as a risk to an operator's health if one or more of the
following is present (Arbejdstilsynet, 2026):

1. The operator bending his back.

2. The operator rotating his body.

3. The lift is asymmetric.

4. The operator raises his arms during the lift.

If any of these are present, the following should be taken into consideration to determine the
severity of the lift:

* Frequency
1. Low frequency: more than one lift and up to 12 lifts an hour.

2. Moderate frequency: more than 12 and up to 120 lifts an hour.

3. High frequency: more than 120 lifts an hour.

* Duration
1. Short duration: more than one hour and up to four hours a week.

2. Moderate duration: more than four and up to 7.5 hours a week.

3. Long duration: more than 7.5 hours a week.

Based on the aforementioned guidelines, the stacking of boxes onto pallets at Bentax has
been observed to be mainly in the green area, with instances of lifts that can be categorized
as yellow. The lift in the yellow category involves the operator bending his back and rotating
his body, and occurs when he has to place boxes on the pallet in the area furthest from his
position. The frequency and duration of lifts are moderate, with about 40 lifts per hour and

5 hours per week for each worker. This means that, from an ergonomic perspective, it would
also be bene cial to automate the packaging process even more than it currently is.






3 Problem Statement

After analyzing the current production at Bentax, it was determined that the packaging pro-
cess is the most time-consuming in terms of operator hours. Therefore, a problem statement
can be formulated to outline the project scope.

3.1 Problem Statement

As Bentax anticipates growth in production due to increased demand, the company is seeking
an automation solution to meet this demand and reduce waste in its production process. To
address this, a VSM analysis was conducted in Section 2.5, which revealed that the packaging
station experiences the highest level of waste in the current production setup. In light of this
nding, the following problem statement has been formulated:

How can the manual processes in the packaging station be automated?

3.2 Project Scope

With the problem statement formulated, the project scope can be de ned. The project will
primarily focus on the manual processes involved at the packaging station. Currently, these
processes include assembling boxes, packaging the bags, sealing the boxes with tape, and
placing them on a pallet. The assembly, sorting, and palletization of the boxes have been
chosen to be outside the scope of this project. However, these tasks must be addressed to
achieve a workable solution, so their requirements will be included. The project scope is
de ned by a set of requirements, as illustrated in Table 3.1.

A solution must
Be able to handle cardboard box outages
Not damage the bags
Have a check-weighing system
Be able to place and organize the bags in the boxes
Be able to handle the 7 different bag sizes
Be able to handle at least 2 different bag sizes at the same time
Be compatible with a future box erector
Be compatible with the current conveyor system
Be compatible with the current box sealing machine
Be able to place lled boxes on a pallet
Sort boxes by size and warehouse number
Be deployable on the shop oor
Be able to handle the future throughput of bags
Be compatible with the current boxes
Reduce the packaging time
Operational Requirements | Require minimal intervention from the operators
Be user-friendly in case a system error occurs
Economic Factors Have a short payback time

Technical Requirements

Table 3.1: The requirements set up for a potential solution.
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4 Solution Design

The following chapter seeks to resolve the problem statement. This is achieved by de ning the
design speci cations and conducting a literature study to examine existing solutions. Based
on the knowledge obtained from the existing solutions, a morphological analysis will be
carried out to identify the possible solution concepts that best ful Il the design speci cations.
This process concludes with the selection of the most suitable solution concept for further
development.

4.1 House of Quality

With the requirements outlined in Table 3.1, it is now possible to assess their relative im-

portance by assigning scores to each requirement. This evaluation is conducted from an
engineering perspective and includes input from the roast master at Bentax, whose prefer-
ences are crucial in shaping a viable solution. The relative weighted rating is calculated with

a 0.75 weighting factor for Bentax's ratings and a 0.25 weighting factor for the internal ratings.

The ranked requirements are illustrated in Table 4.1.

. Bentax Re- Internal Re_latlve
A solution must . Weighted
calculated Rating .
Rating
Be able to handle cardboard box outages 7 5 6,42%
Not damage the bags 7 9 7,50%
Have a check-weighing system 6 5 5,67%
Be able to place and organize the bags in the boxes 7 8 7,25%
Be able to handle the 7 different bag sizes 7 7 7,08%
Be able to handle at least 2 different bag sizes at the same time 3 3 4,58%
TR Be compatible with a future box erector 7 7 6,92%
Be compatible with the current conveyor system 1 2 1,33%
Be compatible with the current box sealing machine 1 3 1,58%
Be able to place lled boxes on a pallet 7 6 6,83%
Sort boxes by size and warehouse number 5 2 4,25%
Be deployable on the shop oor 7 8 7,33%
Be able to handle the future throughput of bags 7 8 7,17%
Be compatible with the current boxes 3 2 2,83%
Reduce the packaging time 7 7 7,08%
OR | Require minimal intervention from the operators 5 5 5,08%
Be user-friendly in case a system error occurs 6 3 5,17%
EF | Have a short payback time 5 9 5,92%

Table 4.1: The relative weighted requirements, Bentax weight is 0.75 while Internal weight is 0.25. With Technical
Requirements (TR), Operational Requirements (OR), and Economic Factors (EF).

This method has led to the conclusion that the most important requirements are: "Not damage
the bags," "Be deployable on the shop oor," and "Be able to place and organize the bags in the
boxes." It is also worth noting that the requirements "Be compatible with the current conveyor
system" and "Be compatible with the current box sealing machine" are rated as less critical.
This does not mean it is unimportant; rather, it indicates that other requirements are more
important. Speci cally for these compatibility requirements, Bentax states: "We are open to
exploring other forms of equipment; however, if possible, we would like to reuse what we
already have" (Bentax, 2026b).
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4.1.1 Design Speci cations

Chapter 4. Solution Design

As is often the case, the requirements are primarily qualitative, making it challenging to apply
them directly in the concept generation phase. To address this issue, the requirements are
transformed into quantitative design speci cations. The quantitative values used are derived
from observations of the production and packaging of 1000g whole-bean coffee bags, as this
is the only size observed. Each design speci cation is derived from a requirement, though
multiple design speci cations may correspond to the same requirement. This is illustrated in

Table 4.2:

Requirements

Design Speci cations

Be able to handle cardboard box outages

Not damage the bags
Have a check-weighing system

Be able to place and organize the bags in the boxes

Be able to handle the 7 different bag sizes
Be able to handle at least 2 different bag sizes at the
same time

Be compatible with the current conveyor system
Be compatible with the current box sealing machine

Be deployable on the shop oor

Be able to handle the future throughput of bags
Be compatible with the current boxes

Reduce the packaging time

Require minimal intervention from the operators

Be user-friendly in case a system error occurs

Have a short payback time

©CoNO LD R

Initial box detection accuracy: 100%

Activate cue within 1s when no box is present
0 scratches/holes in bags during handling
Weigh boxes to 10g precision

100% correct bag count per box

Package box within 34.5s

Tool switchover within 10 minutes

Detect bag size within 1s, 95% accuracy

2 different handling tools required

. Input channel width and height: 10.5 X 93 cm
. Input speed: 0.42 m/s

Output channel width and height: 64 x 80.5 cm
Transfer lled box to palletizer area within 5.3 s

. Max footprint: 7 x5 m
. Min 5 m from silos

Throughput: 50 bags/min

. Box dimensions: 40 x 30 x 26 cm

Package 40 boxes within 27 min

. Operator present <1/10 of runtime

Error resolution within 10 min
Handling system errors should require 0 external tools

. Payback time <6 years

Table 4.2: Design speci cations made to uphold the requirements from Table 3.1

Note that the requirements "Be compatible with a future box erector”, "Be able to place lled
boxes on a pallet”, and "Sort boxes by size and warehouse number" have no designated design
speci cation, as they are outside the scope. The requirements will instead in uence other
design speci cations through relationships, as shown later in Subsection 4.1.2. To further
detail the design speci cations, a short description for each is given in the following:

1. Initial box detection accuracy 100%:

The system must be capable of detecting the presence of an erected empty box with
100% accuracy. This level of accuracy is crucial as it serves as a safety measure to
prevent errors and product waste during the packaging process.

2. Activate cue within 1 second when no box is present:
The system must alert operators within one second if a box is missing. This design
speci cation aims to prevent machine downtime and packaging errors.

3. Zero scratches/holes in bags during handling:
There should be no product damage during packaging and general transit. The product
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10.

11.

should remain intact and unharmed throughout the packaging process. This is essential
for preserving the product's quality.

. Weigh boxes to 10g precision:

This design speci cation guarantees that the correct weight is achieved after packaging.
Additionally, this can be used to ensure the correct number of bags is in the boxes.
The tolerance is established to ensure that boxes containing smaller bags are weighed
precisely, as the smallest bag in production at Bentax is 55g, as mentioned in Section
2.1.

. 100% correct bag count per box:

The solution must ensure that the correct number of bags is placed in each box. This
is important because different bag sizes require varying counts to ful Il an order, and
the required bag counts vary by blend. These details are illustrated in the roast logs in
Appendix A.1.

. Package box within 34.5 seconds:

This design speci cation aims to ensure the solution can match the current packaging
speed. The 34.5s is determined by the observed time an operator needs to pack one box,
as shown in Table 2.6.

. Tool switchover within 10 minutes:

Each bag size may require a different packaging tool, and switching to another size
should take no more than 10 minutes. This time frame is chosen based on a study
examining the optimal tool switchover time (So a, 2025).

. Detect bag size within 1 second, 99% accuracy:

Bag size is a key factor in the packaging process, as different sizes require different
packaging methods. Additionally, the number of bags per box is in uenced by bag
size. The time frame is based on Bentax's desire to produce 50 bags per minute, while
accuracy is selected based on ndings related to key speci cations for a packaging
machine (Keypackintelligent, 2026).

. Two different handling tools required:

In the case of two different bag sizes being fed into the packaging solution at the same
time, two tools should be able to handle both sizes while maintaining the bags' integrity.

Input channel width and height: 10.5 x 93cm:

The solution should be compatible with the current output channel from the primary
packaging machine. This means that the width and height of the input channel should
be: 10.5 x 93 cm. These measurements are made at Bentax.

Input speed: 0.42 m/s:

The solution must accommodate the current conveyor output speed of 0.42m/s, as speci-
ed in Section 2.6. However, since Bentax is planning to expand production, the solution
should be able to handle higher input speeds to support increased production volumes.
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Output channel width and height: 64 x 80.5 cm:

The output channel must be compatible with the current box-sealing machine. This
means that the output channel of the solution should have a width of 64 cm and a
height of 80.5cm. These measurements are made at Bentax.

Transfer lled box to palletizer area within 5.3 s:

The solution must be able to transfer the lled box to the palletizer area within 5.3s.
This equals the time required to close and seal the box in the current setup. This
measurement is taken from Table 2.6.

Max footprint: 7 x 5 m:

The solution may occupy a maximum area of 7 x 5 meters. This is based on the available
space on the shop oor, while also considering all other equipment that must remain
there. The direct measurements are observed in Figure 2.3.

Minimum 5m from silos:

The solution must accommodate the silo re lling mechanism without requiring a shut-
down. By specifying a minimum distance from the packaging system to the silo of at
least ve meters, it is ensured that the silo re ller can run with minimal interference.
This measurement is observed in Figure 2.3.

Throughput: 50 bags/minute:

The solution must handle a throughput of 50 bags per minute. The packaging solution
must accept inputs from both primary packaging machines and meet future production
capacity. Bentax requests this level of throughput.

Box dimensions: 40 x 30 x 26 cm:

This is the size of the boxes that Bentax currently uses for secondary packaging, which
makes full use of the area of a Euro pallet. The dimensions have been measured at
Bentax.

Package 40 boxes within 27 minutes:

Based on the observations at Bentax, a full order comprises 40 boxes stacked onto a
pallet as mentioned in Section 2.6. Bentax currently lls a full pallet in 27 minutes, as
shown in Table 2.6.

Operator present < 1/10 of runtime:

The solution is designed as an autonomous system requiring minimal operator super-
vision. To ensure this level of automation, operator presence is constrained to less than
1/10 of the total runtime, as supported by a study on the relationship between automa-
tion and operator involvement (Sayako Ueda & Kumada, 2021).

Error resolution within 10 minutes:

The solution is intended to be user-friendly in case an error occurs. For this, 10 minutes
is determined as the maximum time required to locate and x an error. Bentax requests
user-friendly error handling.
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21. Handling system errors should require 0 external tools:
In the event of a system error in the solution, the error should be xable using the tools
already available at Bentax. This means that no external equipment is required for error
handling.

22. Payback time < 6 years
The goal of this solution is to improve the packaging line at Bentax by making it faster
and more ef cient in terms of operator hours. However, investing in such a solution
must be economically reasonable, which is why the payback time is an important con-
sideration. The most common payback time for packaging machines is 12 to 24 months
(Kenwei, 2025). However, based on Bentax's wish, 6 years or less has been chosen.

4.1.2 Relations Between Design Speci cations and Requirements

Since grading was applied to the requirements rather than the design speci cations, the re-
lationships between the two must be established. This is done using the House of Quality
(HoQ) product planning matrix (LucidChart, 2026). Each design speci cation is compared
against every requirement and graded on how strongly it supports it. The gradings in-
clude: "Strong", "Moderate”, and "Weak" relations. As an example, the relationships for
the design speci cation "Initial box detection accuracy: 100%" are illustrated in Figure 4.1.

For illustration purposes, only four requirements are

shown; the full relations table is provided in Ap-

pendix B.1. The relation to "Be able to handle card-

board box outages" is strong, as box detection is

the primary means by which outages are registered.

There is no relation to "Not damage the bags", since

this speci cation has no bearing on that requirement.

The relation to "Be able to place and organize the bags

in the boxes" is weak: while knowing a box is present

is important for packaging, it is not the main purpose

of the requirement. Finally, the relationship to "Be

able to handle the future throughput" is moderate, as

a fully autonomous, 100% accurate detection process Zingd”rtie"'alésgﬁ'ztggCZ%meﬁlzi:;?ﬂgimfe“_ts
is highly bene cial for sustaining future throughput tection accuracy: 100%".
increases.

The gure also shows the direction of improvement, indicating that higher accuracy is desir-
able. This is taken into account when determining the relations. The maximum relationship
value, shown at the bottom of the gure, is nine, corresponding to having a strong relation
with at least one requirement; a value below this threshold indicates a redundant design
speci cation. The technical importance is calculated by multiplying the weighted rating of
each requirement by its corresponding relation score and summing across all requirements.
The relative weight expresses the technical importance as a proportion relative to the other
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design speci cations. This relative weight score is used later in the concept generation phase.
The relative weight of every design speci cation is illustrated in Table 4.3:

Design Speci cations Relative Weight
1. Initial box detection accuracy: 100% 7.45%
2. Activate cue within 1s when no box is present 8.41%
3. 0 scratches/holes in bags during handling 4.11%
4. Weigh boxes to 10g precision 4.67%
5. 100% correct bag count per box 5.60%
6. Package box within 34.5s 7.13%
7. Tool switchover within 10 minutes 4.46%
8. Detect bag size within 1s, 99% accuracy 7.17%
9. 2 different handling tools required 8.38%
10. Input channel width and height: 10.5 x 93 cm 2.06%
11. Input speed: 0.42 m/s 4.13%
12. Output channel width and height: 64 x 80.5 cm 2.35%
13. Transfer lled box to palletizer area within 5.3 s 5.64%
14. Max footprint: 7 x 5 m 2.40%
15. Min 5 m from silos 2.74%
16. Throughput: 50 bags/min 3.49%
17. Box dimensions: 40 x 30 x 26 cm 3.72%
18. Package 40 boxes within 27 min 4.53%
19. Operator present <1/10 of runtime 3.34%
20. Error resolution within 10 min 3.71%
21. Handling system errors should require 0 external tools 2.68%
22. Payback time <6 years 1.80%

Table 4.3: Relative weight of each design speci cation.

The design speci cations range from 1.80% to 8.41% by weight. As with the requirements, a
low relative weight does not establish that the design speci cation is insigni cant; rather, it
indicates that other design speci cations are more important to implement.

4.2 Literature Study

With the project's scope and design speci cations established, it is now possible to examine
how other companies package their products. This study aims to gather ideas from these
companies while also enhancing the general understanding of various packaging solutions.

Industrial packaging is divided into two categories: primary and secondary packaging. Pri-
mary packaging serves as the rst layer of protection for a product, ensuring its integrity
and safeguarding it from contaminants. In contrast, secondary packaging does not come
into direct contact with the product; rather, its primary function is to group and protect the
packaged items (CDA, 2024). In the context of Bentax's production, the primary packaging
consists of the foil used to pack the beans, while the secondary packaging refers to the boxes
that hold the packaged beans. In this literature study, only the secondary packaging category
will be examined, as the primary packaging station at Bentax is already autonomous.
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