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Sammanfattning 
Företaget där detta projekt har genomförts på har utvecklat en ny typ av plast. Detta är en ny produkt 
och bolaget räknar med en ökning av efterfrågan inom en snar framtid. Bolaget är för närvarande i sin 
tillväxtfas och kommer att gå från att producera endast några dagar per månad till att köra produktion 
varje dag. I väntan på denna ökning vill företaget förbereda sig genom att organisera arbetsmiljön och 
införa verktyg för produktionsplanering och schemaläggning. 
Tre områden valdes ut och tillsammans med företaget utvecklades dessa tre frågor: 

1. Hur kan företaget organisera arbetplatsen och uppnå en högre produktionseffektivitet? 
2. På vilket sätt kan företaget mäta sitt produktionssystem för att identifiera ineffektiviteter och ta 

fram lösningar till dessa problem? 
3. Vilken produktionsstrategi bör företaget använda för att hantera framtida kundbehov och  dess 

lagerkapacitet på ett kostnadseffektivt sätt? 

För att organisera arbetsmiljön introducerades och implementerades standardiserade arbetssätt i 
företagets produktionssystem. Detta gjordes genom att utveckla en checklista med aktiviteter som visar 
personalen i vilken ordning dessa ska utföras för att minimera onödiga rörelser. En pärm utvecklades 
också där varje aktivitet förklaras mer detaljerat. En guide om hur 5S bör implementeras  har också 
tagits fram, företaget kan använda denna guide för introducering av 5S inom produktionen. 

Behovet av att mäta produktionssystem har lösts genom att utveckla en metod för att mäta 
utnyttjandegraden. Detta gjordes genom att sätta in extra fält på bolagets befintliga 
produktionsprotokoll om produktionstider, skrotat material och produktionshastighet. Denna 
information matas sedan in i ett utvecklat Excelark för att beräkna utnyttjandegraden av 
produktionssystemet. 

För att analysera och utveckla lösningar till ineffektiva områden föreslogs en problemlösningsmetod där 
det första steget är att använda en bred analys med hjälp av ett Ishikawa diagram för att varje möjlig 
orsak till problemet skall beaktas och sedan används 5 Why metoden där frågor ställs repetitivt för att 
hitta grundorsaken till problemet. Detta kommer att förhindra att problemet dyker upp igen i framtiden. 

När den förväntade ökningen av efterfrågan uppstår måste företaget kunna planera sin produktion för 
att säkerställa att de har möjlighet att kunna tillgodose kundernas behov. För att göra detta möjligt har 
ett planeringsverktyg utvecklats i Excel. Verktyget tar bland annat kundernas efterfrågan och bolagets 
kapacitet som inmatningsinformation och beräknar kostnaderna för olika produktionsstrategier. Sedan 
jämförs kostnaderna för att producera mot lager, öka kapaciteten och hybridlösningar av dessa två 
strategier för att möta kundbehoven och den bästa lösningen presenteras. Planeringsverktyget kan även 
användas för att planera materialinköp genom att undersöka när produktionen behöver de olika 
råvarorna. 



  

  



  

Abstract 
The company where this project has been conducted has developed a new type of plastic material. This 
is a new type of product and the company expects an increase of demand in the near future. The 
company is currently in its ramp up phase and will go from producing only a few days per month to 
running the producing every day. In anticipation of this increase in demand the company wants to 
prepare itself by organizing the working environment and introduce tools for production planning and 
scheduling. 
Three areas were chosen and together with the company these three questions were developed: 

1. How can the company organize the working environment in order to achieve higher production 
efficiency?  

2. In what way can the company measure their production system in order to identify 
inefficiencies and find solutions to these problems? 

3. What production strategy should the company use to manage the future demand and the 
warehousing capacity in order to be cost effective?  

In order to organize the working environment standardized working methods were introduced and 
implemented in the company’s production system. This was done by developing a checklist with 
activities that tells the personnel in what order these should be performed to minimize unnecessary 
movements. A binder was also developed were every activity is explained and how it should be 
performed with additional information about hazards. A guide on how to implement 5S was also 
established for the company to use in their production system. 

The need to measure the production systems has been solved by developing a methodology for 
measuring the Overall Equipment Effectiveness (OEE). This was done by adding fields on the company’s 
existing production protocol about production times, scrapped material and production speed. This 
information will then be used in a developed excel model in order to calculate the effectiveness of the 
production system.  

In order to analyze and develop solutions to ineffective areas a problem solving approach has been 
proposed where the first step is to use a broad analysis using an Ishikawa diagram to make sure every 
aspect of the problem is taken into consideration and then use the 5 Why methodology where questions 
are asked repetitively in order to find the root cause of the problem. This will prevent the problem to 
reappear in the future. 

When the expected increase of demand occurs the company needs to be able to plan their production 
to confirm that they will be able to satisfy the future demand. To enable the company to do this a 
planning model was developed in Excel. The model takes the customer demand and the company’s 
capabilities as inputs and calculates the costs of different strategies. It compares the costs of producing 
to inventory to meet high demands, increasing the capacity through higher workforce and two 
additional hybrid solutions in order to find the best solution. The planning model can also be used to 
plan the material purchasing by calculating when the production needs the different raw materials.    
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Acronym 
 

MRP  Material Resource Planning 

MPS  Master Production schedule 

OEE  Overall Equipment Effectiveness 

VSM  Value Stream Mapping 

EOQ  Economical Ordering Quantity 

ROP  Re-Ordering Point 

CEO  Chief Executive Officer  

Strands  Plastic wires that comes out of the extruder 

Lead time From when a demand is discovered until it’s satisfied  
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1 Introduction 
In this chapter the background and the definition will be introduced and why the project was conducted. 
The methodology used to solve the problems will also be explained and why these were chosen.  

1.1 Background & Problem Definition 
The company where this project has been done has developed a new type of plastic material. This is a 
new type of product and the company expects an increase of demand in the near future. The company 
is currently in its ramp up phase and will go from producing only a few days per month to running the 
producing every day. This increase of demand raises the need of awareness and the introduction of 
methods to prepare the company’s logistics. The company wants to gain knowledge about how much 
the demand can increase and be met without exceeding the capacity of the current facilities. They also 
want to be prepared in terms of warehousing and production. 
 
The company is looking to hire personnel to work in the production when the demand increases. This 
raises the need for standardized work methods to be established and implemented. Hiring of personnel 
will also create a need for production plans and schedules. The thesis work will also contribute with 
methods that can be used to collect reliable information about the operational performance. 
 

1.2 Objective 
The objective of this master thesis is to prepare the company for the expected increased demand in the 
future, mainly in terms of logistics and capacity. The preparation is executed though planning of the 
production facility and analysis of when the company outgrows their facilities. The company also wishes 
to adapt the lean philosophy due of the lack of standardized working methods and their currently 
inefficient processes. 
 
In order to give the company answers on how to meet the objectives the following questions were 
developed. 
 

1. How can the company organize the working environment in order to achieve higher production 
efficiency?  
 

2. In what way can the company measure their production system in order to identify 
inefficiencies and find solutions to these problems? 

 
3. What production strategy should the company use to manage the future demand and the 

warehousing capacity in order to be cost effective?   
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1.3 Methodology 
The project started with a meeting at the company where their product and vision of the future were 
introduced. Due to an expected increase in demand of their product the company wanted to prepare for 
an upscaling of their production. Interviews were then conducted with the company’s chief executive 
officer to get an understanding of the company and the processes within the production system. Field 
studies were also conducted to get a clear picture about the current state of the company and its 
production system and methods. After the current state analysis, the results were discussed with 
supervisors from KTH and Swerea IFV to develop clear objectives that were achievable within the time 
limit of the project. The objective were then discussed with the company’s CEO and developed further. 
 
To be able to answers the questions formed through the objective, discussions were once again held 
with the supervisors from KTH and Swerea IVF. Based on their knowledge together with knowledge 
obtained from the education at KTH a theoretical frame was developed for each question. The frame of 
reference was also built with consideration on the company´s request to incorporate the lean 
philosophy in the master thesis.  
 
Question 1: How can the company organize the working environment to achieve higher production 
efficiency?  
 
To improve the working environment and the efficiency, methods from the lean philosophy were 
studied. After discussion and literature studies 5S were chosen as a suitable solution due to the 
simplicity and effectiveness of the method. A 5S implementation that is executed well will lead to a 
better organized working environment and increased efficiency when for example time spent on 
searching for tools is reduced. As a complementary method to the 5S methodology, standardized work 
methods were chosen as well to help organize and reduce variations in the processes, to support the 
production system to become more efficient. The standardized tasks were developed using spaghetti 
diagrams were all movements is recorded and presented on a drawing to identify different types of 
wastes. This method was chosen due to its simplicity and reliability. The method can also handle 
complex movement patterns with ease and is therefore preferred over data simulations. 
 
Question 2: In what way can the company measure their production system in order to identify 
inefficiencies and find solutions to these problems? 
 
The company wanted to know how their production system was performing and how the effictiveness 
could be increased. The method that was chosen to fulfill this need was the OEE, which measures the 
overall utilization or effectiveness of the equipment from the three different aspects availability, 
performance and quality. This method will give a good directional pointer towards what area of the 
production the improvement changes have the largest potential. In addition to the OEE which is an 
aggregate index, suitable problem solving methods were also studied and discussed to solve the 
practical identification of problems and guide the company to correctly solve the problems. The 
discussions resulted in the proposed method of using an Ishikawa diagram to find the cause of a 
problem and then investigate the root cause by using the 5 why methodology. Together these two 
methods makes both a wide analysis of different causes to a problem and an in depth analysis to find a 
solution that eliminates the root cause to prevent it from repeating itself. 
 



 3 

Question 3: What production strategy should the company use to manage the future demand and the 
warehousing capacity to be cost effective? 
 
Currently the company’s production capacity exceeds the customer demand of the products by a wide 
margin. But since the customer demand will grow closer to the maximum capacity of the company’s 
current production system in the future, it is important to have a production plan that confirm that the 
customers demand can be fulfilled. In order to deliver a model that the company can use to plan the 
production scheduling and the material resources, information about MPS and MPR were studied. 
Concepts connected to these methods were then used in the creation of an excel model where the 
company were going to be able to make their production plans and resource planning. 
 
The interviews that were conducted to collect information about the company were conducted in a 
structured way where the questions were written down and sent to the interview subject in advance. 
This made it possible for the subject to go through the questions and obtain information if there were 
any questions that couldn’t be answered directly. The ordered interviews sometimes changed to an 
open discussion when information was unclear and complementary information were needed. 
 
Knowledge about the different tools and methods used to answer the questions were mainly gathered 
throughout the author’s education at KTH but complementary information about methods was also 
provided by the projects supervisors. In addition to these information sources, literature was used to 
gain deeper knowledge. Relevant books were found using the KTH library’s book search engine and in 
addition to this internet were used to find complementary information and descriptive pictures 
whenever necessary. 
 

1.4 Delimitations 
In order to specify what the project will investigate more specifically, the following delimitations were 
developed. 
 

• No improvement suggestions will be developed for the manufacturing process. 
 

• Production that doesn’t produce products for customers will not be taken into consideration. 
(Products produced for research purposes are excluded from this master thesis project.) 

 
• Activities that are performed outside the production facility will not be taken into consideration. 

(This master thesis project will only include the main extruders processes.) 
 

• The 5S methodology was decided not to be implemented in the production system during this 
project. Instead this thesis will introduce the method and provide a guide for how the 
implementation should be conducted.  

 
• The standardized work methods will only include the startup and the shutdown routine of the 

main extruder.  
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2 Current state 
In this chapter the current state of the company’s production facility and processes will be introduced. 
The introduction is including descriptions regarding the production and acquirement processes and 
layout drawings.  
 

2.1 Production & inventory facility 
During the current state analysis a map of the existing production facility was created shown in the 
picture below. The reason why this was created was to investigate the facility’s warehousing capacity to 
get aware of when the facility no longer can hold the amount of raw materials and products needed to 
fulfil the customer demand. In order to analyze the current layout, a detailed plan of the production 
facility had to be fabricated. With the help of the detailed factory layout drawing as presented below, 
the current layout could be changed to make more space for holding inventory. 
 
At the current state, the shelves were used as storage space for raw materials, test products and 
finished products. Between shelves 3 and 4 in the factory layout drawing was an area used to store 
bigger orders of raw material on pallets. During a production day, these needed to be moved to access 
material on shelves 3 and 4 as shown in figure 1. 
  
The main extruder zone area is hard to relocate due to the media that is connected to the machine and 
the fact that the machine is fixed to the ground.  
 
The layout drawing is color coded to make it easier to get an overview of what can be relocated. The 
light green color is objects that is not included in the production process itself and is also easily 
relocated, these zones is more of a temporary fix than a permanent one. The green areas are a bit 
harder to relocate since these are involved in the production process, but it is possible to rearrange 
these areas to reduce distance moved and labor during the production. The blue areas are the shelves. 
These can be relocated through moving them with the forklift or through disassembling and 
reassembling them. The grey areas are harder to rearrange due the two extruding zones and these areas 
are directly connected to the production process. 
  

 

Figure 1 Map of production facility 
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2.2 Delivery 
The raw materials are delivered on two different types of pallets and in different quantities due to 
discounts on larger quantities. The ordering point is decided with reasoning. Finished products made by 
the company is delivered to customers in cardboard containers that has an octagon shape, these are 
called oktabins. The following table explains the delivery terms regarding raw material and finished 
products.  
 
Material Type of pallet Quantity in/out Ordering point 
Small component EUR-pallet 900 kg (minimum) 50 kg 
Big component EUR-pallet 2500 kg (500 kg x 5) 500 kg 
Plastic EUR 3-pallet 1350 kg  When needed (2 days LT) 

Table 1 Raw material delivery terms 

To sell and deliver finished products the company is using a retailer that promotes the products, creates 
orders and handles the logistics from the production facility to customer.  
 

2.3 Production processes 
The main extruder is a screw extruder for plastics like figure 2 below. Raw material is poured down in 
feeders that are mounted onto the machine. In total there are several separate material feeders that 
are used to guide the material into the material channel of the extruder. In the material channel a screw 
is creating pressure against the die that is separating the clumped up material mix into strands. At the 
same time the extruder is heating the different raw material components to blend into one material. 
 

 
Figure 2 Model of a screw extruder.  
(http://efactor3.com/products/plastic-extrusion-equipment/) 

Once the material hits the die from the material channel, strands of plastic material is fed out of the 
extruder. These strands are taken fed upon a track of rollers that is guiding the material in order to 
separate the strands and decrease the temperature of the strands. The track runs initially through a 
water bath and then the rollers guide the strands through the air to remove the water and finally the 
strands arrive at a pelletizer machine that’s cutting the strands into pellets. The pellets are then sorted 
by their size and then the pellets with the right size are collected in an oktabin. 
 
During the production the feeders are refilled with material manually through cutting the plastic bags 
holding the material and pouring the components into the feeders.  

http://efactor3.com/products/plastic-extrusion-equipment/
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3 Theory 
This chapter will describe the theoretical framework of the master thesis. The theories described in this 
chapter were used to create an understanding of expressions and gain knowledge of the methods 
needed to achieve the objective of the master thesis.  
 

3.1 Lean production 
The word lean production was made world famous through the book “The machine that changed the 
world”. When working with lean the organization focus on processes and the elimination of waste, in 
order to more efficient create customer values. The goal is to achieve effective and flexible flows of 
products and communication through the processes. Flows that aren’t streamlined waste resources and 
products that don’t reach the customers quickly results in costs connected to warehousing, it also 
causes a reduction in value for customers if they are forced to wait for the product. 
 
Efficiency does not equal hard work or increased pressure. Lean production is not equal to line 
production, the situation determines which technical solution should be used in the specific case. The 
goal of lean production is to find a way in order for the production to use the resources in the most 
efficient way. Lean is a philosophy that focuses on reducing and removing everything that doesn’t add 
value in for the customer. It aims to create participation from everyone that is involved to create a 
secure working environment. 
 
A lean initiative will only be possible if: 

• The management is committed to the implementation. 
• There is a disciplined and organized method for reaching the goal. 
• Areas such as pleasant working environment must be handled as well as technical and 

economic questions. 

Lean is built up of a number of different areas and a common way to visualize it is through the Lean-
temple as the example in the figure 3 on the next page. The idea is to show how the different areas and 
tools are connected to each other and communicate that it’s not a good idea just to choose a few of the 
methods and implement them. It is important to use them all and understand how they are related to 
build a strong and sustainable lean system. 
 
The temple should represent the company’s production strategy and the way the house is designed will 
vary from company to company due to its unique production systems and customer demands. 
Therefore different areas are valued differently and embraced. In order for the Lean temple to be useful 
it is important to have knowledge about lean and the different tools that are developed, otherwise 
sought after positive result might be compromised. The temple is often built in a similar fashion with 
small deviation to suite the specific organization.  
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Figure 3 Example of a lean temple 

When developing a lean temple the first thing that has to be done is to create a stable foundation. An 
important step during this period is educating the people in the organization in different areas of the 
Lean philosophy. If the foundation isn’t strong enough the whole house could fall apart and the lean 
initiative will fail. The foundation should include the organizations values and goals to make sure that 
everyone is working in the same direction. The left pillar of the temple is called JIT and stands for just in 
time. This pillar is striving to produce and deliver everything in the exact correct time to reduce wastes 
which are essential within the lean philosophy. The pillar includes concepts such as pulling systems, 
Kanban and tact time. The pillar on the right side is called “autonomation” and the concept of this pillar 
is to stop the production when quality isn’t satisfying. The purpose of this is to include quality in every 
step by integrate it in every process through methods. The roof of the temple is called kaizen and it 
symbolizes the importance of continuous improvement work. Kaizen communicates that the work will 
never finish but shall be continuously improved. 
 
When making a lean initiative it’s important to learn about the basics and build a strong foundation as 
mentioned earlier. If the foundation is weak the implementation of the rest of the tools will probably 
fail. Therefore these tools will be further explained in the chapters below. 

(Per Petersson, 2010) 
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3.2 The 7 + 1 types of waste 
One of the basic steps in the lean philosophy is to analyze all the processes in an organization to identify 
what activities add value for the customer and which ones that doesn’t. By identifying this and starting 
to sort through the activities it is possible to start taking actions to reduce the number of activities that 
is non value adding. This is done to make the processes more efficient and lean. During this step it’s also 
important to analyze the non-value adding activities to identify which of these that needs to be done 
and which are pure waste. When the different activities are analyzed the goal is to eliminate the pure 
wastes and reduce the necessary non-value adding activities without reducing the value to the 
customers. Seven categories have been developed to simplify the process of identifying the different 
types of wastes. 
 
Transportation: When a product is transported there is always a risk involved of the product being 
damaged or lost during the transportation of the products. Transport of the product that customers are 
willing to pay for is not a type of waste due to the value adding factor. 

Inventory: When products are stored in an inventory it binds capital that might lead to missed 
investment opportunities. The managing of the inventory as well as the costs of the facilities is also costs 
that are non-value adding. Inventories include the product in all its stages from raw material, work in 
progress and finished goods.  

Motion: The motion waste describes the movements of the product during the manufacturing. Motions 
will wear and tear the equipment and personnel and generate maintenance and health care costs. 
Therefore any motion that doesn’t create value for the customer should be removed or reduced as 
much as possible. 

Waiting: Time the products are spending not being transported or manufactured through the 
production processes is idle time and this is adding any value to the product. This waste is tightly 
connected to overproduction and inventory and should be kept at a minimum as long as it’s not a 
necessary step. 

Over-processing: This type of waste occurs when the product is processed in a way that exceeds what 
the customer’s needs or are willing to pay for. This type of waste also includes features that have an 
unnecessarily high performance that the customer won’t use. 

Over-production: Overproduction is the worst kind of waste because it will increase all the other wastes 
along with it. When production exceeds the customer needs inventory will build up along with the rest 
of the wastes that are connected to this. This is often connected to large batch sizes that that do not 
cope with the sudden changes in the customer demand. Overproduction does not create any value for 
the customer and should be avoided.   

Defects: When the quality of a product is insufficient the product needs to be reworked which costs 
both time and money. If rework isn’t an option the part will be thrown away which is a waste of material 
which have is a cost as well. (Per Petersson, 2010) 

Unused creativity: Personnel are often hired due to a specific skill that they have. In addition to this vital 
skill the employees have other valuable skills as well and it is wasteful not to take advantage of this. It is 
through the creativity of the people at an organization that the other wastes can be reduced. 
(GoLeanSixSigma) 
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3.3 5S  
5S is a tool within the lean philosophy and its aim is to create and maintain an organized and healthy 
working environment within the organization. The method was developed in Japan where it was given 
its name 5S from the five words Seiri, Seiton, Seisu, Seiketsu, Shitsuke. In Japan 5S is considered a 
philosophy and a way of thinking were the personnel is engaged in the in the improvement work and 
have the authority to implement changes without seeking permission which is important if 5S should be 
fully implemented. In the rest of the world 5S is considered more of a tool in quality and efficiency 
improvements. The 5S is often translated into sort, set, shine, standardize and sustain  as shown in the 
figure below and they all point to different areas with defined routines in order to achieve a structured 
and healthy working environment. 

 

Figure 4 5S visualization 

Set (Seiri)  
Set can be described as stocktaking of and organizing the different equipment and tools that are 
necessary for the organization to produce their product. All equipment that is unnecessary should be 
discarded and the equipment that is seldom used should be evaluated if it should be kept or acquired 
the day they are needed. When all the unnecessary equipment   is discarded an evaluation is done to 
decide an exact position where every equipment or tooled should be located all of the time. The tools 
that are used frequently should be placed close to the operator and the ones that are used less should 
be placed in some type of storage. An evaluation of equipment that is used very seldom should be done 
to decide if they should be stored at another location. 
 
Systematize (Seiton) 
In order to achieve an efficient organization it is not enough just to sort out the unnecessary tools. You 
also need to analyze how the tools should be used, retrieved and stored in ways that minimize 
unnecessary movements and inefficiencies. It is important to analyze why it takes so much time to move 
the different tools and not only where they are moved and stored. It is crucial that the system is easy to 
understand and use for everyone so it is easy to follow and maintain. 
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Shine (Seiso) 
The organization should be kept tidy and this could be done by everyone within the organization from 
management to cleaners. It is important that everyone understands the importance of this to keep 
everything tidy and clean responsibility for different areas should be divided among the personnel. It is 
important that no area falls between the responsibility of two people and gets left out. When everything 
is clean and tidy problems are easier to detect and resolve at an earlier stage. 
 
Standardize (Seiketsu) 
In order to uphold a 5S initiative it is important to maintain the organization and working environment. 
Standards are often defined through visual guidance or measurements where visual guidance means 
that you use pictures, lines or light to communicate routines. An example of this is a picture at a specific 
work station visualizing what different tools should be kept at the station, where they should be kept 
and how it shall be maintained as the example below.  
 

 

Figure 5 Example of 5S result 

 (http://5sbestpractices.ning.com/photo/tool-shadow-boards-before-and-after?context=latest) 

 
Sustain (Shitsuke) 
It is important to keep new routines and not fall back in old habits. By educating the personnel in how 
tasks are supposed to be performed and let them practice this, old habits can be replaced by new 
improved ones and accepted so that rules can be generated.  

 (Karin Garmer, 2010)    

  

http://5sbestpractices.ning.com/photo/tool-shadow-boards-before-and-after?context=latest


 11 

3.4 Standardization of tasks to enable continuous improvement  
Standardization is the basis for continuous improvement and quality. Standardization of tasks is not just 
about finding the mathematically most efficient way of performing a task or to make it repeatable and 
efficient and then freeze it. If the process varies from time to time any improvement suggestions will 
only be another variant that might occasionally be used but mostly just ignored as visualized in the 
figure below. Instead the process must be standardized to become stable before improvement 
suggestions should be developed to be able to identify and separate the impact of the suggestion from 
ordinary variations. This is necessary to effectively work with continuous improvements. Standardized 
task is a method that builds in quality into the product and the first question that should be asked when 
quality fails is if the standard was followed. 
 

 

Figure 6 Standardization to sustain 

(http://www.lean.org/Workshops/WorkshopDescription.cfm?WorkshopId=20)   

  

Standardized task sheet 
The standardized task sheet can also be a part of the problem solving process. By going through the 
sheet step by step and searching for deviations that may have caused the problem. If the task is 
executed in line with the standardized method it should be modified to include a step that makes sure 
that the deviation doesn’t occur again in the future. 
 
A critical area that needs to be taken into consideration when implementing standardized tasks is  
finding a good balance between giving a detailed method for performing the task and provide an 
opportunity for the workers to be creative and innovative to handle challenges and achieve new goals 
for quality and efficiency. 
 
The people working with the standardized tasks should also work with improving them. The workers 
that perform the tasks are more likely to identify areas that might have some improvement potential. It 
will reduce friction and resistance between workers and management if the ability to influence the 
standards is present instead of just having them as imposed rules.   

(Liker, 2004) 

http://www.lean.org/Workshops/WorkshopDescription.cfm?WorkshopId=20
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3.5 Spaghetti Diagram 
Spaghetti diagrams are used as a tool in continuous improvement work to identify and eliminate 
different types of wastes. A spaghetti diagram is a visualization of an actual observed flow. The diagram 
can picture different type of flows such as products, trucks or people, therefore what type of flow the 
diagram is showing must be clearly specified. It is important to remember that the spaghetti diagram is 
used to record movements and it doesn’t take possible scenarios in to consideration which might be 
important in areas with accident risks. 

Making a spaghetti diagram of a production floor 
When creating a spaghetti diagram you need a drawing of the area you are observing that shows the 
layout of the production floor. You also need pencils of different colors to separate different type of 
flows. 
 
Steps to create spaghetti diagram: 
 

1. Observe the processes and what activities are executed to get an understanding of what’s 
happening on the shop floor and to get a fundamental understanding of how what the flows 
look like and make sure you have a good visualization of the production area as the example 
below. 

 

Figure 7 Example of production layout 
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2. Start at the beginning of the scope for the analysis and the spaghetti diagram and draw arrows 
showing the different types of movement patterns and their directions as shown in the figure 
below. It’s important not to exclude any type of movement even if it’s short or seems random. 

 

Figure 8 Example of spaghetti diagram 

 
3. Record the all the activities related to the production and where they are executed such as 

material handling, sorting, adjustments, etc. 
 

4. Calculate the distance between the different activities and the time it takes to do them. 
 

5. Analyze the diagram and identify different types of wastes and optimized alternative layouts 
and movement patterns. 
 

6. Develop a future state where you change the layout or the order of the activities to achieve a 
more optimized production by eliminating as much of the different types of waste as possible.  

This is a process that may have to be done several times before a diagram can be developed that 
represents the reality in a satisfactorily way and that identify all actual wastes. Some future state 
propositions might be expensive to implement and must therefore be analyzed before being executed 
to make sure that the changes do more good than harm. 

(Graham, 2015) 
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3.6 Overall Equipment Effectiveness 
Overall Equipment Effectiveness is a method used to analyze the effectiveness of a certain 
manufacturing process or specific equipment’s utilization level. The result of the analysis through OEE is 
used as a pointer for where possible improvements could be made. The measurement is used in 
industries as a key performance indicator of manufacturing companies who has introduced the lean 
manufacturing philosophy to indicate if the efforts made has resulted in improvements. 
  
There are two types of measurements which could be analyzed, either the Overall Equipment 
Effectiveness or the Total effective equipment performance. The result of these two measurements 
gives the actual utilization with consideration to the ideal or theoretical capacity of facilities, materials 
and time.  The difference is that the OEE measures the utilization during a specific time period while 
TEEP measures the utilization throughout every hour of a year.  
 

 

Figure 9 Visualization of OEE (Facility management) 

 
The OEE evaluation contains 3 factors of different types of measurements that need to be investigated 
to get a reliable answer of the actual utilization.  
 
Availability is the actual time the equipment has been able to run, also known as up-time. The 
availability is the result of the planned production time minus the amount of time the equipment 
couldn’t run for a longer duration, often due to breakdowns and changeovers.  
 
Performance is an indicating measurement of how the equipment has been operating while running. 
The performance component indicates if the equipment has operated at the required rate.     
 
Quality measures if the fallout of the production has reached the required amount of products with 
good quality. The result of this component is the time it takes to produce new products to replace the 
quantity of defective product.   
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6 big losses  
The 3 components of OEE are assigned different production losses to be able to sort the production loss 
to the right component. This is necessary to be able to get a reliable result in the calculation and also to 
know what area to target when exploiting the result to make improvements. The figure 11 below 
presents the categorization of the components to two different types of losses.    
 
  
 
 
 
 

 
 
The common reasons for these shortages are as following: 
 
Planned downtime: Changeovers, labor shortage, material shortage and planned maintenance. 
Breakdowns: Component/equipment failure and unplanned maintenance. 
 
Minor Stops: Misalignment, products misplaced and blockages.  
Speed Loss: lower production speeds than regularly and misalignments.  
 
Production Rejects: Damaged products, scrap and wrong specifications for products. 
Rejects on startup: Wrong product specifications noticed in startup, scrap created on previous run and 
damaged products after planned maintenance.  
 
When these losses has been identified and collected a formula can be used to calculate the OEE. 

OEE formula 
The calculation of the OEE measurement is stated as following: 
𝑶𝑶𝑶 =  𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨 ∗  𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑨𝑷𝑷𝑷 ∗  𝑸𝑸𝑨𝑨𝑨𝑨𝑨 
 
Availability: uptime / available time 
Performance: (Parts produced * Ideal cycle time) / Operating time 
Quality: (Units produced - defective units) / Units produced 
 

(OptimumFX) 
 

  

Figure 10 Factors of OEE 

Availability Performance Quality 
Planned Downtime Minor Stops Production Rejects 

  Breakdowns 
 

Speed Loss 
 

Rejects on Startup 
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3.7 Ishikawa diagram 
The Ishikawa or fishbone diagram is used as a structured approach to analyze the root cause to 
problems or quality issues that has been observed and identified. The diagram is a cause and effect 
diagram and was introduced by Dr. Kaoru Ishikawa in Japan in connection with a quality tools 
development at Kawasaki Steel Works. The diagram is a simplified fault tree diagram and clearly shows 
how different causes depend on each other which can be important when it is used as a base for a 
decision or change. Different areas are investigated and analyzed identify as many possible causes of the 
problem as possible to increase the chance of finding the most critical ones as the example picture 
below.  
  

• People: Is the operator motivated, experienced and trained enough? 
• Machine: Does the machine have the necessary capacity and is it capable of performing the 

task? 
• Method: Is the right tools available and are the process parameters sufficiently specified? 
• Material: Does the materials have the correct quality? 
• Environment: Does the surroundings affects the result? 
• Measurement: Are the measurement methods and instruments properly calibrated and are they 

capable of measuring the relevant quality? 
• Management: Does the management supply sufficient information and support in order for the 

improvements to be implemented? 

 

Figure 11 Ishikawa/fishbone diagram 

The result is a diagram that in a structured way describes how different areas can affect the result. This 
is a powerful tool that is useful for investigating the causes and problems or quality issues with a wide 
perspective in order not to miss any important aspect.   

 (Bo & Bengt, 2010) 
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3.8 5 Why 
This tool was created by Sakichi Toyoda and was first used in the developing of the manufacturing 
methodologies on the Toyota production system. The five why tool is a method used to identify the root 
cause of a problem by asking why five times. This visualizes the cause-and-effect that is underlying in a 
specific problem. Every time you ask why you create the basis for the next why question. Five questions 
are often sufficient to find the root cause but you can add extra questions if you aren’t satisfied. In order 
to illustrate how the tool is used an example have been developed. 
Problem: The electric forklift doesn’t work.  
 

• Why? It has no power. 
• Why? The Battery isn’t charged 
• Why? The battery charger wasn’t properly connected. 
• Why? The operator didn’t know how the connection was supposed to be attached. 
• Why? The instruction that was given to the operator was unclear.  
• How will we make sure the operator is given clear instructions? 

 
It is important that the answer point at a process that is faulty or non-existing. It is common that people 
that doesn’t have experience in the use of the tool to answer the questions with lack of training or 
manpower. This might be true but it is not in our control and therefore the question “Why did the 
process fail?” could be used instead. 

(issixsigma) 
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3.9 Forecasting 
Forecasting is a process of predicting things that has not yet occurred. When making this prediction 
there are a number of different methods that you can use to make a forecast that are accurate. 
Forecasts methods can be divided into qualitative methods where which are primarily subjective and 
relies on judgement and opinions and time series where historical data are analyzed to identify patterns 
that are expected to repeat themselves in the future. When using time series the observed demand can 
be divided into three components, level which is the current deseasonalized demand, trend which is the 
growth or decline of the demand and a seasonality which is a predictable seasonal fluctuation.  

 

Figure 12 Forecast components illustration  

In production it’s necessary to use forecasting methods when the demand of a product is unknown. The 
forecast enables the production planner to schedule the production to make sure there are available 
products when the demand arrives. Without forecasts the production must use a pull system and 
produce when the demand is known. If this exceeds the capacity the company will not be able to deliver 
the order. 
 
The forecasted demand of a company’s product should be used as the base in strategic decisions. All the 
push processes in the supply chain are done in anticipation of a customer order and all the activities 
must therefore be planned in forehand. The pull processes on the other hand are performed as a 
response to an order from a customer and this means that the manager needs to plan the available 
inventory before the process and the capacity of the process. Both types should take the forecasted 
customer demand into consideration to be able to make an informed decision about what strategies 
should be chosen to minimize the costs. 
It is not possible to see in to the future and know the upcoming demand but by analyzing customer’s 
behavior from the past it can sometimes be related to some factors which make it possible to estimate 
their future behavior. It is also important not only to take old statistics into consideration but to 
combine this data with human input in their final forecast to improve the accuracy.    

A forecasts characteristics 
When working with forecasts it’s important to keep in mind that the predicted values are not the truth 
but only an estimated value. This means that the forecast is almost always wrong but a company can 
still give you a hint about the future. By including a measure of error in the forecast the decision maker 
can get an understanding about how much weight should be put in the forecast when making a 
decision. Therefore it’s important to always include measure of the forecast accuracy.  
It’s also important to be aware of that forecasts that stretches far into the future are always more 
inaccurate than short-term forecasts. Aggregated forecasts are also more accurate than disaggregate 
forecasts. For example it’s easier to predict the demand of a company’s complete product collection 
than to predict the demand of a specific product. 

(Chopra, 2001) 
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3.10 Aggregate planning 
During the production planning phase of a company a long term plan and a short term plan is needed to 
be developed. The aggregate plan is a long term plan and the time period is usually between two to five 
years. The aggregate plan decides how the company choses a strategy to handle the material 
requirements, production pace and capacity to meet future customer requirement. The aggregate plan 
is influenced by the company’s business plan which sets the frames and limitations of the aggregated 
plan. The business plan establishes the company’s capacity and production strategy. Which is 
formulated with consideration to a few factors such as economic, competitive, demand forecasts, 
cooperate strategies and policies. 
 
Products sold by a company can also be influenced by a seasonality factor, which means that during 
some seasons the product demand increase or decreases. This is also taken into account when creating 
the aggregate plan. The seasonality of the customer demand can be handled though analyzing when 
they will occur and then prepare for it. The seasonality problem could be solved though building up 
bigger inventories during periods with less demand which then is released when needed. Alternatively 
the company can increase its production capacity when the customer demand is expected to increase.  
 
The aggregate plan is created through analyzing different types of strategies with consideration to the 
company’s state. The inputs needed is information about the workforce, facilities, customer demand, 
policy statements such as subcontracting, overtime, inventory levels, back orders and finally all costs 
influencing the aggregate decisions such as cost for inventory holding , back order, overtime, 
subcontracting, hiring or firing employees and inventory changes.  
 
There are two strategies commonly analyzed and prepared when developing an aggregated plan. These 
strategies are diversified and could be seen as opposites of each other. In one of the strategies the 
capacity is changed with means such as overtime and subcontracting when the customer demand is 
higher the normal capacity. This strategy keeps inventories at a low level and is called the chase 
strategy. Alternatively the company can start building up inventory in periods where the customer 
demand is lower and later use these when the demand is high thus reducing the need of having extra 
capacity during these periods. This strategy is called level strategy. The level and chase strategies can be 
mixed in order to find another suitable strategy. 
  
The goal with the aggregate plan is to get an estimated total cost of the future. Another important 
aspect is the evaluation of different options and the ability to choose the most suitable solution for the 
company. On top of that it’s essential to get all the projections on paper so actions can be made within 
reasonable time before the problems actually happens. 

Production planning 
In this top planning layer the appropriate production level is being decided. The production is not 
planned in a detailed fashion but instead focusing on how the overall production capacity is able to 
respond to customer demand. Since the customer demand is most likely to vary during different periods 
and years this have to be planned to be able to deliver the right amount of products. After categorizing 
the company’s products into bigger categories it gets easier to do a forecast for the future demand. The 
company then needs to make sure that the different products get an appropriate part of the production 
that mirrors the importance of the product. 
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Capacity planning 
There are many ways a company can change the current production capacity. Some changes that could 
be done are for example: 
 

• Investments in improved technology (research), new machines and production equipment. 
• Workforce changes such as new personnel, different work hours/schedule. 
• Subcontracting and overtime. 

Aspects to consider when implementing adjustments are time and cost to implement/- undo these 
changes. The advantage of increasing the capacity is that the inventory levels can be held low thus 
reducing inventory costs. 

 (Olhager, 2000) 
 

3.11 Master production schedule 
The master production schedule or MPS is a plan containing information about what and when to 
produce. The MPS is tightly linked to the manufacturing activities in the organization and it indicates 
how the demand will vary over the time frame the MPS is planning for. The MPS calculates many 
important aspects of the production system such as production and warehousing capacity and costs 
taking production, personnel, manufacturing and warehousing inconsideration to identify bottlenecks 
and the effect of different tactical decisions. The data that the MPS provides is then used to find an 
optimized cost efficient solution to maximize the profitability. MPS’s are often created by software but 
due to the limitations of these programs and the large amount of work for the master production 
schedulers they can’t take every aspect of the production system into account and therefore only use 
specific elements that have proven to distinctly control the results. 
Example of elements that has proven to control the MPS: 
 

• Forecasted demand 
• Inventory costs 
• Production costs 
• Lead times 
• Production capacity 
• Warehousing capacity 
• Working hours / shifts 
• Personnel costs 

These elements vary between companies and their affect must be analyzed to decide what to take in to 
consideration when creating the MPS.  
The outcome of the MPS is a translated business plan where the forecasted demand have been 
transformed into a production plan showing us what to manufacture and when to manufacture it in 
order to reduce the total costs thus maximizing the profitability of the products. The MPS also helps us 
avoiding shortages of products which can lead to backlogged or missed orders which can be very costly 
for a company. It also helps us plan further in to the future and thus avoiding last minute planning with 
inefficient emergency solutions with resource allocation. 
Making a MPS could be conducted in these following steps. 
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1. Develop a forecast of the future customer demand or collect data about customer orders if this 
is available.  
 

2. Analyze the data from the first step to identify at what points in time the company will deliver to 
the customer and the amount of products that are demanded. 
 

3. Calculate how much time the production needs to fulfill the different orders. 
 

4. Develop different possible strategies to fulfill the orders while taking the capacity of the 
production system and the available storage space into account.  
 

5. Calculate the cost of the different methods to identify the most cost efficient one. 

The MPS is often complemented with a material requirement schedule to identify what materials the 
production system needs to produce the finished products. 

(Nahmias, 2008) 
 

3.12 Material Resource planning (MRP) 
When the final demand is determined and the date of the delivery is set the organization needs to 
determine what materials are required and at what time they need to be available. In order to 
determine this, the organization also needs to know the time it takes to order the different materials 
and the time of the production processes that are necessary to produce the final product. The goal of 
material resource planning is to determine how much and when the necessary material for the products 
are required to be able to produce and deliver to the customer within time and with the correct 
amount. 
 
There are two types of demands, Independent and dependent demand. Independent demand originates 
outside the organization and is typically the demand of the finished products from the customer. The 
dependent demand is the demand of materials or components that are required to be able to produce 
the finished product and is dependent of the independent demand. The material resource plan relates 
the independent demand to the dependent demand and the production schedule. 
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In order to make an MRP the information needed is the on hand inventory, the bill of material and have 
a master production schedule. The bill of material or BOM is a structured list of the different parts and 
materials that are required to produce a particular finished product. It contains information about the 
quantity and the lead time to produce or purchase all the different parts and materials. 
The process of creating a MRP can be described in five typical steps 
 

1. Netting 
The first step is to determine the net requirements and this is done by subtracting the current 
inventory and any scheduled material orders from the total requirement. 
 

2. Time phasing 
Determine when the components or the raw materials are required by subtracting the lead-
times from the production start. 
 

3. Lot sizing 
Divide the net requirements into suitable order quantities. This could be done for example 
through calculating the economical ordering quantity. 
 

4. BOM explosion 
Use the BOM’s to determine the different requirements for every process throughout the 
production in order to determine the different material requirement and when these need to be 
acquired. 

The output from the MRP is an ordering schedule with timing and quantity of the different orders that 
gives us information about what material needs to be ordered when to satisfy the customer demand. 
It’s important to be aware of that the MRP is deterministic and there are factors such as uncertainties 
that it doesn’t take into consideration. Therefore it’s important to use about safety stocks to protect the 
systems from variances in production and ordering lead times as well as quality or customer demand 
variances. MRP doesn’t take the capacity of the production system or the warehouse into account and 
this is also something that needs to take into consideration when planning the ordering points and 
quantities. 

(Nahmias, 2008) 
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3.13 Economical Order Quantity – EOQ 
The Economical Order Quantity or EOQ model is one of the simplest methods for calculating the most 
cost efficient order quantity. Due to the simplicity of the model there are some assumptions connected 
to the model that needs to be taken into consideration. The model only takes one type of product in to 
consideration and it assumes that the demand rate is continuous throughout the time span you are 
calculating for. The method doesn’t allow any shortages and all demands are met within time and it also 
assumes that orders are fulfilled instantly without any lead time. Even though the method simplifies the 
reality a great deal the system is widely used in many different industries with good results. 

 (Oskarsson, Aronsson, & Ekdahl, 2006) 
 
The goal of the EOQ model is to minimize the average cost per unit by identifying the optimum order 
quantity, Q. The time that passes between every order is called T and the demand is called λ.  

 

Figure 13 Inventory pattern with ordering points  

This gives the equation T=Q/λ which can be used to calculate the time between the orders. The 
purchasing cost of an order is the cost of the product times the demanded amount λ*c where c is the 
ordering cost of the unit. The number of orders that needs to be placed is calculated dividing the 
demand with the ordering quantity Q. The average inventory held or cycle inventory can be calculated 
by dividing the ordering quantity by 2 due to the constant demand.  
When multiplying the average cycle inventory with the holding cost for one product per year the annual 
cost of holding the inventory is identified. The total purchasing and holding costs are then summarized 
in order to calculate the cost of choosing a specific order quantity. 
 

•  λ = Demand rate [units/year] 
• c = Unit ordering cost [kr] 
• K = Fixed cost to place an order [kr] 
• h = holding cost [kr/unit/time] 
• Q = Size of the order or lot size 
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𝐺(𝑄) =
𝐾λ
𝑄

+ λc +
ℎ𝑄
2

= 𝐹𝐹𝐹𝐹𝐹 𝑜𝑜𝐹𝐹𝑜𝐹𝑜𝑜 𝑐𝑜𝑐𝑐 + 𝑃𝑃𝑜𝑐ℎ𝑎𝑐𝐹𝑜𝑜 𝑐𝑜𝑐𝑐 +  𝐻𝑜𝐻𝐹𝐹𝑜𝑜 𝑐𝑜𝑐𝑐  

This function of the total purchasing and holding cost can then be plotted on a graph where the optimal 
solution can be identified as the lowest point on the upper curve. 

 

Figure 14 Economical Order Quantity - EOQ 

Alternatively the optimum solution can be calculated by partially differentiate the function for the total 
cost with respect to the order quantity Q and set to zero. 
 

𝐹𝐺
𝐹𝑄

= −
𝐾λ
𝑄2

+
ℎ
2

= 0 

 
By solving this for Q the optimum order quantity is identified. 
 

𝑑𝑑
𝑑𝑑

= −𝐾λ
𝑑2

+ ℎ
2

= 0 →  𝑄 = �2𝐾λ
ℎ

 = Economical Order Quantity 

 
(Oskarsson, Aronsson, & Ekdahl, 2006) 
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4 Implementation & results 
In this chapter the working process is described. A structured process is often called a method and its 
purpose is to help the researcher/developer/designer to reach the goals for the project. The 
implementation in this thesis became part of the result and that is why these chapters are merged. The 
guides presented in this chapter could be seen as guidelines of how to implement of the solution could be 
done.  

4.1 5S  
This is a guide on how the company can implement 5S at their current production facility. To make the 
example more hands-on one of the workstations has been selected to be an example of how to 
practically implement 5S. This example shows the company how to implement all stages of 5S on 
different workstations, what methods could be used and motivate why the implementation of the 
different stages of 5S can improve the condition of the workstation and eventually the whole production 
facility.  
 
The condition of the work station was fashioned to show how 5S can organize and streamline a work 
station. The workstation is shown in the picture below, which represents a fictional condition of the 
workstation after a production run.  
 

 
 

Figure 15 Extruder work station 
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Work station description: The duties conducted by the operator at this station are to cut the plastic 
strands that are extruded from the machine´s die (1). The strands are cut by one of the scrapers that are 
located on the tool table below the water bath (2).  The strands that’s still hot after leaving the die is 
then threaded by the operator under the first two rollers that guides the hot plastic strands through the 
water bath to cool off (3). The operator continues to manually thread the strands until they reach the 
pelletizer which will pull the strands automatically through the water bath. When this process is stable 
the strands are separated from each other with the help of one of the screwdrivers that is placed on the 
table under the water bath (4).  If one or more strands are broken during the process they fall down on a 
metal plate and becomes wasted material (5). This wasted material is then loosened from the plate with 
the help of the scrapers (2) and water scooped from the water bath. The wasted material under the die 
is pulled down from the plate with a scraper to the water container that cools the material (6). During 
production the die is cleaned from old material with the help of the small screwdriver.  
 
First step of the implementation of each workstation is to collectively discuss why 5S is necessary at the 
workstation. The discussion and analysis should result in sets of goals that will motivate the 5S 
implementation work and this result should be kept in mind when conducting the implementation and 
the continuous development of the workstation. It’s important to involve all personnel in the 
implementation of 5S at the workstation since it gives the operators a chance to influence the 
workstations development looking through the operator’s perspective. Another important factor to 
remember is the fact that the 5S work is continuous and new improvements should be encouraged. All 
improvements are steps towards the optimal workstation.  
 
In this example the primarily motivation for the workstation that was discussed was the following: 
 

1. To have the tools at this station are crucial since not having the tools when needed will directly 
result in more wasted material and stressed personnel, the scrapes are necessary to be able to 
cut the strands coming out of the die. This 
  

2. If the strands aren’t separated on the rollers the strands will get stuck together which will cause 
the strands to break, creating more wasted material and a less stable process. Is the screwdriver 
an optimal solution for this sensitive task? 
 

3. If the clump of wasted material under the die cannot be removed from the plate this would 
result in that this clump of material will eventually cover the die, possibly damaging the extruder 
and resulting in more wasted material. Removing it by the scrapes seems like a lot of 
unnecessary effort.  
 

4. If old material clumps together enough on the die, the exit holes will get totally or partly 
covered with old hard clumps of material. This will result in that strands exiting from the die will 
be deformed and may cause strands to break. Using the small screwdriver seems like a fragile 
solution.  
 

5. The water scooped from the water bath down on the plate combined with the open water 
container is causing this workstation to get very wet, creating a slippery floor that could result in 
personnel injuries and water damage to equipment that is located in its surrounding 
environment.  
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6. Tools not used in this station could be misplaced tools from other workstations in the facility, 
creating more unnecessary movements and time spent searching and collecting these tools.  
 

7. Since the strands are still hot when exiting the die, an operator could get burned while handling 
the material before it is cooled off by the water bath.  

These motives are the result of the analysis of the:  
• Task description. 
• Practical visual inspection of the workstation before, during and after a production run. 
• The workstations “before” picture. 

Now the goals can be formed to contradict the current condition of the workstation, remove risks and 
waste with consideration of these motives. Starting from the first motive and working down the list.  
 
Goals created due to the motivating factors: 
  

1. Find a system for keeping tools be kept in place at the workstation at all times. 
2. Investigate if the screwdriver is the best tool for separating the strands.  
3. Investigate if removing the wasted material with a scrape is the best solution.  
4. Investigate if the hard clumps of material can be removed in any other way.  
5. A secure workstation – neither personnel injuries nor equipment failure caused by water.  
6. Remove tools that are not required to complete the tasks.  
7. Personnel won’t get burned during the handling of the strands.  

When the 5S implementation is complete, each goal should be investigated if they have been reached or 
not. This kind of investigation should be done before the implementation of 5S for all workstations in 
the production facility.  
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4.1.1 Step 1 – Sort  
The first step of 5S is to sort the tools and equipment needed at the workstation. A sorted workstation 
can be achieved by discussing what tools are essential for the completing all tasks in the workplace. Also 
discuss which goals can be achieved by sorting.  

 

Figure 16 Extruder work station 

Example of how the step could be conducted at the work station:  
 

1. Remove everything from the workstation and use 3 bins to sort the equipment. In one bin all 
the essential equipment is placed. In the second bin equipment and tools which are unclear if 
they are needed at the station are put and in the third bin all equipment that is not needed is 
placed.  

 
What is removed? 

• Screwdrivers 
• Scrapes 
• Plier 
• Open end wrench  
• water container. 
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This will result in the following table: 
 

Sorting 

Essential Unclear Not needed 
Screwdriver (small & big) Plier Open end wrench 
Scrapes (small & big)   
Water container   

Table 2 Equipment sorting 

2. Go through the tools or equipment that was unclear and put them in the essential or the not 
needed bin.  

Unclear tools or equipment evaluation: 
The plier is needed later in production stage; the optimal place for it is definitely not here. This is 
motived by the fact that it’s used closer to the pelletizer than the extrusion die. Category for the 
plier for this workstation is not needed. 

 
3. Inspect the tools and equipment to asses if it needs to be repaired or replaced. 

To analyze this the following questions should be asked: 
 
Question: 
Is the tools/equipment in an acceptable state? 
Answer: 
The scrapers need to be cleaned. 
 
 

4. Investigate other unnecessary flaws and risks with the workstation. 
Ask questions about the current state to identify areas where there is room for improvement. 
Questions asked to investigate this could be: 
 
Are all the tools practical and currently the best solution? 
Is the table for tools at the appropriate height? 
Is the plate combined with the scrapes the best practical solution? 
 

The personnel needs to be educated and trained in 5S to work efficient with implementation and 
development of the 5s methodology. 
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4.1.2 Step 2 Systematize 
When the tools and equipment is sorted it is time for the next step which is to systematize the work 
station. The equipment and tools that are left in the workstation from the sorting step will now be given 
their own place. It must be clear where everything belongs to quickly be able to see if something is 
missing or misplaced. Tools that are used together or at the same work station could be marked with a 
specific color to communicate where they belong. 
  
In order to achieve a systematized work station the following steps could be followed. 

• Sort every tool by the frequency they are used. They should be easy to reach and use from the 
workers position. In this case the position for the scrapers should be close to the extruder’s 
nozzle where they are used to cut of the strands. The position should also be easy to reach and 
not force the worker to bend or move in an uncomfortable or a way. The small screwdriver 
could be placed closer to the extruder’s nozzle and the larger one could be placed in a way that 
it is as close as possible to where the strands needs to be separated in the water bath.  
Mark the tools in a clear way. 
 

• Create habits of always cleaning the tools before putting them back to make sure that they 
always are ready to use. 

• Repair or replace faulty or broken equipment. 
• Always keep the tools at their designated place. 
• Have a permanent place for every tool that is frequently used and throw away or keep tools that 

are seldom used in a storage area where it doesn’t disturb the process. 
• Mark workstations and pathways. 
• Identify and analyze what the risks are at the workstations and how these can be reduced. The 

slippery floor can lead to injuries but this could maybe avoided by using shoe spikes. 

By having a systematized work station time will be spared looking for tools when they are needed and 
by having specified position for the materiel the cleaning process will be quick and easy. 
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4.1.3 Step 3 Shine 
Next step in 5S is to keep the production area clean and tidy this means that the production equipment, 
tools, material and documentation should be kept in top condition. Everything should always be ready 
to use. A practical level of cleaning and methods to achieve this should be discussed by the production 
personnel. There is a good reason why the personnel using the process or equipment should be cleaning 
it. While doing this they will notice faults and problems earlier and this reduces the risk of larger and 
more critical failures. The personnel need to use their senses and see, smell listen and feel in order to 
identify deviations. 
  
In the workstation of the company the hoses under the bench were the tools are located would be a 
good place to do some improvements. The hoses are lying on the floor and this makes it hard to clean 
this area. The floor in this area is often wet and dirty. This makes it hard to identify leakages or broken 
pipes. A solution to this could be to tie up all hoses and make sure nothing is lying directly on the floor 
as shown in the picture below. This would make it easy to swipe the floor with a squeegee. The result 
would be a cleaner work area where leakages would be easier to detect and this would reduce the risk 
of equipment that is broken or not ready to when the production is supposed to start. 
 

 

Table 3 Extruder work station 

Important steps to do during this step: 
 

• Clean and tidy the work station and common areas carefully. 
• Discuss and develop a reasonable level of cleaning. 
• Develop a checklist over what needs to be done and cleaned. 
• Be sure to have and use correct and efficient cleaning equipment. 
• Analyze what causes the fouling of the area and solve the cause directly or develop a solution 

together with your colleagues.  

A clean working area is hygienically and reduces risks of slippery floor and fire breakouts. It is also easier 
to note deviations and if everyone agrees on the level of cleaning this will reduce the risk of conflicts. 
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4.1.4 Step 4 Standardize 
After the work station has been set in order and a level of cleaning has been agreed upon it is now time 
to make sure that the new routines is kept. When the previous steps have been conducted in a 
satisfactorily way that the involved personnel agrees upon it is time to standardize the placement of the 
equipment, tools the cleaning schedule. One way of doing this is by using photographs of how 
everything should look. It should also be encouraged to continuously improve the standards through 
continuous improvement work. . It is important that everyone agrees about the standards and their 
improvements. If someone doesn’t follow the standardized task and misplaces tools it will affect 
everyone and time will be wasted looking for the correct tools. 
The following steps could be followed during the standardization step: 
 

• Distribute areas of responsibility among the personnel that clearly communicate who should 
do what. 

• Describe when, where and how a task is supposed to be performed through Standardized work 
methods. 

•  Develop Standards for each work area. 
• Checklists and photographs are good tools to enable the personnel to follow the standards. 
• Develop a plan of how 5S will be followed up and developed. 

 

Example of checklist  
 What When Tools Why Who  
1 Clean the 

extruders nozzle 
Daily Allen key Avoid scrap  Mr X 

 

2 Control  oil level  Monthly  Minimize wear Mr X 
3 Change air filter  First of Jan & 

first of June 
Screw driver 
Air filter 

Minimize wear Mr Y 

Table 4 5S checklist 

 
The standardization is important for the personnel to know what is expected of them and what needs to 
be done to keep the organization well organized and efficient. The standardization also makes sure that 
the optimized way of work is always in use. Without standardization it is easy to slip back into old habits 
and thereby lose the effect of the developed and optimized method. 
 
It’s important to see the standards as a development work and that they are never finished. They should 
constantly be questioned in order to make them dynamic and continuously improve them.  To make this 
easy the standards should be documented in a way that communicates that it’s encouraged to make 
changes and improvements. It’s also important that the standards are easy to change so even small 
improvements are enough to trigger an update. 
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4.1.5 Step 5 Sustain 
It’s important to define how the 5S work should be conducted and create routines that everyone agrees 
with. The cleaning is an important part of this work and should be continued to be performed daily. 
Continuous improvements are a very important part of 5S and therefore it is important to create 
opportunities for the personnel to work with this. This could for example be done by introducing a 
specific time for 5S discussion during the weekly meeting where problems or development suggestions 
could be discussed. During this meeting the current state, deviations and how these should be handled 
could be discussed. 
 
Examples of steps that could be performed during the sustain step: 
 

• Follow the routines that are agreed upon. 
• Set aside time to work with 5S, for example 10 minutes in the end of every day and during 

weekly meetings. 
• Collect information and data about 5S from outside sources or maybe visit to other companies. 
• Appoint a person that is responsible of updating routines, checklists and standards. 
• Update information about the current state continuously to ensure that it’s up to date.  
• Auditing by management or cross-wise among departments/teams. 

Common routines are important and it makes it easier to maintain a structured, clean and efficient 
working environment. 
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4.2 Introducing standardized work methods 
This chapter will describe how standardized work methods were introduced and implemented in the 
company to create a more organized and efficient working environment. 
 

4.2.1 Why introduce standardized work methods 
To improve the processes within the company’s production system the introduction of standardized 
working methods were suggested. The reason for doing this is to stabilize the processes and create a 
deeper understanding of how they are performed in order to analyze them more systematically. 
Through discussion with the company’s CEO, the startup process in which the production facility and its 
machines are prepared before a production run was chosen as the first process where a standardized 
working method were going to be introduced.  
 
It was required that the standardized working method would be easy to understand for any new 
personnel that was going to be introduced to the production system and that the time needed to 
complete the activity was reduced without introducing any new safety risks for the personnel 
performing the activity. This would make the process of training new personnel easier and more 
effective. The shortened setup process time would also imply that the production system’s capacity 
would increase and costs related to working hours decrease. Another area that the standardized 
working method’s needed to take into consideration was personnel safety. 
 

4.2.2 The development of the standardized activities 
The first step when developing a standardized working method is to analyze what activities are 
necessary to complete the whole process. To identify all the necessary activities during the startup 
process an investigation was conducted were the process was visually observed and documented during 
several occasions. In preparations to the observation days a layout drawing was created where positions 
and movements occurring during the process could be documented.  
 

 

Figure 17 Factory layout 

The visual observations focused on what activities were performed, where they were performed, the 
movement between different activities and movements during the performance of each activity within 
the production facility. These observations also resulted in a list with a short description of every 
activity, the time it took for the personnel to perform each activity and any additional comments 
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necessary. The activities were also analyzed in what sequence they could be performed, to identify what 
activities were dependent of that other activities already had been completed. In total there were 23 
activities identified during the startup.  
 
In order to structure the activities and visualize how these activities were linked to each other a diagram 
was developed to present what activities was dependent of other activities. 
 

 

Figure 18 Activity dependant list 

Activity number 23 is the last activity that is completed and it is performed when all of the other 
activities are completed. The activities in the fourth tier are dependent of activities in all the previous 
tiers and this is visualized by the lines connecting the activity boxes together. The activities in the third 
tier level are dependent of activities from the second and first tier and so on. This diagram provides 
information about how the activities are dependent of each other and what activity needs to be 
completed before another activity can be performed. An example is that activity 6 must be completed 
before activity 13 which needs to be completed before activity 17 which needs to be completed before 
activity 20 is possible to be performed.  
 
The next step was to analyze the geographical position of where the activities in the production facility 
were performed and the movements required between each activity. This information was collected 
during the production days through visually observing and recording the movements of the personnel 
(which is the blue lines) and the truck (which is the red lines) in a drawing of the production facility thus 
creating a spaghetti diagram of the process. 



 36 

 

Figure 19 Spaghetti diagram of the start-up process 

 

4.2.4 Optimize the startup process 
The spaghetti diagram shows that there was potentially unnecessary movement on the production floor 
during the startup process. Movements are a type of necessary waste that is impossible to remove all 
together, but it should be reduced as much as possible. To reduce the movements, the current 
sequence of the activities could be rearranged. In order to rearrange the activities the location of each 
activity was geographically analyzed and divided into groups of activities which could be performed 
together to minimize the risk of unnecessary movements thus reducing the waste and effort. The 
activity dependent diagram was also taken into consideration in order to confirm that the solution was 
viable. 
 
This resulted in four groups of activities, in which three of the activity groups could be executed parallel 
to each other when there is more than one worker. By making groups of activities which were possible 
to perform in parallel, the time of completing the entire startup process this can be reduced.  
 
Group 1 - The extruder 
The first group is called the extruder and the activities within this group include activities that are 
performed on the main extruder and activities that are mainly located around the main extruder. 

Group 2 - The water bath 
The second group of activities is called the water bath and the activities in this group are located around 
the water bath and the pelletizer. 

Group 3 - Truck 
The third group is called truck and it includes the activities that were the truck is used. These activities 
are spread throughout the production facility but all the activities require the truck and that is the 
reason why the activities are gathered in to this group. 
 
Group 4 - Production 
The final group is called production and its activities are performed around the machine, but to perform 
these activities all of the other group’s activities have to be completed. When the activities in this group 
are done the production is up and running. 
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4.2.5 The results of the standardized work method 
The development of the standardized work method resulted in a check list that the production 
personnel can use while performing the startup and the shutdown process. The activities in the final 
check list were discussed and verified together with the CEO and the production personnel to confirm 
that the check list were accurate and easy to understand. This resulted in an updated list that also 
included a field where water and electricity consumption were to be registered before the production 
started at the top of the page. Activity group 4 was decided to be removed from the checklist, because it 
would be too stressful to use the check list once the extruder was turned on and the material started 
going through the main extruder’s nozzle.  
 
As a complement to the check list binders were developed where every activity was given a more 
detailed description about how the activity was supposed to be performed. Every activity has its own 
page in one of the binders were it is described where the activity is performed, what tools are required, 
if there are any personnel safety risks, descriptive pictures and if there is something you need to 
observe extra carefully. 
 
The finished list and a page from the binder are presented below.  
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Table 5 Developed start-up process 
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Figure 20 Example page from the standardized working methods binder 

 
These binders can be used to train new personnel and is a governing document describing how each and 
every activity is supposed to be performed from a more detailed perspective. The binders also highlight 
the risks during each activity in order to make the personnel aware of these and avoid them. Every 
activity is printed on a separate page in order to make it easy to update the pages individually when a 
new risk or a more efficient way of performing an activity is identified.    
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By observing the startup process again and record the movements a new spaghetti diagram was created 
showing the movements during the newly developed startup process. These two spaghetti diagrams 
was compared to confirm that the standardized work method give a positive results. The two spaghetti 
diagrams are presented below.  

 

Figure 21 Spaghetti diagram of the start-up process 

 

 
 

Figure 22 Spaghetti diagram of the developed start-up process 

When comparing the two spaghetti diagrams to each other it becomes clear that the movements are 
reduced when using the new developed startup process. This reduction in movements reduces the 
startup process time and thus increases the capacity of the production system. 
 

4.2.6 Standardization of the shutdown process 
In addition to the setup process the shutdown process was also standardized. This was completed by 
identifying the activities and in what sequence they should be performed in order to reduce 
movements. As in the case with the setup process this resulted in a checklist of all the activities and a 
complementary binder were the individual steps were described in detail. 
  



 41 

4.3 Introducing the OEE methodology to the company’s production 
system 
This chapter will describe how the OEE methodology was introduced, developed and finally implemented 
in the company. 

4.3.1 The reason for implementing the OEE methodology 
To enable the company to measure the utilization and effectiveness of their production system we 
introduced the OEE tool. The tool was chosen due to the simplicity of the model which makes it easy to 
introduce and implement in the company without the need of extensive education about how it works 
or how to use it. The result of the tool is also easy to interpret and it quantifies the utilization and 
effectiveness of the production system in a way that gives the management information about what 
area is working satisfactory and what area of the production system requires improvements. This makes 
the EOQ model a powerful tool that helps the management to control and prioritize improvement work 
in the production system. 
 

4.3.2 Introducing the methodology to the company 
The first step when implementing the OEE methodology was to define what the OEE would measure, 
what the result represented and what this information could be used for. Due to the integrated nature 
of the company´s production process the OEE-calculation would only take the manufacturing process of 
the main extruder into consideration. This process is the most vital part of the production and it 
contains every step from raw material to finished product and is therefore an appropriate delimitation. 
It was also made clear that the management of the company agreed about the value of implementing 
the tool to make sure that this wasn’t going to be a threat against its introduction. The requirements of 
the OEE tool was that it had to be able to present the utilization and effectiveness of the production 
process from three different perspectives as mentioned earlier in the report and that this would give 
information about where improvement work should be prioritized in order to achieve the best results. 
 

4.3.3 Development of the OEE tool 
The second step was to analyze what information the model requires in order to calculate a result and 
whether this data was available and collectable.  
 
The first part of the model calculates the availability of the production process. In this calculation the 
OEE model requires information about the amount of planned time per production run is to be used to 
produce the product and time the machine isn’t running due to machine problems or unplanned stops. 
Therefore, to calculate the availability, information concerning the length of the shifts, setup times and 
planned breaks are required.  
 
The performance part of the OEE calculation requires data regarding if reduced production speed is 
used and smaller production stops. Thereby, information about the different products regular 
production speeds, production speed used each production run and the amount of time small stops in 
the production run is required.  
 
The quality part which is the final part of the calculation needs data about the amount of material that 
is scrapped during the time span time frame that is analyzed. The parameters required for this 
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calculation is the amount of finished products that is scrapped and what the production runs outcome 
was in terms of the amount of finished product. 
 

 

Figure 23 Visualization of OEE 

After analyzing what data would be gathered during a production run the data collection sheet was 
developed. The goal was to develop a data collection sheet that could be used by the production 
personnel during the production run with ease and an excel file where the data was later was 
implemented to calculate the OEE ratio of each production run.  
 
The first version of the data collection sheet was developed before the production process had been 
visually observed during a production run. This meant that the parameters that the OEE calculation 
required to be collected during a production run were only predicted through interviews with the CEO 
and production personnel. These were the predicted factors that would cause waiting time and thereby 
affect the OEE-ratio and therefore be included on the data collection sheet: 
 
1. Unplanned larger production stops: 

1.1. The startup process would take more time than planned. 
1.2. The screw that transports material within the extruder would have the wrong setup. 
1.3. Time would be spent on waiting for the machine to heat up. 
1.4. The raw material is blended in a faulty way. 

 
2. Unplanned smaller production stops / decreased production speed: 

2.1. Broken strands in the water container. 
2.2. Problems with the pelletizer. 
2.3. The material in the feeder would run out 

In addition to these factors that would cause waiting time there was several types of scraps that were 
predicted to appear during the production: 
 
3. Scrap / reprocessing: 

3.1. Scrap during the startup process 
3.2. Faulty raw material mix 
3.3. Scrap due to problems with material puller 
3.4. Scrap due to problems with the pelletizer 
3.5. Scrapped products due to the wrong pellet size 
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3.6. Other types of scrap 

The result of the predicaments and development work lead to the following data collection sheet 
presented below. 
 

  

Figure 24 first version of OEE calculation data collection sheet 

 
The first data collection sheet were then tested during a production run and then evaluated together 
with the production personnel. The data collection sheet’s predefined causes of disruptions during the 
production turned out not to mirror the reality in a satisfactorily way. The predefined causes of 
unplanned larger stops were not wrong but they appeared very seldom and were therefore not 
interesting to take into consideration while calculating the OEE-ratio.  
 
The second category considering smaller stops or reduced production speed measured the time the 
production didn’t produce any product due to problems with the strands, the pelletizer or that the 
feeder’s material ran out. The reduced production speed could be measured. But it was found that there 
was no practical way to measure the smaller stops. When the small stops occurred it was required by 
the production personnel to restore the normal state of the extrusion process immediately and it would 
therefor force the personnel to focus on time watching while restoring the production process normal 
state. Because of this, to constantly observe the strand with a time watch was not desirable, since it 
would remove focus from the main task and also probably result in less accurate times.  
 
The third category scrap / reprocessing also needed to be redesigned. Scrap due to wrong material mix 
was something that occurred to seldom to be relevant and scraps due to problems with the pelletizer 
and its pulling task was also problems that occur too seldom to be of interest and didn’t occur once 
during all the observed production runs. The company doesn’t scrap product that is too moist but 
instead it lets it dry for a time until the product reaches a sufficient level of dryness. Therefore the boxes 
about products that are too moist were also unnecessary to incorporate in the OEE data collection 
sheet. 
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To make the data collection sheet more user-friendly the parameters was changed in a way that made it 
easier to collect data compared to the first version of the data collection sheet parameters. The part of 
the sheet that collects data to enable the calculation of the availability part of the OEE-ratio was 
therefor changed from collecting time data about different types of stops to collect data concerning 
when the production is running and when it is deviating from the schedule. The new version is 
presented in the table below. 
 

Inputs Value Format/unit 
Production day planned start-time 07:45 hh:mm 
Production day planned end-time 17:00 hh:mm 
Planned production start 08:55 hh:mm 
Planned breaks 00:00 hh:mm 
Real start-time : hh:mm 
Real end-time : hh:mm 
When product reaches the pelletizer : hh:mm 

Table 6 Time inputs for OEE 

The new table takes the scheduled times as an input and then the production personnel note the actual 
times during the production. This change made the sheet much easier to use and eliminated the need of 
using stop watches or assumptions to collect the necessary data. 
 
The second part of the data collection sheet that collected data about unplanned smaller production 
stops/decreased production speed were impractical as well due to the requirements of using stop 
watches or making assumptions. Another issue identified in this part was that during the production 
process no stops occurred due to the continuous flow from the extruder. The result of these problems 
was therefore decided not to be measured in stops. Instead, the stops were translated into the 
measurement: amount of scrapped material caused by interruptions when the strands break (which is 
normally what happens when the process is experiencing a problem) and therefore the result of these 
problems were measured in the third part of the OEE-ratio, which is the quality factor. The input for the 
performance parameters were therefor changed to only incorporate the production runs actual 
production rate and the production rate that is practically possible for the production being produced. 
The production speed parameters are presented by the table below. 
 
Set production speed of the extruder X kg/h 
Theoretical practical production speed  Y kg/h 

Table 7 Production speed input OEE 

The third part of the data collection sheet that was previously concerning different types of scrap with 
consideration to the source of the scrap, was changed into only two different types of scrap. Scrap 
produced during the startup phase and scrap produced after the production of the product had begun. 
These types were decided to use because it was hard to identify what the reason of the scrap were, and 
even if the source could be identified it was creating unnecessary effort for the production personnel in 
terms of sorting each scrap type with regard to its source. Instead, the two types of scrap were easy to 
identify and sort. By using these inputs the measuring of the scrap could be conducted after the 
production time and not disturb the actual production, which was more preferable for the personnel. In 
addition to collecting the amount of scrap, data concerning the amount of raw material that was used 
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(plastic base, small component and big component) during the production run also had to be collected 
to retrieve a result from quality factor calculation. These scrap and material parameters are presented in 
the table below. 
 
Scrap during startup (weighted) 20 kg 
Scrap during production (weighted) 30 kg 
Plastic base (totalizer) 300 kg 
Small component (totalizer) 15 kg 
Big component (totalizer) 600 kg 

Table 8 Material Input OEE 

4.3.4 The implementation of the data collection sheet for OEE 
These changes resulted in a final version of the data collection sheet that will be used during production 
runs to collect data that inputted in the OEE calculation model to get the OEE-ratio. The sheet was then 
introduced to the personnel and filling in the sheet was made a part of the work conducted during a 
production run.  
 

 

Figure 25 Data sheet OEE 

  



 46 

4.3.5 The OEE calculation sheet 
In order to transform the collected data into an OEE-ratio an excel file were developed which had an 
input page with the same appearance as the data collection sheet. Therefore the user only needs to fill 
in the same inputs in the calculation model, this could also be used to be filled directly through using a 
laptop or a tablet during the production run to prevent double work. The excel file also have a second 
page where the data is analyzed and the OEE-ratio is calculated.  
 
The availability factor is calculated by dividing the planned production time by the actual production 
time. 
 

𝑷𝑨𝑨𝑷𝑷𝑷𝑷 𝒑𝑷𝑷𝑷𝑸𝑷𝑨𝑨𝑷𝑷 𝑨𝑨𝑷𝑷 = 𝑆𝑐𝑜𝑆 𝑐𝐹𝑡𝐹 − 𝑆𝑐𝑎𝑜𝑐 𝑐𝐹𝑡𝐹 − 𝑏𝑜𝐹𝑎𝑏𝑐 & 𝑐𝑐𝑎𝑜𝑐𝑃𝑆 𝑐𝐹𝑡𝐹  
 

𝑨𝑷𝑨𝑸𝑨𝑨 𝒑𝑷𝑷𝑷𝑸𝑷𝑨𝑨𝑷𝑷 𝑨𝑨𝑷𝑷 = 𝑆𝑐𝑜𝑆 𝑐𝐹𝑡𝐹 − 𝑆𝑐𝑎𝑜𝑐 𝑐𝐹𝑡𝐹 − 𝑏𝑜𝐹𝑎𝑏𝑐 & 𝑐𝑐𝑎𝑜𝑐𝑃𝑆 𝑐𝐹𝑡𝐹  
 

𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨 𝑷𝑨𝑷𝑨𝑷𝑷 =  
𝐴𝑐𝑐𝑃𝑎𝐻 𝑆𝑜𝑜𝐹𝑃𝑐𝑐𝐹𝑜𝑜 𝑐𝐹𝑡𝐹
𝑃𝐻𝑎𝑜𝑜𝐹𝐹 𝑆𝑜𝑜𝐹𝑃𝑐𝑐𝐹𝑜𝑜 𝑐𝐹𝑡𝐹

  

 
 
The performance factor is calculated by dividing the practical maximal production speed by the actual 
used production speed. 
 

𝑻𝑻𝑷 𝒑𝑷𝑷𝑷𝑷𝑷𝑷𝑨𝑷𝑷𝑷 𝑷𝑨𝑷𝑨𝑷𝑷 =
𝐴𝑐𝑐𝑃𝑎𝐻 𝑃𝑐𝐹𝐹 𝑆𝑜𝑜𝐹𝑃𝑐𝑐𝐹𝑜𝑜 𝑐𝑆𝐹𝐹𝐹

𝑀𝑎𝐹𝐹𝑡𝑎𝐻 𝑆𝑜𝑎𝑐𝑐𝐹𝑐𝑎𝐻 𝑆𝑜𝑜𝐹𝑃𝑐𝑐𝐹𝑜𝑜 𝑐𝑆𝐹𝐹𝐹
 

 
The quality factor is calculated by dividing the mass of the used raw material minus the mass of the 
scrap by the mass of the used raw material. 
 

𝑻𝑻𝑷 𝒒𝑸𝑨𝑨𝑨𝑨𝑨 𝑷𝑨𝑷𝑨𝑷𝑷 =
𝑀𝑎𝑐𝑐 𝑜𝑜 𝑐ℎ𝐹 𝑜𝑎𝑟 𝑡𝑎𝑐𝐹𝑜𝐹𝑎𝐻 −  𝑀𝑎𝑐𝑐 𝑜𝑜 𝑐ℎ𝐹 𝑐𝑐𝑜𝑎𝑆

𝑀𝑎𝑐𝑐 𝑜𝑜 𝑐ℎ𝐹 𝑜𝑎𝑟 𝑡𝑎𝑐𝐹𝑜𝐹𝑎𝐻
 

 
 
When the data has been typed into the excel sheet the OEE-ratio is calculated and presented on the 
second page and in addition to the result the sheet also calculates the costs of the scrapped material. 
The result page shows the final OEE-ratio but it also shows the three factors individually and this makes 
it easier for the company to identify what areas have the best improvement potential. The result of an 
example is presented below.  
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Figure 26 Results from OEE 

4.3.6 OEE results 
The result of the OEE-calculation identifies the utilization and effectiveness of the different areas of the 
production system. In order to identify the root cause to these inefficiencies, methods were introduced 
to the company that systematically analyzes different areas of the problem. The first step is to identify 
and describe the problem. When this is done the problem will be analyzed using a fishbone diagram 
where different sources that might cause the problem are taken into consideration. When the source of 
the problem is identified it is important to find the root cause in order to make sure that the problem 
won’t repeat itself. This can be conducted by using the 5 Why method, where why is asked five times to 
identify the root cause of the problem.  
  



 48 

4.4 Master production schedule & Material resource planning 
In this part of the chapter the master production schedule and the material resource planning objective 
of the thesis will be explained. In order for the company to be able to plan for the futures demand a tool 
had to be created. The tool developed would mainly calculate the production capacity required and the 
amounts of raw material needed in order to meet demand.  

4.4.1 Configuration 
During production runs at the company and through interviews with the CEO of the company (who was 
also head of production) it was concluded that a tool for developing a master production schedule and 
material resource planning was needed. The main objectives of the tool were to calculate when the 
company would outgrow their current production facility with consideration to demand. The company 
also wanted to know how to act when the demand is outgrowing the production capacity and how 
much raw material should be ordered and kept in inventory. A software application had to be decided 
and Microsoft Office - Excel became the solution since Excel can handle and calculate big amounts of 
information, it’s relatively easy to use and the accessibility is high. 
  
It was decided that information about the past years demand retrieved from the company didn’t reflect 
the near future demand. Therefore this was not a good source of information to build a forecast on. 
Because of this it was concluded that a forecast was an unreliable method for the calculation to be 
based upon. Added to the unreliable information of demand was the fact that the product the company 
produces is still a new type of product on the market which results in an unpredictable and varied 
distributed demand amount frequency. However, the trend of the product was forecasted by the 
company to increase rapidly in the near following years. The company also gets a forecasted or 
predicated amount of demand to be delivered from their distributer in the early months of the year. 
This excluded the need and the relevance of a forecasting tool to be developed in this master thesis 
project.  
 
Instead the MPS/MRP calculation model would have its foundation in a demand amount that could be 
manually entered and changed by the company. The model would also need to have some other 
requirements and delimitations defined before being designed. These were: 
 

• The model would be able to plan the master production schedule and material resource 
planning for 12 months.  

• The model was going to be able to make plans and calculations for all of the company’s 
products.  

• Input parameters in the model could easily be changed if they become obsolete or if they 
change. 

Specific requirements for the MPS-part of the model: 
 

• If the company was able to produce the amount of products required. 
• If any inventory had to be carried, when it was going to be carried and by what volumes. 
• When demand became higher than the production capacity in any of the periods (months), the 

tool had to be able handle different production strategies, which then were to be compared 
and reviewed in terms of cost calculations.  

Specific requirements for the MRP-part of the model: 
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• The model had to be able to calculate the EOQ with consideration to the demand previously 

manually entered. 
• The amount of components (raw materials) required each period for the chosen product being 

produced and dependent on the production strategy chosen.  
• The number of orders of components that would have to be delivered each month. 
• The safety stock that should be kept and the reordering points for each component.  

Delimitations of the whole model: 
 

• For the sake of the user the model will just handle one product at a time, since including more 
than one product would result in more information to interpret.  

• A component order schedule is not presented by the model (on which date each order should 
be placed). 

• The safety stock calculations will only include the uncertainty in demand (excluding lead-time 
uncertainty since the information is not available) 

• The calculations made are based on the fact that orders are delivered to customers the last date 
of the month it’s produced in. If demand is satisfied partly through inventory carried, this 
inventory will be delivered on the first day in that month.  

The calculation model has many objectives and thereby it includes many formulas for calculating costs 
and quantities. Some of the most important formulas will be presented in the ongoing text.  

 
4.4.2 Model design 
The MPS & MRP calculation model is consisting of a total of six input, calculation and result sheets. The 
first sheet (sheet) is the “Demand” sheet where the demand and the product are entered. Next sheet is 
the “Products and supplier settings”. On this sheet the user can modify the products components and 
change the composition (concentration) of the finished products components. The supplier settings can 
also be modified, such as the components prices and lead times. The third sheet is MPS calculation were 
different production strategies are presented and evaluated. On the top of the third sheet some further 
inputs are necessary.  Forth sheet is the MRP calculation is executed and those calculations are based on 
the MPS sheets results, giving different results for different production strategies. On the MRP sheet no 
inputs are needed. The result sheet presents a summary of the best solution based on the parameters 
that has been inputted into the model. There is also a print sheet where the user can print a summary of 
the result on an A4-page.  
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4.4.3 Demand sheet 
 
The demand sheet is the foundation of the calculation model. On this sheet the user can choose which 
product should be evaluated throughout the model. This could be done through selecting predefined 
(but editable) products in a drop down list. The yellow fields in the model are the fields that should be 
used as input fields. Here is an example of this sheet presented below.  
 

 

Figure 27 Monthly demand input sheet 

 
The model will also need the forecasted or ordered demand for the specific product chosen to be 
entered into the model. If the user only would have to calculate the master production schedule and 
material resource plans for half a year, or even a couple of months – the demand is to be entered 
starting from above and leave the remaining months at 0.  
 
This is because if the user for example leaves the first 6 months as 0 tons in demand, and enters 
demand higher than 0 tons in the later 6 months, the model is expecting the company to be able to 
manufacture in the earlier 6 months were demand was 0. If those months were in the past, it’s 
impossible for the company to be able to produce the required demand. After the demand and product 
has been entered on this sheet, the setting of the model continues on the next sheet. 
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4.4.4 Product and supplier settings sheet 
 
The next sheet is also an input sheet. As in the previous sheet the yellow fields in the model are the 
fields that should be used as input fields. The bright gray columns are either units or calculation fields. 
This sheet is presented in the figure below. 
 

 

Figure 28 Products and supplier settings 

 
Here the user can find the company’s product information. Since company´s finished products are built 
up by varying concentrations of components. This sheet needs inputs on what the percentage of each 
component which the different products consists of. This will later be required when the model is 
calculating the material resource plan. This sheet also holds the products individual type, service level 
and purchasing price.  
 
The additional information on this sheet is concerning the company’s suppliers. The supplier settings 
contains information about lead times from supplier to the company, if any minimal order quantities 
exists, the standard component price and if discount quantities are available and the new discounted 
component price. The model will on the MRP sheet calculate the Economical Order Quantity, if the EOQ 
quantity is higher than the discount quantity the model automatically chooses the discount price for the 
component and this will lower the “Material price (kr)” of the product and thereby the yearly inventory 
holding for that component (later calculated on the MRP sheet). Since all inventory holding costs in the 
MPS calculation is based on the material price, this is also affected if there is a discount quantity that is 
higher than the EOQ.  
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4.4.5 MPS sheet 
The master production schedule that was going to be created had as previously decided have to include 
how the company could cope with demand that was higher than their current production capacity. Since 
the company currently didn’t have any decided production strategy, but mainly produced against order 
and delivered right away without holding any inventory the MPS calculation was also defined as a model 
to choose the production strategy. Another requirement that was introduced in the MPS calculation 
should be able to preview the amount of production time required to completing any order quantity 
(demand).  
 
The two most relevant production strategies were therefore chosen before starting designing the MPS 
calculation sheet. When the demand outgrew the production capacity the company should either 
produce against inventory in periods (months) where the demand was lower than production capacity, 
which would result in higher inventory holding costs then regularly. The other alternative was that the 
company employees temporary extra personnel in periods were demand were higher than regular 
production capacity, which would result in another one or two more shift and would cost more in 
personnel costs. These two production strategies would later be developed into two addition 
production strategies. To analyze which one of these four production strategies that the company 
should follow, a cost calculation was used to motivate which solution should be chosen.  
  
On the top of the MPS calculation sheet there is input necessary for the calculation to work. The inputs 
are information required regarding production and supply chain properties. These inputs have been 
categorized in three colors that have different meanings. Green inputs can easily be changed to the 
users liking while blue inputs could be changed if they become obsolete and red inputs should not be 
changed since they are calculated through the model itself. The properties and the top of the MPS sheet 
are presented below.  
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Figure 29 Master Production Schedule  

Under each headline in the model a description included so the user will know what the following 
calculations will result in or if anything is expected by the user at each stage.  

Production strategy 1 – Manufacture with increased workforce 
In the next chapter of the MPS calculation sheet, the first production strategy is calculated. In this 
scenario the production strategy is to produce the demanded product quantity during each month 
without holding any inventory. In periods where the demand is higher than the production capacity the 
company will hire extra workers to cover up the missing production capacity, thereby will one or two 
more shift be implemented to the production strategy during these periods (does not count the hiring 
and layoff cost). The user can also see the production time required to produce the product under this 
strategy as presented below.  
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Figure 30 Manufacture with increased workforce 

 
The first step in the calculation is to calculate the amount of production time the demanded product 
quantity requires each month. This is calculated through the following formula: 
 

Production time required (h) = 
Demand (per month)

Production capacity (kg)* Production hours (h)-Setup time (h) 

 
Then the number of shifts needed to produce the demanded amount is calculated, with consideration to 
the setup time – the setup is usually done one time per day.  If there is only one shift required the 
production can occur on regular working hours, whereas no cost calculation is required since this is not 
increasing the costs. The shift calculation is followed by the amount of regular personnel production 
hours that is required and the amount of extra personnel production days and hours required. Finally 
the cost calculation for the extra personnel is completed. The formula used for calculating the personnel 
cost: 
 
Extra personnel cost (18-06) (kr) = 
Exceeding working hours (h)*Extra personnel cost (kr)*Inconvenient working hours extra personnel (%) 
 
The cost calculation is based on real figures for employing extra personnel per hour. However, the cost 
calculation of the extra personnel cost is varying depending on if the worker is working during 
inconvenient working hours or on regular working time. This is why the model is calculating these two 
costs separately. Depending on how the company is choosing to schedule its shift, the appropriate cost 
can manually be selected. The standard choice in the model is the inconvenient working hour cost.  
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At the end of the calculation sheet the user receives information about if the solution is possible. This 
verification in this strategy is dependent on if the number of working hours is kept under 24 hours per 
production day. The total cost of the production strategy is also displayed.   
 

Production strategy 2 – Manufacture to inventory 
The next strategy on the MPS sheet is to manufacture with regular personnel and use the inventory as a 
buffer to take finished products from in months when demand is higher than regular working capacity 
during that month. This would imply that no extra personnel costs would affect the cost calculation and 
that the existing employees at the company would work one shift on regular working hours without any 
overtime.  
 

 

Figure 31 Manufacture to inventory 

The following formulas were used:  
 
𝑰𝑷𝑨𝑷𝑷𝑨𝑷𝑷𝑨 𝑷𝑷𝒄𝑨 (𝒌𝑷)

= 𝐼𝑜𝐼𝐹𝑜𝑐𝑜𝑜𝐼 𝑆𝑎𝑐𝑐𝐹𝑜𝑜 (𝑏𝑜) −
𝑂𝐼𝐹𝑜 𝑆𝑜𝑜𝐹𝑃𝑐𝑐𝐹𝑜𝑜 (𝑏𝑜)

2
∗ 𝑈𝑜𝐹𝑐 ℎ𝑜𝐻𝐹𝐹𝑜𝑜 𝑐𝑜𝑐𝑐 (𝑏𝑜)   

Where:  
Inventory pattern (kg) = the accumulated amount of kilograms held in inventory (negative inventory 
pattern is the amount of products that couldn’t be produced) 
Overproduction (kg) = the amount of kilograms produced to inventory (over the demand that month) 
Unit holding cost (kg) = how much one kg of the chosen product costs to store one month. This cost is 
solely based on the cost of capital. Since other holding parameters such as material handling, rent, 
insurances etc. were difficult to estimate. The formula used for the unit holding cost was:  
 

𝑼𝑷𝑨𝑨 𝑻𝑷𝑨𝑷𝑨𝑷𝒉 𝑷𝑷𝒄𝑨 (𝒌𝑷) =
𝐶𝑜𝑐𝑐 𝑜𝑜 𝑐𝑎𝑆𝐹𝑐𝑎𝐻 (%)

100 ∗ 𝑀𝑎𝑐𝐹𝑜𝐹𝑎𝐻 𝑆𝑜𝐹𝑐𝐹 𝑆𝐹𝑜 𝑏𝑜 (𝑏𝑜)
12

 

 
(Divided by 12 since the result is the inventory cost per month)  
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When the product demand is higher than the production capacity the company will use the whole 
month where this occurs for production, having no extra capacity to use for over production that 
month. This is because the calculation model wants to minimize the amount of products that is going to 
be held in inventory the previous months.  The rest of the product demand can be supplied from the 
inventory from months before where demand was lower than production capacity. In this way the 
demanded amount of products that isn’t supplied by the production capacity that month is accumulated 
as inventory through over production in previous months. The over production and accumulation of 
inventory is carried out until it covers the total demanded inventory. 
  
The calculation is based on that the amount of products demanded is delivered at the end of each 
month. If inventory is held and used to satisfy the demand the part of the demanded amount that is 
taken from inventory will be delivered in the beginning of the month to minimize the inventory cost.  
 
The cost calculation in this production strategy is the inventory holding cost for amount of finished 
goods that is carried as inventory each month.  
 

 

Figure 32 Liable confirmation 

This solution is possible if the amount of products that needs to be kept in inventory is under the 
previously defined “Private warehouse finished product capacity”, which can be found at the top of the 
calculation sheet under inputs. This input is setting a limit for the maximum amount inventory that can 
be held. Also, the available capacity in earlier months has to be higher than the amount of production 
capacity demanded by following months – to be able to over produce the demanded amount of 
products.  

Production strategy 3 – Hybrid 1 
Hybrid 1 is a combination of the two previously mentioned production strategies. This solution was 
developed after analyzing the previous two original solutions: manufacture with increased workforce   
and manufacture to inventory. And it was assessed that to a high degree the most cost efficient 
alternative seemed to be to manufacture to inventory. Hybrid 1 is a production strategy that is 
manufacturing against inventory as long as the inventory is under the “private warehouse finished 
product capacity” limit.  After the inventory capacity limit has been reached the model is using the 
production strategy manufacture with increased workforce to be able to deliver the rest of products 
that is not being supplied by inventory held. This hybrid solution is therefore divided into two separate 
calculations, first getting the result of the manufacturing to inventory and secondly the result of 
manufacturing with increased workforce.  
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Figure 33 Hybrid 1 

 
The first step in the first calculation being conducted in this strategy is to classify to what extent the 
available production capacity could be used in order to manufacture to inventory with consideration to 
the inventory capacity limit. The next calculation completed is the classification of the demand, if the 
demand is above the inventory capacity limit the model is designed to comprehend that it’s impossible 
to only use inventory to satisfy the demanded product quantity. Hence, the model recognizes that the 
limit has been breached and sends the amount over the limit to the “Left to produce (kg)” column. The 
“Inventory pattern (kg)” column will collect the result of the amount of inventory being built (positive 
inventory). Then the inventory holding cost, total production and over production each month is 
presented.  
 
The rest of the demand that is not supplied by the inventory held in previous months (the negative 
inventory pattern) is sent to the “Left to produce (kg)” column, were the second part of the calculation 
has its foundation.  
 

 

Figure 34 Manufacture the rest of the demand with increased workforce 
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The second part of the calculation uses the rest of the demand that couldn’t be supplied by the built up 
inventory and is manufacturing this quantity the months were there was a shortage of production 
capacity. The outcome of the first calculation was in kg so initially this is converted into “Extra 
production time required (h)”, followed by how many shifts is required and finally the “Extra personnel 
cost (kr)” for both regular and unconventional working hours, the standard solution is using the 
unconventional working hours costs. If the solution is possible the “TRUE” value appears and the total 
cost of the first and second calculation is added to become the total cost of hybrid 1. In this case the 
solution is “FALSE” if the shift time required is exceeding 24 hours per day.  
 

Production strategy 4 – Hybrid 2 
In the final strategy the company is only to manufacture against inventory on regular production hours. 
When the inventory capacity limit is reached, the rest of the products is stored and handled by a 3rd part 
logistics provider. The logistic provider´s cost is previously entered on the top of the sheet, in the 
“Supply chain properties” input box.     
 

 

Figure 35 Hybrid 2 

 
The solution is possible if the available capacity in the months before is higher than the demanded 
amount production capacity the following months. Which would imply that the amounts of products 
demanded is possible to manufacture without adding any extra workforce. The total cost is the sum of 
the total inventory holding cost (“Inventory cost” in the picture) and the 3rd part logistic inventory cost 
which is calculated through the following formula. 
 

𝟑𝑷𝑷 𝒑𝑨𝑷𝑨 𝑨𝑷𝒉𝑨𝒄𝑨𝑨𝑷 𝑨𝑷𝑨𝑷𝑷𝑨𝑷𝑷𝑨 𝑷𝑷𝒄𝑨

=
𝑃𝑜𝑜𝐹𝑃𝑐𝑐 𝑞𝑃𝑎𝑜𝑐𝐹𝑐𝐼 𝑜𝐼𝐹𝑜 𝐻𝐹𝑡𝐹𝑐 (𝑏𝑜)

Pallet weight (kg)
∗ 3𝑜𝐹 𝑆𝑎𝑜𝑐 ℎ𝑜𝐻𝐹𝐹𝑜𝑜 𝑐𝑜𝑐𝑐 (𝑏𝑜 𝑆𝐹𝑜 𝑆𝑎𝐻𝐻𝐹𝑐 𝑆𝐹𝑜 𝐹𝑎𝐼) ∗ 30 (𝐹𝑎𝐼𝑐 𝑆𝐹𝑜 𝑡𝑜𝑜𝑐ℎ)  
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4.4.6 MRP sheet 
 
The material resource planning calculation is based on the four strategies in the MPS. Information 
required is also belonging to the MRP calculation sheet is the “products & supplier settings” and the 
demand sheet. On the MRP sheet no further inputs are required. 
 
The MRP sheet calculates the economic order quantity for every component necessary for 
manufacturing the product and demand previously chosen on the demand sheet. The EOQ is not 
dependent on what production strategy is being chosen – since the calculation only involves the 
parameter that doesn’t change between the different productions strategies. These parameters are 
demand, inventory holding cost and ordering cost. 
 

 

Figure 36 MRP sheet top 

 
If the component has a supplier minimum order quantity “Min. Order quantity, entered in the “Product 
and supply chain settings” – sheet) and the EOQ calculation results in a quantity lower than the 
suppliers minimum order quantity, the minimum order quantity is chosen as the order quantity to use 
instead of the EOQ. The user can manually change the order quantity under the “manually adjusted 
order quantity” column. EOQ is calculated through following formula:  
 

 

𝑶𝑶𝑸 (𝒌𝒉) = √(2∗𝐴𝐴𝐴𝐴𝐴𝐴 𝑑𝑑𝑑𝐴𝐴𝑑 (𝑘𝑔)∗𝑂𝑂𝑑𝑑𝑂𝑂𝐴𝑔 𝑐𝑐𝑐𝑐 𝑝𝑑𝑂 𝑐𝑂𝑑𝑑𝑂 (𝑘𝑂)
𝐶𝑐𝑑𝑝𝑐𝐴𝑑𝐴𝑐𝑐 𝑦𝑑𝐴𝑂𝐴𝑦 ℎ𝑐𝐴𝑑𝑂𝐴𝑔 𝑐𝑐𝑐𝑐 (𝑘𝑂)

  

 
(Where the components yearly holding cost (kr) is based as previously solely based on the cost of capital) 
 
Dependent of what production strategy is selected the MRP model is calculating the required ordering 
quantity of each component the chosen product consists of. The amount of orders that needs to be 
delivered each month is also calculated. At last the recommended safety stock and reordering point is 
calculated for all components. As an example the production strategy manufacture with increased 
workforce´s MRP is presented below. Remember that this solution does not spread out the demand 
over other months, leading to high quantity requirements each month.  
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Figure 37 Minimum material requirements each month 

Firstly the minimum material requirements are presented. This calculation is based on the concentration 
of each component that the product chosen is manufactured with and the products demand that 
month. These are the minimum requirement which means that no safety inventory is included in the 
calculation.  
 

 

Figure 38 Minimum amount of orders to be delivered 

Secondly the minimum amount of orders to be delivered is presented, which basically is the exact 
amount of orders that needs to be delivered each month. This calculation is the minimum material 
requirements divided on the order quantity previously calculated (either the EOQ or the supplier 
minimum order quantity).  
 

 

Figure 39 Whole numbers of orders to be delivered 

 
Thirdly the whole numbers of orders to be delivered is presented. This part of the calculation creates 
whole orders out of the minimum orders. The calculation is accumulating the “minimum number of 
orders to be delivered” values to create as little inventory as possible after month 12. The amount of 
materials that is left in inventory after 12 months is presented in the “Left in inventory (kg)” column.  
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Figure 40 Safety stock and reordering point cost calculation 

The final sets of calculation is regarding the safety stock quantity, Re-Ordering-Point (ROP) in kg and cost 
calculation concerning the yearly safety stock and material holding cost. These are calculated using the 
following formulas: 
 

𝑺𝑨𝑷𝑷𝑨𝑨 𝒄𝑨𝑷𝑷𝒌 𝒒𝑸𝑨𝑷𝑨𝑨𝑨𝑨 (𝒌𝒉) =  𝑁𝑂𝑁𝑀𝑆𝐼𝑁𝑁(𝑆𝐹𝑜𝐼𝐹𝑐𝐹 𝐻𝐹𝐼𝐹𝐻) ∗ �(𝐴𝐼𝑜. 𝐻𝐹𝑎𝐹 𝑐𝐹𝑡𝐹 (𝑡𝑜𝑜𝑐ℎ𝑐) ∗
 𝑆𝑐𝑎𝑜𝐹𝑎𝑜𝐹 𝐹𝐹𝐼𝐹𝑎𝑐𝐹𝑜𝑜 𝐹𝐹𝑡𝑎𝑜𝐹2(𝑏𝑜) +  𝐴𝐼𝑜.𝐹𝐹𝑡𝑎𝑜𝐹(𝑏𝑜))   
 
(Where NORMSINV is the excel function for the inverse of the standard normal cumulative distribution) 
 
𝑹𝑶𝑷 (𝒌𝒉) = 𝑇ℎ𝐹 𝑆𝑜𝑜𝐹𝑃𝑐𝑐´𝑐 𝑐𝑜𝑡𝑆𝑜𝑜𝐹𝑜𝑐𝑐 𝑎𝐼𝐹𝑜𝑎𝑜𝐹 𝐹𝐹𝑡𝑎𝑜𝐹 (𝑏𝑜) ∗ 𝐻𝐹𝑎𝐹 𝑐𝐹𝑡𝐹 (𝑡𝑜𝑜𝑐ℎ𝑐) +
𝑐𝑎𝑜𝐹𝑐𝐼 𝑐𝑐𝑜𝑐𝑏 𝑞𝑃𝑎𝑜𝑐𝐹𝑐𝐼 (𝑏𝑜)   
 
𝒀𝑷𝑨𝑷𝑨𝑨 𝒄𝑨𝑷𝑷𝑨𝑨 𝒄𝑨𝑷𝑷𝒌 𝑷𝑷𝒄𝑨 (𝒌𝒉)

= 𝐶𝑜𝑡𝑆𝑜𝑜𝐹𝑜𝑐 𝐼𝐹𝑎𝑜𝐻𝐼 ℎ𝑜𝐻𝐹𝐹𝑜𝑜 𝑐𝑜𝑐𝑐 (𝑏𝑜) ∗ 𝑆𝑎𝑜𝐹𝑐𝐼 𝑐𝑐𝑜𝑐𝑏 𝑞𝑃𝑎𝑜𝑐𝐹𝑐𝐼 (𝑏𝑜) 
(Where the component´s yearly holding is based as previously solely based on the cost of capital)   
 
𝒀𝑷𝑨𝑷𝑨𝑨 𝑷𝑷𝑷𝒑𝑷𝑷𝑷𝑷𝑨 𝑨𝑷𝑨𝑷𝑷𝑨𝑷𝑷𝑨 𝑷𝑷𝒄𝑨 (𝒌𝑷)

= # 𝑜𝑜 𝑡𝑜𝑜𝑐ℎ𝑐 𝑟𝐹𝑜𝐹 𝐹𝑜𝐼𝐹𝑜𝑐𝑜𝑜𝐼 𝐹𝐹𝐹𝑐𝑐 ∗ 𝐴𝐼𝑜. 𝑜𝑜𝐹𝐹𝑜 𝑞𝑃𝑎𝑜𝑐𝐹𝑐𝐼 (𝑏𝑜)
∗ 𝑐𝑜𝑡𝑆𝑜𝑜𝐹𝑜𝑐 𝐼𝐹𝑎𝑜𝐻𝐼 ℎ𝑜𝐻𝐹𝐹𝑜𝑜 𝑐𝑜𝑐𝑐 (𝑏𝑜) 

 
(The “Yearly component inventory cost (kr)” is a calculation of the yearly inventory holding cost for the 
components based on the number of months the inventory have to be kept. Where: order quantity / 2 
(EOQ or minimum order quantity divided by 2 to get the average inventory level) and component´s yearly 
holding is based as previously solely based on the cost of capital. ) 
  
This calculation is done for all 4 production strategies. However, the manufacture to inventory and the 
hybrid 2 production strategies are combined since these are manufacturing the same amount each 
month. Lastly the result of each production strategy is presented, showing the sum of the yearly safety 
stock and inventory holding costs. 
  

 

Figure 41 Overall total cost  
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4.4.7 Result sheet 
As a summary of all calculations made and the production strategies investigated in the model a sheet 
for the result of the most economical solution was created. This sheet is collecting all information 
necessary to create a production schedule and plan resource (material) quantities and orders. It also 
gives the estimate of what the option will cost in total (the result is not counting regular working salaries 
of the companies employees since these aren’t changing depending on production strategies).  
 

 

Figure 42 Overall result 
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6 Discussion  
In this chapter the methodology used in this work, the implementation and results given by the previous 
chapters will be discussed. The discussion describes the authors own opinions and perceptions of the 
master thesis project. A discussion of the results has been created to argue for and against the reported 
results.  

6.1 Approach  
The thesis projects primarily outline and goals were received through Swerea IVF. During the start of this 
thesis the projects goals was not yet fully defined. The first item created was a time schedule to help 
organize the work that lie ahead of us the following months, keep track of the time spent in each period, 
inform the company and advisers of what information and assistance we might need each period and 
also assist in the planning of meetings.  

6.1.2 Problem analysis 
Considering that the goals were not completely clear, the first task was to confirm that the goals that 
would be developed were in line with what the company desired. At the company in question, the 
production system was still in its startup phase and we identified many areas where the thesis work 
could contribute with improvements. Since there were so many areas where improvements could be 
done but only a limited amount of time we decided to define the goals of the thesis with a wide 
spectrum at the beginning. During this phase we also analyzed the production facility, manufacturing 
process and the company’s current state. 
 
Due to the limited practical experience of the authors it was hard to know in the beginning how many of 
the goals we were going to fulfill and what areas should be focused on first. During observations at the 
production, interviews with the company´s CEO and through guidance from Swerea IVF and KTH the 
original goals together with the wide spectrum of possible thesis work areas was narrowed down until 
only the most relevant goals of the company remained. We also defined in what sequence the 
implementation and development of each method should be conducted in order to develop a good as 
possible result. 
 
We realized during this phase that we already had most of the theoretical knowledge necessary to 
conduct the thesis, but the work that was going to be conducted was mostly practical and focused on 
implementation and practical matters such as templates for standardized work and the implementation 
of the standardized working methods. We discovered that our adviser at Swerea IVF had a lot of 
practical knowledge and experience and could assist with the implementation and practical matters of 
the thesis. 
  
When the goals of the thesis were agreed upon, we mainly used our own knowledge to define a frame 
of what theory could be applied to fulfill the goals. In order to fully understand the extent of the theory 
some research had to be done to refresh and refine our knowledge. The study of tools and theories that 
could be applied to fulfill the goals was also kept in a wide spectrum. The company had already 
developed an interest to the Lean production and wanted to adopt this philosophy. Therefore the path 
of what theory should be applied was easy to choose. Together with the advisers we paired the goals 
with different theories and tools. Then we limited the number of theories to study and tools to use to 
the most relevant considering the situation of the company. The choices of theories and tools that were 



 64 

made were pretty straight forward due to the fact that we knew what theories and tools could be 
applied on what situation in terms of production development and supply chain management. However 
we also got assistance from the advisers to choose the most suitable solutions. 
  

6.1.3 Data collection 
During the development of the master production schedule and material resource plan the parameters 
necessary to develop the model were collected through interviews with the CEO (which also was the 
head of production). Information regarding standardized work was collected in the production facility 
before, during and after a production day through visual inspection and timekeeping.  
 
When evaluating the standardization of the setup and shutdown process before and after the 
production we tracked the workers visually in their activities, in which sequence the activities were done 
and where the activities were carried out geographically in the production facility. By bringing a layout 
that was previously created we could map the movements of the workers and thereby give the company 
a motivation of why standardization of the activities should be implemented.  
 
When investigating what 5S station that should be used as an example in the guide, we visually noticed 
that during production runs the tools at the selected station weren’t always in their right place. This 
directly resulted in more material and movement waste when collecting the tools. This seemed like the 
most appropriate station to begin the implementation of 5S since the company could relate to the  
 
In the creation of the OEE calculation the original idea was to collect time data through noticing stops in 
the production. But through visual inspection, timekeeping and trail of the original OEE data collection 
sheet during the first production run we realized that measuring the time for stops on a production that 
almost always is continuous was really unpractical and hard. Instead the model was modified in a way 
that made data collection practical and easy. Instead data was collected through the material waste. The 
collection of data for the OEE calculation was collected on every production run during the period of the 
thesis.  

  



 65 

6.2 Results 
The result of this project is a set of methods that the company can use to prepare their production for an 
expected increase of demand. In order to make the working environment within the production more 
organized and efficient standardized work methods have been introduced along with 5S. The result of 
these suggestions will here be discussed in this chapter. 
 

6.2.1 Standardized working methods 
Due to that the company is still in its startup phase there is a lack of experience and knowledge about 
the different activities within the production process. Therefore these activities are often performed in 
different way with different outcomes. The establishment of standardized work methods cures this 
problem by simply defining how they should be performed.  
 
The startup process was chosen as the first task that was to be standardized. The standardization were 
done by making a binder where every step of the process were defined with a map of where it were 
supposed to be performed and a picture with a describing text about how it would be performed. In 
addition to this we also added information about safety risks and tools that were required to perform 
the task. When the design of the binder were developed the layout were inspired by the element sheets 
that Scania is using to define and standardize their processes. The result were tested during actual 
production with recently hired personnel to evaluate if the instructions were clear enough for someone 
who only seen the process once to perform it. The binder was given to the production worker and he 
could actually perform the startup process by himself. This is one of the great values of introducing 
standardized working methods, those new personnel can use the binder as an educational tool to learn 
and be able to perform the task very quickly. 
 
The standardization of the task also makes the process more stable in terms of time it takes to complete 
it. This makes it easier for the company to plan the production. During the standardization of the task 
the different steps were analyzed more in depth which resulted in a more optimal sequence that 
reduced the time of the process by reducing unnecessary movements. The standardization of the task 
made the process less stressful to perform because the worker knew exactly what was needed to be 
done and in what order. When the standardized work were combined with the checklist the worker also 
had control of what was done and could easily note if any step had been forgotten. 
 
The tasks were given a specific number to indicate in what order they were to be performed but this 
was later removed to communicate that the standard is never final and encourage the workers and the 
management to keep trying to improve the steps and the sequence to improve the standard. 
 
The standardization of the tasks is also important in to benefit from various improvements. The 
standardized working methods can also be a tool that can be used to investigate quality and safety 
problems. If a deviation occur in any of these areas one of the first things to investigate is if the 
standardized working methods was followed and if it was the standard needs to be updated to make 
sure it won’t occur again in the future. Without standardization it is very common that improvements 
are only used for a short while and then the old habits come back thus eliminating the gain from the 
improvement work that has been so hard worked for. 
The shutdown process was also standardized during the project but this task was performed in the same 
way as the standardized setup process and is therefore not presented in detail. Information about the 
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standardization of the shutdown process doesn’t add any valuable information and were therefore 
chosen not to be explained more than it has been in this report.   
 

6.2.2 5S 
5S were also introduced to the company but due to lack of time the methodology were only discussed 
and complemented with a guide of how to implement the tool. The guide includes suggestions about 
steps that could be taken at a specified work station where the strands come out from the extruder. The 
guide could be used at any station or area within the production and it would result in a more organized 
working environment with less unnecessary equipment that might disturb the production process. As 
stated in the guide it’s important not to only follow the guide blindly but also to continuously seek 
knowledge and competence outside the company.  
 
It is important to follow all the steps and develop habits to make sure that a 5S initiative doesn’t only 
turns into a cleaning and sorting project. Many 5S initiatives fail at the creating habits step of the 
process because they only follows the steps and then think they are done with implementing 5S in the 
company but this is an ongoing process that never finishes but that needs to be worked with and 
developed constantly in order to fully gain from the tools benefits. To ensure the success of future 
implementation it’s important that not only the management but also the workers understands the 
benefits of the method. The goal of implementing 5S should be discussed and developed together in the 
company. 
 
As in the standardized working methods improvements should be worked with continuously and 
workers should be encouraged to question routines and placement of equipment. The developed guide 
should not be seen as a governing document that needs to be followed exactly during a future 
implementation but rather as guidelines to give tips about what to analyze and take into consideration. 
 

6.2.3 OEE 
The project also resulted in the introduction and implementation of OEE data collection and calculation. 
This was done for the company to be able to investigate the utilization of their production system. The 
value of the tool were clearly communicated with the management and then rather quickly 
implemented.  
 
The OEE calculation measures the utilization through three different factors availability, performance 
and quality. This can be used to identify in what area the system use the least of its capacity. This tool 
should be used both to measure the utilization but also to make sure that the utilization is kept at a 
stable level. The measurements can also be used to set future goals such as increasing the availability of 
the system by 5% within one year.  
 
It is also important to remember that the OEE-ratio is an overall measurement and the result doesn’t 
show the specific reason to why the system doesn’t use its full capacity but only the ratio in the three 
measurement areas. As an example the quality factor doesn’t say exactly where the scrap is generated.  
 
During the collection of data to the OEE calculation the production personnel needs to be observant if 
there is something that deviates from the normal behavior in the production. If data from a specific 
incident makes it in to the OEE calculation as normal behavior and is reported to the management there 
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is a risk that resources will be spent on areas that is not the most critical. Therefore the OEE data 
collection sheet has a complementary field where special deviations must be reported. 
 
The result of the OEE calculation also needs to be evaluated so the company understands how the 
results affect the company. In order to make sure that the results of the calculations represents the 
normal behavior it is important to make several measurements to get sufficient data about the stability 
of the process and how the results changes from time to time. This also reduces the impact from single 
incidents and makes sure the results represent the reality in a better way to make the measurements 
more reliable. The quality factor for example entails extra costs for the company due to the cost of the 
raw material and therefore this part of the OEE-ratio might be more profitable to improve. The method 
of collecting data for the OEE-ratio is already implemented and integrated to the company’s routines 
today. 
 
The input needed to calculate the ratio is already integrated to the company’s existing production 
protocols. The data collection needed for the OEE-ratio calculation is also now a part of the standardized 
shutdown process previously implemented. This was done by having a step where the production 
personnel collected the scrap at the end of the production and weighted it and then compared the 
amount of scrap to the total produced material. This step only adds a few minutes to the close down 
process and therefore it is believed that the methodology of investigating the OEE-ratio will keep being 
used by the company in the future. 
 
Traditionally the calculation of the performance part is done using data about smaller stops during the 
production but due to the continuous process of extrusion there are seldom any total stops in the 
production. Therefore these stops were replaced with the material feeding speed which is measured in 
Kg/h on the machine. This measurement is very easy to collect and the collection doesn’t disturb the 
production process. This measurement was assumed to be sufficiently accurate because it was used to 
ensure the chemical mixture of the company’s product where accuracy more important. The accuracy 
was also controlled by comparing the machines measurements with the actual weight of the produced 
product and the scraped material and this difference were only 12 kg on a production of 920 kg which is 
only 1,2%. 
 
Data about broken strands were meant to be part of the performance factor of the OEE-ratio but were 
then moved to the quality part. This was done because it was hard to separate the different types of 
scraps and we wanted to make sure we didn’t measure anything twice. By collecting all scraps in the 
quality factor we also made it much easier to collect the data and make it part of the standardized 
working method where all the crap is gathered and put on a scale at the end of the day. 
 
In order to find good solutions to unused capacity identified by the OEE-calculation methods were 
introduced where the root cause of the problem is identified. The proposed method is to use an 
Ishikawa diagram to make a sure that every area that might affect the result is taken into consideration 
an when the most potent cause is identified the 5 why method should be used to investigate the root 
cause. When the root cause of a problem is identified and a solution to this is provided the problem 
should not occur again and this is the value of implementing this methodology where problems are 
analyzed thoroughly once so their negative effect only affect you once. The methodology is time 
consuming and therefore it is often easier to use a quick fix to solve the problem. But this seldom solves 
the underlying cause and therefore they often reappear again and again until the root cause is 
eliminated.  
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It is important to find a good balance between using only quick fixes and spending too much time 
analyzing problems and their root causes. If you over analyze every problem these methods will hurt the 
company more than they help. It is also important to be patient and train the personnel in these 
methods because the first times they are used they will be time more consuming but these times will be 
reduced with some experience. 
 

6.2.4 MPS & MRP calculation model 
The finished MPS & MRP calculation model handles a lot of different input parameters and variables to 
make the calculations as close to reality as possible. However, more parameters could be implemented 
to modify the calculations and make them even more accurate.  
 
The demand sheet only handles one product at a time which results in that the total demand and 
material requirement is not calculated. Instead the user must create one calculation model per product. 
And then use the result of each model as a frame of what production strategy to use and how much 
should be ordered in total. If the user wants to evaluate if the company’s capacity can handle all of the 
demand the user can choose to implement all of the demand and evaluate a worst case scenario. We 
investigated the possibility of implementing all of the products in the same calculation model but it 
became too complicated to implement because of the limited amount of time. Instead, the one product 
per calculation model was decided to be enough. 
  
On the products and supplier settings sheet the user can easily modify the product and supplier settings, 
this makes the model more realistic but at the same time it increases the chance for the user to make 
mistakes when making changes. For example can the products material concentrations be changed, 
what has to be kept in mind is that the concentrations have to be 100 %, no more and no less. To 
implement new products and component we created extra three empty input rows and columns, but if 
the number of products or materials increase above this amount the user have to understand the 
following calculation sheets. If however the materials compositions or products being produce become 
obsolete, the user can make a new version of the calculation model to implement new products and 
material components and just exchange old ones. 
   
When creating the calculations for the production strategies we primarily only had two strategies, 
manufacture with increased workforce and manufacture to inventory which were two extreme 
strategies. It was the evaluated through a large number of trails with different inputs that the 
manufacture to inventory almost always was going to be the most economical solution for the company. 
Because of that we created two more strategies, based on the decision that the manufacture to 
inventory strategy was the cheapest one. It was also decided that a limit for how much finished product 
inventory could be carried should be implemented. Because of these decisions the hybrid solutions 
became as they are formulated in the calculation model. We feel that the decisions we made are quite 
realistic since we used the parameters that we obtained from the company and made a big amount of 
tests of the primary two strategies before deciding the new strategies. 
 
When the model calculates the holding costs it uses the value of the material and the cost of capital into 
consideration. But holding costs often includes other areas such as inventory risks, handling and 
deterioration costs. These areas are not taken into consideration in the calculations because they are 
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hard to investigate. If the company wants to take these into consideration we recommend that they 
simply add a percentage to the cost of capital factor. 
  
The material resource plan for each component of the product was decided to incorporate the whole 
amount of orders to be placed to make the solution more useful. This way the user can find how many 
orders should be placed each month. By manually evaluate all of the products the user can choose the 
order quantity that is closest to all of the products average economical order quantity and then collect 
all orders from each product to get the total amounts of orders each month. The safety stock of the 
products should only be evaluated and taken into account if the demand entered is a forecast. If the 
demand is entered as quantities that are confirmed by the seller, the safety stock calculation should not 
be included in the evaluation. This is because safety stock should only be held if the demand and 
supplier lead time is unreliable. If the demand and supplier lead time is reliable, the safety inventory has 
no function. However, the manufacturing process has also to be kept in mind when manually evaluating 
what safety stock to be kept. If the process is unstable and component is wasted during the 
manufacturing process, more safety stock has to be held.  
 
When using the model it’s important to remember where the demand entered on the demand sheet is 
the result of. Either the demand can be the result of a demand forecast or a secure order demand. If the 
demand entered is the result of a demand forecast the user have to remember that a forecast is never 
correct and because of this the calculations based on the demand will not be correct. This spawns the 
need of a higher component safety stock of each product, which can be entered on the product and 
supplier settings sheet. The user should also consider having a safety stock of finished products. If the 
demand entered comes from a known demand, such as a customer order, the user doesn’t necessarily 
need to keep as much safety stock. The model should in this fashion not be interpreted as an absolute 
result and the company should have margins on the parameters inputted. Instead the calculation model 
should be used as a guide to analyze future resource and capacity needs.  
 
The calculation model was decided not to incorporate a demand forecast because of the fact that the 
company had a retailer that already produced their demand forecasts. This would only result in more 
information to interpret and more effort spent on the model. Instead the user has to choice to make an 
analysis from the retailers forecast or existing customer orders. To make the company more aware of 
what to think about when entering different sources demand and using different parameters a guide 
was developed. Also, to show the impact of different choices on these parameters a sensitivity analysis 
of the calculation model was made.   
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7 Conclusion 
During the conduction of this master thesis the questions formulated through the objective were to be 
answered. This chapter will answer how the solutions created throughout the master thesis are 
answering the questions of the objective.  
 

1. How can the company organize the working environment in order to achieve higher production 
efficiency? 

 
This question has been answered through introducing the 5S methodology to the company, the creation 
of a guide and the given example of a workstation to start on. Through following these guidelines we 
think that the company can achieve a more organized workplace, although the guide explained through 
the report should give the company of how the practical implementation should be executed on the 
example station and future implementations. The standardization of the startup and shutdown process 
is an important part of increasing the production efficiency. This is because these processes require a lot 
of time and thereby some of the actual production time is neglected. If the company can continue to 
standardize the startup and shutdown processes the company can continue to reduce a lot of effort and 
increase actual production time. Through the use of these tools we feel that we have identified and 
created methods to give the company answer the question. This is a continuous work and the company 
should always try to find new areas of improvement and implement 5S and standardize as many 
activities and processes as possible. 

 
2. In what way can the company measure their production system in order to identify 

inefficiencies and find solutions to these problems? 
 
In order for the company to be able to measure the effect of implementing different improvements in 
the future we created an OEE calculation model. Through the use of this model the company can collect 
reliable data of which areas improvements should be made and at the same time measure the 
production effectiveness of the implementations made. Since all of the production is evolving around 
the main extruder this calculation feels like a good approach. The problems or areas of improvement 
can then be evaluated with the two problem solving methods that have been introduced to the 
company and are presented in the report.  
 

3. What production strategy should the company use to manage the future demand and the 
warehousing capacity in order to be cost effective?  

 
Through the creation of the MPS & MRP calculation model the company can estimate how they should 
act in the future when the demand is higher than their own production capacity. The company can from 
this model get an idea of what production strategy they should choose in order to be cost efficient. This 
model demands a higher degree of understanding then the rest of the suggestions that this master 
thesis has developed but we think that using the model will give the company a good long-term cost 
reduction strategy. It also grants the company an idea of at what demand the company should expand 
their inventory facility or use 3rd party logistic provider. 
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8 Recommendations and future work 
In this chapter general opinions and recommendations are provide.   
 
The project has resulted in the introduction and implementation of standardized working methods. Both 
the startup and shutdown processes have been standardized with checklists and binders that describe 
the tasks and how they are supposed to be performed. It is important that the company doesn’t stop 
developing these standards but keep on using and improving them. The production personnel needs to 
make sure that they always follow the standards and if they deviate from them analyzes why the 
standards weren’t followed and if there is an easier way of performing the task. It’s important to also 
question the standards and analyze if there are ways of improving them. It’s recommended that 
standardization of tasks should be expanded to include more and more tasks. 
  
5S haven’t yet been implemented at the company but this should be a natural next step in order to 
make the working environment in the production facility more organized and efficient. When the 
company starts implementing the 5S methodology it’s important that they make sure that everyone is 
onboard with the idea to make it work. It’s recommended that the company start as soon as possible 
with the implementation in order to build a 5S culture from the start so they don’t need to change an 
already existing culture in when the expected increase of demand occurs. In the beginning of the 5S 
initiative it’s good to start with a small area and do it thoroughly and learn the different steps and create 
useful experience and then scale up gradually until the whole company is involved. The company should 
also remember that a 5S initiative never finishes but is a continuous work with continuous 
improvements. It’s also recommended for the company to continuously seek information and educate 
the personnel in the methodology of 5S. 
  
The methodology of calculating the OEE has given the company a tool to measure and investigate the 
utilization of their production facility. This measurement should be used in order to identify where in 
the production system there are unused capacity. The OEE- ratio is also a tool that can be used to set 
future goals for the company. Before any of this happens it’s recommended that the company analyses 
what the effect the different factors have on the company. This should be done in order to make sure 
that the company benefits as much as possible from future improvement work. The OEE measurements 
should be conducted frequently in order to make sure that the process is stable and that the quality 
doesn’t start to decrease. A solution to this could be to calculate the OEE ratio once every month and 
make it a standardized task. 
 
The problem solving methodology that was introduced to the company is a good way of analyzing 
problems and deviations. The company should be register and document all problems and accidents and 
then use the Ishikawa and 5why methodology in order to make sure that the problems only needs to be 
solved once. This will reduce the risk of unnecessary repetitive work. The company should make time 
during weekly meetings and go through observed problems and develop solutions together. 
 
Scheduling of the production is something that the company will have to start doing when the expected 
increase of demand arrives. The developed tool will help the company to this and it will also save the 
management a lot of time. It is important that the company uses this tool to investigate their capability 
of delivering in a way that satisfies the customers. The company also needs to make sure to update the 
inputs for the tool in order to make sure that the result represents the reality in a good way. 
We think that it is important that the company starts working with continuous improvements in a 
systematical way.    
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