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Abstract  
 
This is a master thesis in Industrial design engineering at Luleå University of 
Technology. The project was carried out between August of 2017 and January 
2018. The thesis is done at Lindbäcks Bygg AB in Piteå. Lindbäcks is a 
manufacturer of wooden apartment buildings. The buildings are built with 
modules that are made in factories. In connection to the main factory in Öjebyn, 
there is an external production line that creates special products. This external 
production line is referred to the Sub-Factory in this thesis. The objective of the 
project is to design the Sub-Factory to meet the future needs. By investigating and 
analyzing the current state as well as the requirements of needs, concepts of change 
will be developed and presented. The project aim is to present a decision basis on 
how to utilize the Sub-Factory in the future and suggestions on implementation of 
changes to reach the future state. 
 
A theoretical framework was established to create a scientific foundation for the 
project. To create an understanding of the current state observations, interviews, 
and document reviewing were the main methods. The main problems were noted. 
The problems were analyzed to map out their underlying causes. With these 
problems and causes in mind, objectives of the solution were established. 
Conceptual solutions were then generated using creative methods such as 
brainstorming, layout ideation, benchmarking, and workshop. 
  
The gathering of data showed that the main problems of the Sub-Factory were that 
the capacity was limited, and the factory was inflexible. The underlying causes of 
these problems were: wrong or non-arriving material, faulty drawings, waiting, 
blocked transport aisles, and that the Sub-Factory is less prioritized than other 
parts of Lindbäcks. 

  
The final results aim to fulfill the objectives of the solutions. The final solution 
consists of five concepts; layout, routines, machines and equipment, test runs, and 
production planning. The layout solution aims to solve several of the objectives by 
inducing shorter and more efficient flows. The other concepts aim to complement 
the layout so that all objectives can be fulfilled. To implement these solutions an 
implementation strategy has been established. The implementation strategy 
suggests an order of implementation and why to implement in this particular 
order. 
 

 

KEYWORDS: Production development, Flexibility, Layout, Production flow, 
LEAN, House module manufacturing, Implementation strategy 
 

 



 

Sammanfattning 
 
Detta är ett examensarbete inom teknisk design på Luleå tekniska universitet. 
Arbetet har baserats på ett projekt som har pågått mellan augusti 2018 och januari 
2017. Examensarbetet är utfört på Lindbäcks Bygg AB i Piteå. Lindbäcks är en 
tillverkare av flerfamiljshus i trä. Husen byggs ihop av husmoduler som i sin tur 
byggs i Lindbäcks fabriker. I anslutning till huvudfabriken i Öjebyn ligger ett 
sidoflöde som sköter specialtillverkning. Detta sidoflöde kallas inom Lindbäcks för 
Öjebyn 2 men i denna rapport är det benämnt som Sub-Factory. Syftet med 
projektet är att utforma Öjebyn 2 för att möta framtida behov. Genom att 
undersöka och analysera nuläget ska förändringsförslag utvecklas och presenteras. 
Målet med projektet är att presentera ett beslutsunderlag för förändring samt ett 
implementationsförslag för de lösningar som presenteras. 

 
En teoretisk referensram upprättades för att skapa en vetenskaplig grund för 
arbetet att stå på. För att undersöka nuläget användes metoder som intervju, 
observation och dokumentgranskning. Problemområden i nuläget konstaterades. 
Problem analyserades för att finna de bakomliggande orsakerna till varje problem. 
Problemen och dess orsaker ledde fram till en specifikation av mål och krav med 
lösningen. Konceptlösningar togs sedan fram med hjälp av kreativa metoder såsom 
brainstorming, layoutframtagning, benchmarking och workshop. 
 
Datainsamlingen påvisade att de huvudsakliga problemen med den nuvarande 
användningen är begränsad kapacitet och inflexibilitet. Analysen visade att 
underliggande orsaker till dessa problem är: uteblivet eller fel material, felaktiga 
ritningar, väntan, blockerade transportgångar och att Öjebyn 2 inte är en 
prioriterad avdelning inom Lindbäcks organisation.  
 
Det slutgiltiga lösningen syftar till att lösa de mål som sattes upp. Lösningen består 
av fem olika koncept: layout, rutiner, maskiner & utrustning, testkörningar och 
produktionsplanering. Layoutlösningen syftar till att lösa flera av de övergripande 
målen genom att medföra förbättrade materialflöden. De andra koncepten syftar 
till att komplettera layoutlösningen så att alla de övergripande målen kan  uppnås. 
En implementationsstrategi diskuterades och en implementationsmodell togs 
fram. Modellen föreslår vilken ordning de olika koncepten bör implementeras för 
bästa resultat. 
 

 
NYCKELORD: Produktionsutveckling, Flexibilitet, Layout, Produktionsflöde, 
LEAN, Husmodultillverkning, Implementationsstrategi 
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1  Introduction  
This is a master thesis in Industrial design engineering at Luleå University of 
Technology. The project was executed between August 2017 and January 2018. The 
thesis is about a development project regarding a sub-part of a factory at the 
company Lindbäcks Bygg AB, located in Piteå, Sweden. The purpose of this project 
is to find a way to make the Sub-Factory a flexible resource to the other main 
factories. This chapter introduces the project by describing the background behind 
the project as well as its objectives and aims. 
 

1.1  BACKGROUND 
Lindbäcks Bygg AB is a manufacturer of wooden houses. The company specializes 
in industrial manufacturing of modules for apartment buildings and is a leader in 
its field. Today the main production is located in their factory in Öjebyn, outside of 
Piteå. However, a new factory is being constructed in Haraholmen, also outside of 
Piteå. Thus, there will be parallel production at the two factories. In addition to 
these production lines, there is an external production line that is supposed to 
support both of the main factories. This external production is locally known as 
Öjebyn 2 and is a sub-part of the current main factory. This part of the factory will 
be referred to as the Sub-Factory in this thesis. The vision of the Sub-Factory is 
that it should be a flexible unit that can increase the capacity of the main 
production, perform test runs, and be used for educational purposes. 
 
The underlying reasons for the need of this project are derived from changes in the 
production system in combination with an expansion of the factory. In conjunction 
with a recent expansion of the main factory in Öjebyn, Lindbäcks implemented a 
single piece flow with a constant takt time. This modification has resulted in a 
rationalization of the production in the main factory and means that there are 
fewer possibilities for variation of the products. Also, the single piece flow means 
that there isn’t any room for testing and experimentation as it would have to 
involve stopping the production. Furthermore, education and training of personnel 
in the main factory becomes a financial risk as any stops due to the training would 
be expensive. These changes have increased the importance of the Sub-Factory 
since it’s now the only alternative for producing special products in-house, 
experimentation as well as education of personnel.  

 

1.2  STAKEHOLDERS 
The key stakeholders of this project are the employees of the Sub-Factory and the 
owners of the company. Among the employees, the staff in Sub-Factory are key 
stakeholders since they will be affected first hand by any changes regarding the 
Sub-Factory. Since they are an important part of this project, they have been 
involved by listening to their opinions and suggestions in different phases of the 
project. 

 
Management staff are also stakeholders among the employees since they may be 
affected by any changes regarding for example planning, logistics, or material 
handling. They have been involved through interviews in different stages of the 
project. 
 

The owners of the company are also key stakeholders since they are the most 
interested in the economic aspects of the project. Their perspective has been 
considered by keeping the proposed solutions within reasonable financial 
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boundaries and highlighting financial benefits of implementing the solutions. 
 
Also, Luleå University of Technology is a stakeholder in this project since the group 
members represent the university. It is in the university's interest that the project 
is successful and that the students meet the requirements for graduation. To make 
sure that the university get well represented and the thesis meets a certain 
standard, guidelines for thesis work has been followed. Also, there has been regular 
reconciliation meetings with the supervisor from the university. 
 

1.3  OBJECTIVE AND AIMS 
The objective of the project is to design the Sub-Factory to meet future needs. By 
investigating and analyzing the current state as well as the requirements of needs, 
concepts of change will be developed and presented. 
The project aim is to present a decision basis on how to utilize the Sub-Factory in 
the future and suggestions on implementation of changes to reach the future state. 
 
The main question that this project aims to answer is: 

How should the Sub-Factory be organized to work as a flexible 
resource to the main factories? 

To answer the main question, the following sub-questions must be answered. 
 
How should the Sub-Factory be designed to make it more flexible? 
 
How can education and training be implemented as a regular function of the Sub-
Factory? 
 
What competence will be needed in the Sub-Factory and how can it be increased? 
 
How should Lindbäcks transition from the current state to implement the 
solution? 
 

1.4  PROJECT SCOPE  
The boundaries of this project will be defined by following delimitations. 
 
This project will go on for about 20 weeks from August 28th. During these 20 
weeks, the time spent on the project is 8 hours per day per person. This will round 
up to 800 hours per person in total in project time. 
 
The solutions of this project will not consider the internal material handling even 
though it’s considered a cause of other problems. The material handling is operated 
by another function of Lindbäcks and is outside of the Sub-Factory’s area of 
responsibility. For the same reason, the problematic situation regarding faulty 
drawings won’t be targeted by the solutions. 
 
There will not be any data gathering from the new factory at Haraholmen even 
though the solutions are supposed to support both factories. This is because the 
factory isn’t in full production yet. Data for the factory will be derived from the data 
of the factory in Öjebyn. 
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1.5  THESIS OUTLINE 
Chapter 1 includes the introduction of the thesis. It describes the background of 
the project, who the stakeholders are, as well as explaining the objectives and aims 
of the project. Chapter 2 describes the context of the project and introduces the 
company in which the project was performed. Chapter 3 describes the theoretical 
framework of this project as well as describing the subject of Industrial design 
engineering. Chapter 4 describes the process of the project and the methods that 
have been used. Chapter 5 contains a description of the current and future state of 
the Sub-Factory. Chapter 6 presents the analysis of the problems described in 
chapter 5. Chapter 7 specifies the objectives of the solution and presents a 
specification of requirements for the layout. Chapter 8 presents the different 
conceptual solutions of this project. Chapter 9 describes the evaluation process of 
the concepts. Chapter 10 presents the detailed design of the chosen concepts. 
Chapter 11 describes a strategy on how to implement the suggested solutions. 
Chapter 12 contains a discussion of methods that were used and the results of the 
project. It also contains reflections on the project and is concluded by answering 
the research questions. Chapter 13 contains our recommendation to Lindbäcks. 
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2 Context 
This chapter describes the context of this project. It contains general facts about 
the company Lindbäcks as well as highlighting circumstances that are relevant to 
understanding the incentives of the project and its importance. 
 

2.1 LINDBÄCKS 
Lindbäcks Group is a family-owned company group consisting of three 
subsidiaries: Lindbäcks Bygg, Lindbäcks Fastigheter, and Lindbäcks Boende. The 
company that is mainly involved in this project is Lindbäcks Bygg and is therefore 
referred to as Lindbäcks in this project. It started 90 years ago as a small sawmill 
in a village outside of Piteå. Today, Lindbäcks is the leading company in Sweden in 
industrial manufacturing of wooden apartment buildings (Lindbäcks, 2017). The 
apartment buildings are built with modules that are assembled at the construction 
site. The modules are created from drawings and have necessities such as kitchen 
and bathroom already installed when arriving at the construction sites. Each 
building project is customized to the customer's preferences, which means that the 
projects rarely looks the same. Because of the high degree of customization, 
Lindbäcks has a specialized team working on creating drawings for each project. 
Figure 1 and 2 show different projects by Lindbäcks. 
 

2.2 PRODUCTION SYSTEM 
Today, Lindbäck’s production is rooted to the main factory in Öjebyn, outside of 
Piteå. Every 55 minutes a module is finished in the factory. Lindbäcks have put 
much effort into developing the production system by constantly improving and 
rationalizing their way of building modules. Today, the factory in Öjebyn is highly 
automated, regulated by a constant takt time, and is currently managing a single 
piece flow of house modules. The takt time alongside the single piece flow is a 
rather new change to the Öjebyn factory. A year ago the production system partly 
consisted of parallel lines which meant a lot of work in process. The current 
production system means less work in process but is also more sensitive to 
interruptions and irregularities of the production. If a station fails to keep up with 
the 55 minutes of takt time the whole production chain stops. These kinds of stops 
are very expensive and may cause delays to the current and future projects. 
 

 

 

Figure 2: Interior of a Lindbäck apartment. Figure 1: An apartment house project by Lindbäcks. 



 5 

At the site in Öjebyn there is also a sub part of the main factory, see Figure 3. This 
part of the factory is locally known as “Öjebyn 2”. However, in this project, this part 
is referred to as the Sub-Factory. The rationalization of the main factory has led to 
a production system that can’t handle variations as well as before. Hence, there is 
a need for a function that can cover for the inability of the main factory and handle 
those variations. The Sub-Factory acts as a support function and produces modules 
that cannot be, or are too inefficient to be, produced in the main factory. Also, 
miscellaneous parts such as walls and floors that are not assembled to modules are 
produced in the Sub-Factory. 
 

 
Figure 3: Overview of the site at Öjebyn 
 
In addition to the factory site in Öjebyn, there is another factory that is currently 
under construction and will be launched for production in the early parts of 2018. 
The factory is located in Haraholmen outside of Piteå and is supposed to manage 
twice the capacity of the factory in Öjebyn. The new factory is not supposed to 
replace the current factory, meaning that the overall capacity may potentially be 
three times higher than today. 
 

2.3 LEAN PRODUCTION AT LINDBÄCKS 
Lindbäcks is a modern company with Lean production running through the entire 
organization. Lean coordinators on Lindbäcks are working every day to keep 
improving the organization as well as maintaining the Lean production spirit.  
 
Having daily meetings is an important part of the daily routines. Every day, each 
section of the organization has its own meeting with an executive where they 
discuss five categories as well as give information to the workers. The categories 
are safety, quality, delivery, economy, and employeeship. The reports of these 
meetings are forwarded to the next level in the organization. In the final meeting, 
a representative of each section of the organization reports their daily status update 
to the CEO. In this meeting, the CEO walks through the different categories and 
the representatives give the updates from their respective section. If there is any 
problem, they discuss how to solve it. In those cases, the representative is given a 
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deadline when the problem has to be fixed. 
 
A method that is a key feature of the Lindbäcks production system is 5S. This is 
used to organize the production as well as keeping it clean. Every tool has its own 
place and is easy to reach. Cleaning is a regular task that keeps the factory clean. 
In the factory, every operation on every station has its own standardized operating 
procedure, SOP. These SOPs are created to ensure that the workers are doing the 
operation on the best way possible at the time. The workers sometimes think of 
better methods to perform some operations. In those cases, the worker has a 
responsibility to establish a new instruction. Thus, the SOPs are improved 
continuously whenever a better way is found.  
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3 Theoretical Framework 
This chapter presents the results of the literature reviewed in this project. To get a 
more scientific approach to the project and get a more immersive understanding 
of the subject, a broad literature review has been performed. This chapter is 
introduced with a description of the field of industrial design engineering to clarify 
what the field is about. This is followed by an immersive study of relevant theories 
that lay a basis for the results. 
 

3.1 INDUSTRIAL DESIGN ENGINEERING 
This thesis is executed within the area of industrial design engineering. Thus, the 
theoretical framework to support the work will be regarding that area. Industrial 
design is a wide field that includes a big variety of areas and perspective. The 
concept design itself is a wide area and the word “design” can be both a noun and 
a verb. Hence design can mean both our conception of a thing as well as the process 
to develop something to get to that state (Giacomin, 2014). A common 
characteristic among the areas within industrial design engineering is that there is 
a distinct connection to human-centered design. The concept of human-centered 
design isn’t as easy to define as design, and the definitions are usually vaguer. 
However, Giacomin (2014) notes that a common interpretation is that “…human-
centred design is based on the use of techniques which communicate, interact, 
empathize and stimulate the people involved, obtaining an understanding of their 
needs, desires and experiences which often transcends that which the people 
themselves actually realized” (p.610). He also suggests that a major difference to 
the term “design” is that human-centered design is derived from the needs of users 
rather from the designer’s personal preferences. 
 

3.1.1 PRODUCTION DEVELOPMENT 
When talking about production development it may be of interest to first clarify 
what a production system is. A production system is a system in which input is 
transformed into output (Bellgran & Säfsten, 2005). This transformation is only 
possible if you organize technology, energy, information, and labor to create the 
output (Bellgran & Säfsten, 2005). The input in this context is raw material 
whereas the output is the finished product or component.  
 
Bellgran and Säfsten (2005) describe the production development process as 
developing the production ability and creating effective production processes by 
improving an already existing system or by creating a new one. A good way to start 
the production development process can be to visualize the flow of materials in the 
production system. By doing so, you can get a more holistic perspective of the 
production system (Abrahamsson, et al., 2016). Although when broadening the 
perspective it is important to not only consider the technology but also the human 
part of the system (Bellgran & Säfsten, 2005). Bellgran and Säfsten (2005) point 
out that if only the technology part of the system is regarded, there is a risk of sub-
optimization. That is a solution that is not optimal from a wider perspective. The 
human part of the system may be parts involving work organization and work 
environment. 
 

3.2 LEAN PRODUCTION 
Theory regarding Lean Production is relevant to this project since Lindbäcks has 
implemented a lot of Lean principles and it has become an important part of their 
organization. By including theories on this subject, the solutions can be more 
suited for the specific organization at Lindbäcks. 
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Lean Production is a production philosophy, derived from Toyota Production 
System (TPS), that focuses on eliminating activities that don’t add value (Bellgran 
& Säfsten, 2005). Nonvalue adding activities are often referred to as waste. Ohno 
(1988), the original creator of TPS, mentions seven kinds of waste, namely: 
overproduction, waiting, transportation, excessive processing, inventory, 
movement and faulty production. Another waste that was identified by Liker 
(2009) is the unused creativity of the workers. Those who do not care or listen to 
the workers can miss out on important knowledge and experience that the workers 
may have. Ohno (1988) means that absolute elimination of waste is the core of TPS 
and the two pillars to support the whole system are just-in-time (JIT) and 
autonomation. He describes JIT as a system where the right amount of parts 
arrives at the right time in an assembly line. He also suggests that a company who 
can reach JIT completely can reach a state of zero inventory. Autonomation can be 
described as automation with a human touch. At Toyota, this was implemented by 
utilizing machines that stopped when something went wrong and this worked as a 
quality insurance as the machines produced fewer faulty parts (Ohno, 1988). 
 
Liker (2009), who has studied TPS for 20 years, describes 14 principles which the 
TPS rests upon. He divides the principles into four different groups, namely 
Philosophy, Process, People/partners, Problem-solving, see Figure 4.  
 
The philosophy category contains 
the principle to make decisions 
based on a long-term perspective.  
 
Principle 1: Short-term financial 
goals might have to be overlooked if 
it’s required for the long-term 
approach. 
 
The process category involves 
principles to create processes with 
an efficient flow and short lead 
times.  

Principle 2: Develop processes that bring out any problems and make them visible. 
It partly involves using single piece flow manufacturing, which makes problems 
show due to the lack of buffers. The team has to solve problems spontaneously, 
which forces them to think and by that way learn and develop. 
 
Principle 3: Production levels should be according to the demand. This would avoid 
potential over production. The purpose of this principle is to achieve a pulling 
production system that adapts to the needs of the customers. 
 
Principle 4: Even out workload over time. The production level should ideally be 
even over time. The challenge is to be flexible and adapt to the customer’s demand 
and yet have even production levels. There is no point of exact adaptation to the 
customers if no production consistency can be established. 
 
Principle 5: Instantly trying to solve problems. Problems that arise in the processes 
should be dealt with as soon as possible. This means that processes should be 
stopped if that’s necessary for the problem to be solved. This principle is about 
quality insurance in the processes. Quality controls should be an easy task and 
engage the team. 

Figure 4: The 4P model (Liker, 2009) 
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Principle 6: Make standardization of work the foundation of staff participation and 
improvement. The usage and establishment of standardized instructions rely on an 
understanding among the team members about its importance. Developing 
standard procedures for new products can advantageously be done by gathering 
people with expertise from different aspects of the product and mutually develop 
the method for the product. This avoids chaos but still makes the establishment of 
work methods a democratic process. 
 
Principle 7: Visualizing information and making sure problems gets visible. This 
principle is about reducing the risk of problems getting hidden due to disorder. A 
method to follow this principle is the 5S method which involves five cyclic steps: 
Sort, Set in order, Shine, Standardize and Sustain. 
 
Principle 8: Using the right technology to make the most out of the people. The 
purpose of the principle is to let the people solve the problems. The technology 
should only be an aid that supports the people in the problem-solving. It’s 
important that the technology is reliable and is well proven to be working. 
 
The people/partners category involves principles to establish a certain culture 
within the company.  
 
Principle 9: Developing leaders that live by the lean philosophy and passes it on in 
the organization. To have leaders that understand the company and its culture it’s 
a good idea to form people within the organization into the leading roles, rather 
than employing established leading figures from the industry. 
 
Principle 10: Develop excellent people and teams in the organization, which 
understand the company’s philosophy. Teams should be developed to support the 
team members to a good job. In the end, it’s the individual people that stand for 
the work and it’s the team that should encourage and support the individuals. 
 
Principle 11: Develop good relations with subcontractors and help them improve 
by putting pressure and challenging them. The purpose is to establish a mutual 
development and achieving a win-win situation in the long-term perspective. It’s 
important to use subcontractors for certain activities, but it’s also important to 
make sure that the own competence stays within the organization. 
 
The problem-solving category is about principles that drive the learning 
processes by seeking root causes to problems. 
 
Principle 12: See the problems with your own eyes. Use a critical approach and 
don’t blindly rely on all information. See for yourself and use your own mind make 
decisions. 
 
Principle 13: Make decisions in a slow and controlled fashion but execute fast. Use 
the majority of the time in a project to plan and motivate decisions. The careful 
planning allows a quicker implantation without interruptions due to unexpected 
problems. 
 
Principle 14: Strive for continuous improvement and constant reflection to become 
a learning organization. Always try to identify root causes to problems and take 
action to solve them. The principle is about seeing mistakes as an opportunity for 
improvement. To be able to reach a state of continuous improvement it’s vital to 
get the individuals to reflect on their actions and taking responsibility for learning 
within the organization. 
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3.3 PRODUCTION FLEXIBILITY 
An important aspect of this project is to propose solutions that can increase the 
flexibility in the Sub-Factory. Flexibility will be defined and expanded to different 
kinds of flexibility so it can be applied to this project. 
 
Flexibility can, according to Upton (1994), be defined as “... the ability to change or 
react with little penalty in time, effort, cost or performance“ (p.73). Meanwhile, 
Sethi and Sethi (1990) suggest that manufacturing flexibility means the ability to 
reconfigure resources to enable efficient production of a variety of products. Sethi 
and Sethi (1990) also break down manufacturing flexibility into 11 different 
aspects, or types, of flexibility: 
 

• Machine flexibility - the machine’s abilities to perform different types of 
operations.  

• Material handling flexibility - the system’s ability to move and handle material 
and parts to achieve proper positioning and processing. 

• Operation flexibility - flexibility in which operations the products must go 
through in the system. 

• Process flexibility - the ability to produce a wide set of products without major 
setups or reconfigurations. 

• Routing flexibility - the system’s ability to vary the routes of the products. 

• Product flexibility - the system’s ability to handle modifications of the products 
by adding or replacing existing parts. 

• Volume flexibility - the ability to maintain profitability at different levels of 
production volume. 

• Expansion flexibility - how easy it is to increase the capacity if and when needed. 

• Program flexibility - the system’s ability to be programmed to run by itself. 

• Production flexibility - the spectrum of products that the system is able to 
produce without major investments and changes in the system. 

• Market flexibility - the ability to change in line with changes in the market. 
 
Gerwin (1993) adds to the concept of flexibility by proposing that flexibility can be 
in either defensive or proactive fashion. He means that flexibility conventionally is 
viewed as a defensive, or reactive, response to uncertainty in the environment. 
However, he suggests another perspective where flexibility can be exploited 
proactively by for example redefining market uncertainties. By being flexible the 
market needs can be influenced, and in that way redefinition of the market can lead 
to advantages over the competition. He also mentions a banking strategy which 
involves keeping hold of flexibility. Banking can be used both defensively by 
keeping flexibility for sudden needs and proactively by using the banked flexibility 
to influence the market when needed. 
 

3.4 PRODUCTION FLOW 
A central factor in most production systems is the different flows that occur. In 
order to develop complete concepts, it is relevant and important that principles of 
flow are taken consideration to meet requirements regarding flow and resource 
efficiency. 
 
Flow is a term in production systems that describes a movement within a 
production system (Bellgran & Säfsten, 2005). Normally, three different kinds of 
flow are taken into account in production development; material flow, information 
flow and flow of people. In development projects, the primary flow to consider is 
the material flow within the factory walls, according to Bellgran and Säfsten 
(2005). The material flow includes, for example, raw material, material in process 
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and finished products. Shingo (1994) suggests that in order to make a system more 
efficient, it’s necessary to improve the product flow prior to improving the actual 
operations. 
 
To determine the performance of a flow, Modig and Åhlström (2015) introduce the 
concept of flow efficiency. They mean that flow efficiency is a new way of defining 
efficiency, which doesn’t follow the traditional pattern of measuring efficiency 
through resource utilization. In a manufacturing setting, flow efficiency considers 
how much a product is refined in a given period of time. Modig and Åhlström 
(2015) refer to the traditional way of measuring efficiency as resource efficiency. 
They define resource efficiency as the percentage time utilization of a resource in a 
specific period of time. Hence, a fundamental difference between the two way of 
measuring efficiency is that flow efficiency regards the products while resource 
efficiency regards the resources. 
 
Modig and Åhlström (2015) point out that achieving both high resource and flow 
efficiency is beneficial for a company as it would result in higher profitability as 
well as satisfied customers. However, they mean that the two types of efficiency are 
hard to combine and increasing them at the same time is a difficult task. An 
excessive emphasis on resource efficiency can lead to prolonged throughput times, 
more units in the system, as well as more system resets, which all restrict the 
possibility of flow efficiency (Modig & Åhlström, 2015). 
 

3.5 LAYOUT 
In production development, the layout can be defined as the physical placement of 
machines and equipment on the shop floor (Bellgran & Säfsten, 2005). There are 
a few basic layouts that are suitable for different production situations: fixed 
product layout, process layout, cellular layout, and production layout. Which kind 
of basic layout that is the most suitable is generally decided by 2 main factors, 
namely product variety and production volume (Drira, Pierreval, & Hajri-Gabouj, 
2007).  
 
Fixed product layout is mostly used when the product is very large such as aircrafts, 
ships, or highways (Abrahamsson et al., 2016; Bellgran & Säfsten, 2005). This type 
of layout is also useful when building complex products in small volumes 
(Abrahamsson et al., 2016; Bellgran & Säfsten, 2005). The work in a fixed product 
layout is often very much like craftsmanship where the competence of the single 
worker is high (Bellgran & Säfsten, 2005). The workers, the materials, and the tools 
are all brought to a fixed station where all the processes of the production are 
performed (Drira, Pierreval, & Hajri-Gabouj, 2007). 
 
In a process layout, equipment of the same kind is allocated in the same place 
(Drira, Pierreval, & Hajri-Gabouj, 2007). In a mechanical workshop, this means 
that machines that have similar functions are grouped together such as, drilling 
machines, lathe machines, or grinding machines are grouped together (Bellgran & 
Säfsten, 2005). This layout can be of good use when working with a high variety of 
products in small volumes (Drira, Pierreval, & Hajri-Gabouj, 2007). However, a 
problem in practice with this layout can be long waiting queues for some machines 
and before transportation between operations (Bellgran & Säfsten, 2005). 
 
A Cellular layout is used if you have products with high variety and large volumes, 
or products with long throughput times (Bellgran & Säfsten, 2005). In this type of 
layout, the operations are sequentially ordered to process groups of similar 
products (Drira, Pierreval, & Hajri-Gabouj, 2007). The cellular layout creates good 
conditions to reduce work in process and create short throughput times but is less 
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flexible than the process layout (Bellgran & Säfsten, 2005).  
 
When a product is created in large volumes with low variety the product layout is 
most suitable (Drira, Pierreval, & Hajri-Gabouj, 2007). The product layout is 
ordered in sequence of operations and often have some sort of transportation 
system between the operations (Bellgran & Säfsten, 2005).  A product may have 
short throughput time, low work in process, high resource efficiency and short 
learning periods, but it is not flexible, it is sensitive to interruptions, and may have 
monotone work tasks (Bellgran & Säfsten, 2005). 
 

3.6 ORGANIZATION THEORY 
Organization theories, which involve changes in an organization and user 
involvement are of importance to this project. This research area will help justify 
why user involvement is used and how to get the concepts and ideas accepted for 
implementation. 
 
When making changes within an organization, conflicts may occur due to 
resistance. To avoid these conflicts a good way is to involve the users in the 
planning of the changes (Coch & French, 1948). Karlsson, Osvalder, Rose, Eklund, 
and Odenrick (2010) are suggesting that a high degree of user participation is a key 
factor to a successful change project. The user involvement used in this project 
focuses mainly on extracting the knowledge of the production system from the 
workers. The employees in a production environment often have a lot of knowledge 
and experience. User involvement is, therefore, a good way to make use of the 
existing knowledge and experience within the company (Abrahamsson, et al., 
2016). Kujula (2003) argues that an early user involvement can be very successful 
in terms of system quality and user satisfaction. However, users may know 
everything there is to know about their fields but they are not necessarily experts 
in design. Therefore, the designer should take an active role in the user 
involvement process (Kujala, 2003). 

 
In this project user participation is particularly used in the idea generation, the 
creative phase, and the evaluation process. 
 

3.7 WORK ENVIRONMENT 
Although the main focus in this project is not the work environment, some research 
has been done to ensure that the solution of this project does not have a negative 
effect on the work environment and if possible even improve it. 
 
The work environment can generally be described by different factors, such as 
lighting, noise levels, ergonomics, and social aspects. In this project, the work 
environment studies will focus on ergonomics as it’s the most relevant aspect of 
the situation in the Sub-Factory. 
 

3.7.1 MANUAL HANDLING 
Musculoskeletal disorder, or MSD, is a term described as ill-health of the 
musculoskeletal system; muscles, cartilage, ligaments, nerves, tendons, and 
skeleton (Ergonomics for the Prevention of Musculoskeletal Disorders [EPMD], 
AFS 2012:2 §3). MSDs are common disorders among employees in various fields 
all over the world (Armstrong, et al., 1993). Buckle (2005) suggests that the MSDs 
may lead to serious disability and can eventually become very costly for the 
companies. The cause of the MSDs may vary between situations. However, MSDs 
can be caused by harmful working conditions and be worsened by the exposures of 
the workplace (Armstrong, et al., 1993). The Swedish Work Environment 
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Authority, SWEA, have provided a list of factors involving manual lifting that 
should be considered when taking measures to reduce the risk of MSDs (AFS 
2012:2). These factors are summarized into five categories; Burden or load 
characteristics, physical effort requirements, work environment design, 
organizational requirements, and individual. 
 
Burden or load characteristics: 
Manual handling may cause risks of injury if the burden or load is too heavy, too 
large, unwieldy, unstable, shaped in a way that can cause injuries in a collision, or 
lifting it requires bending or twisting the torso. 
 
Physical Effort: 
The physical effort required may cause a risk if it is too exhausting, is only achieved 
by twisting the torso, may result in a sudden movement of the burden or load, or if 
it is done with poor balance. 
 
Work environment design: 
The design of the work environment can increase the risk of injury if it is not 
enough room for the activity, there are tripping hazards due to uneven or slippery 
floor, the workplace prevents the employee from handling a burden or load at a 
safe height or good posture, variations in floor level that requires the burden to be 
handled on different floor, the floor is unstable, or the temperature is unsuitable. 
 
Organizational requirements: 
The work can lead to a risk of an injury if the tasks are too frequent, prolonged 
physical effort, insufficient time to rest, too long lifting distances to carry or lift the 
burden, or a rate of work that is controlled by the process that cannot be changed 
by the worker. 
 
Individual factors: 
Individual factors that can lead to a risk of an injury is that the employee is not 
physically fit to perform the task, is wearing unsuitable work clothes, or does not 
have the knowledge required. 
 
The more factors a workplace has, the less weight should the task require the 
employee to lift (AFS 2012:2). The provision EPMD section 6 (AFS 2012:2 §6) 
states clearly that the employer has an obligation to order the workplace to reduce 
or avoid the risk of the personnel being affected by MSDs. The employer must take 
measures with regards to the work environment by using aids such as lifting 
equipment. If the manual handling is unavoidable the previously stated factors can 
be considered when taking measures. 
 

3.7.2 JOB ROTATION 
Another way of reducing the risks of worker injuries such as MSDs can be by 
implementing job rotation (Tharmmaphornphilas & Norman, 2007). If the job is 
having repetitive tasks it can be very harmful even though the load is not very high 
(Hägg, Ericson, & Odenrick, 2010). The tennis elbow is an example of a common 
MSD that is caused by repetitive work (Hägg, Ericson, & Odenrick, 2010). With job 
rotation, the principle is that while one muscle category recovers another can still 
work (Leider, Boschman, Frings-Dresen, & van der Molen, 2015). Rissén, Melin, 
Sandsjö, Dohns, and Lundberg (2002) found that the muscle activity in the most 
affected areas was reduced after implementing work rotation in a supermarket. 
The implementation of job rotation in order to prevent repetitive work is also 
suggested by the SWEA (AFS 2012:2). In Section 7 in EPMD (AFS 2012:2 §7) the 
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SWEA states that the employer shall ensure that there normally is no repetitive 
work. If the employee must perform such work the employer must prevent the risks 
of ill-health or accidents. The prevention must include variation in the work such 
as through job rotation, job diversification or breaks. 
 

3.8 IMPLEMENTATION STRATEGY 
To be able to present an implementation suggestion of the solutions, theory 
regarding implementation strategy is reviewed. The theory will help in motivating 
the eventual suggestion. 
 
Investments in advanced manufacturing technology (AMT) can be very successful 
and come with big benefits, but can also be devastating and lead to financial 
problems if the investment process isn’t managed properly  (García & Alvarado, 
2013). Meanwhile, Chung (1996) suggests that more than 50 % of AMT 
investments by American companies are considered as failure and that the main 
reason of failure is an insufficient emphasis on human factors in the 
implementation of the technology. Chen and Small (1996) as well as Ramamurthy 
(1995) suggest that planning aspects are key factors for successful implementation 
of AMT.  
 
Chen and Small (1996) presents a framework containing four steps in the planning 
phase of an AMT implementation that are important for the implementation to be 
successful. Figure 5 shows a model of the suggested framework. 

Planning the system is the step where the company realizes its need for 
improvement and starts looking at different alternatives of technology. Important 
in step is reviewing the company’s competitive market position as well as its long 
term and short-term goals. Then the technology can be chosen according to those 
goals. 
 
Planning infrastructure is about making sure that the organization is able to 
absorb the new technology and make the most out of it. Two important factors of 
this aspect are commitment from management and having an organic organization 
structure.  

 
Planning for new relationships is about adapting to new conditions that the AMT 
implicate. To exploit the AMT maximally, it should be used as a competitive 
weapon. Firstly, it’s important for the company to have a close collaboration with 

Figure 5: Model of planning for AMT implementation (Chen & Small, 1996) 
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the vendors of the AMT systems to make sure that the company gets the best 
system for their situation. Secondly, it’s important to expand the relationships with 
customers, since the AMT allows a bigger flexibility and enables the company to 
respond to customer demands more quickly. 

 
Justification is about understanding the AMT and its effects to be able to justify 
the investments needed for the implementation. It’s important to keep the long-
term effects in mind since the financial profits might decrease in the short term 
perspective, due to protracted implementation phases. Generally, it’s easier to 
estimate the costs of implementation than the potential profits. Hence it’s 
important to develop purposeful methods of measuring the performance of the 
AMT in order to truly evaluate its effects. 
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4 Method 
In this section, the process and execution of the project are described. Initially, the 
general strategy of the process is presented. Subsequently, each phase of the 
project is described by presenting the methods that have been utilized. 
 

4.1 STRATEGY 
The general strategy of this project is based on the project circle that Johansson 
(1995) describes. This project has followed seven different main phases: planning, 
literature review, current state, formulating requirements, conceptual design, 
evaluation, and detailed design. These seven phases have been repeated 
throughout the project in an iterative fashion. Figure 6 is a redesigned version of 
Johansson’s (1995) project circle. The project circle shows the iterative process in 
a project. Another way to describe the iterative process is that the different phases 
will be executed simultaneously but the focus changes as the project go on 
(Johansson, 1995). 
 
The iterative way of working has primarily been implemented by constantly 
progressing in the project. By regularly passing on to new phases the flaws of the 
past ones have appeared which has enabled constant improvement of all phases of 
the project.   

 

4.2 PROJECT PLANNING 
The planning phase started by deciding a general strategy to be used throughout 
the project. When the strategy was set the phases of the project was individually 
described and planned. The initial planning was rather rough when it comes to 
which methods that were supposed to be utilized in the different phases. Emphasis 
was put on describing the purposes of the different phase and their expected 
results. The phase also included reviewing resources and discussing the 
stakeholders of the project. 
 
The main resource, time, was quantified in a budget. The time consumption of the 
phases was visualized with a Gantt chart, see Appendix 1. The iterative way of 
proceeding in the project was illustrated by overlapping of phases in the Gantt 
chart. To show which phase that was prioritized each week a priority system was 

Figure 6: Redesigned project circle (Johansson, 1995) 
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introduced. The priority system shows how important each phase is at a certain 
week. In addition to the seven main phases of the project Debriefing and Thesis 
Work was added to the Gantt chart as their respective time consumptions are 
important to consider. 

 
4.3 LITERATURE REVIEW 
To build a scientific foundation to this project a literature review was performed. 
The research area in this review was derived from the objectives of the project, the 
research questions, and the company values. 
 
The articles were found using a number of different databases. Among these were 
Web of science, Scopus, and Taylor & Francis (T&F). The first two are very reliable 
databases with easy search functions. T&F is a publisher of articles in a number of 
different research areas. They have their own database for searching articles that 
are published by them. T&F was a very good way to find relevant articles. Search 
Engines such as Google Scholar is a great way to find a lot of result for a simple 
search query. However, the content of Google Scholar is not always scientific and 
more often than not the results are too many. For that reason, Google Scholar has 
not been used to find articles in this research. 
 
The search queries for searching have been relevant words for the specific theory. 
As an example, the query “user AND participation” was used to find articles 
relevant to user participation and work organization. 
 
Besides the articles, a number of different books have also been studied. The books 
were used to get a concrete description of a concept or method. The books were 
either old course literature that was already owned or found in the University 
Library in Luleå. 

 
4.4 CURRENT STATE 
This part describes the process of data gathering and mapping of the current state. 
Mainly the gathering of data has been executed by the methods, observation, 
interviewing and document review. 
 

4.4.1 PLANNING OF DATA GATHERING 
For the current state data was mainly gathered in two weeks at the company. In 
order to efficiently gather data and get a comprehensive collection, the execution 
was carefully planned. Initially, the desired data was listed in a brainstorming 
fashion. The relevant methods for data gathering were also listed. Then, the 
different data was coupled with different methods to structure the gathering and 
get a clear view of how to get the desired data. The data was then sorted into four 
categories by similarity and required methods. The different categories were sorted 
in the order it should be collected. After this, a specific plan for the two weeks was 
established. 
 

4.4.2 OBSERVATION 
To get a basic comprehension of the Sub-Factory, observation has been a starting 
point of gathering data. Observation is a method that should be used at early stages 
of the project and the purpose of the method is to establish an understanding of 
the user’s situation in an unaffected environment (Osvalder, Rose, & Karlsson, 
2010). 
 
In this project, nonsystematic observation was initially used as a tool for mapping 
the production system. That was achieved by a guided tour with the production 
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leader of the Sub-Factory. The tour explained the production system step by step. 
The tour also included basic questions to the production leader which added 
interview components to the observation. At later stages of data gathering, more 
systematic variants of observation were used as more specific information was 
requested. Documentation of the observations was done by writing notes as well as 
photographing components of interest. In total, two different observations with 
specific intentions were planned and executed. In addition to the two purposeful 
observations, non-planned observations have been executed in conjunction with 
daily visits to the Sub-Factory within the two weeks of data gathering. All the 
observations done in this project have been direct observations, meaning that the 
observer has been at the actual site and observed in real time. 
 

4.4.3 INTERVIEW 
Along with observations, interviews has been a primary method for gathering data 
regarding the Sub-Factory at Lindbäcks. Interviewing is considered a subjective 
method in the sense that the result of the method contains personal experiences, 
opinions, and valuations (Osvalder, Rose, & Karlsson, 2010). 
 
There are three main types of interviews, each having its own purpose. These are: 
structured, non-structured and semi-structured interview. A structured interview 
follows a clear plan with questions which answers often are short and can be used 
for quantitative analyses. Generally, the purpose of structured interviews is to 
gather quantitative data. Non-structured interviews however, doesn’t have a 
predetermined path. Instead the interview has open question which the user can 
answer freely. Generally non-structured interviews generate qualitative data and 
is suited when the interviewer isn’t conversant with the situation and therefore not 
certain about relevant topics. The third variant, semi-structured interview is a 
combination of the first two. It uses structure in the way that the topics are 
predetermined but the questions may still allow the user to answer freely. This 
method of interviewing allows gathering of both quantitative and qualitative data 
depending of the questions asked. A prerequisite for executing semi-structural 
interview is that the interviewer has a clear perception of what’s important within 
the subject (Osvalder, Rose, & Karlsson, 2010). 
 
In this project, interviews of various character have been executed in order to 
gather both qualitative and quantitative data. In the early stages semi-structured 
interviews were used to get an initial understanding of the situation. In this case 
semi-structured interviews were suited since the required areas of data was 
partially known. The, within the group, existing experience of analyzing production 
systems allowed usage of semi-structured interviews right away. In the early stages 
of data gathering, five semi-structured interview were executed with the 
production leader, the factory site manager as well as the global head of 
production, in hierarchy order. These interviews aimed at getting an 
understanding of different aspects of the Sub-Factory. Interviews with the 
production leader were about the basics of the production system and the daily 
activity at the plant. The interviews with people of higher hierarchy order, namely 
factory site manager and the head of production aimed at gathering opinions of a 
different point of view as well as gathering data regarding a wider perspective. 
 
At a later stage of the data gathering an interview session with the production 
personnel was executed with the purpose of investigating their perspective on the 
Sub-Factory as well as gathering data regarding for example work organization, 
communication, attitudes, personal competences, and work intensity. These 
interviews were executed in a more structured fashion. The interview contained 
about 20 questions. The questions were formulated to be short and distinct, to 
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make quantitative analyses of the answers possible. The same interview was held 
with all the personnel that was available and wanted to participate at the occasion 
of the interview. Totally, 10 personnel interviews were held. 
 
In addition to the planned and executed interviews, spontaneous conversations 
with various people within the organization has also helped and complemented the 
data gathering. 

4.4.4 DOCUMENT REVIEW 
During the phase of data gathering, documents containing various types of 
information have been reviewed. For example, the production plan for the Sub-
Factory, regarding both ordinary and miscellaneous products, has been provided 
by the head of production. Also, standard operating procedure documents have 
been reviewed to collect data regarding the ongoing work processes and work tasks. 
 
In addition to the documents that have been personally provided by various people 
within the organization, spontaneous retrieval of information has been due to 
public information within the company at different bulletin boards, daily 
management boards etcetera. 
 

4.4.5 CONTEXT ANALYSIS 
The context analysis partly consists of a context summary which describes problem 
areas regarding the current situation. It also contains an analysis of the future 
state. It concludes with a breakdown of the problems which demonstrates their 
root causes. 
 
ISHIKAWA DIAGRAM 
The problems were analyzed by using Ishikawa diagrams to break down the 
problems and find their root causes. Using the Ishikawa diagram to structure the 
causes to a defined problem facilitates eventually finding solutions to the problem 
(Osvalder, Rose, & Karlsson, 2010). The method is about analyzing the problem in 
different categories. In manufacturing, it’s common to use the seven categories: 
Machines, Management, Environment, Method, Human, Material, and 
Measurements (Osvalder, Rose, & Karlsson, 2010). The performed analysis 
excluded the latter, Measurements, since it was considered irrelevant in the 
context. 
 
The original creator of this kind of diagrams, Ishikawa (1976), thoroughly describes 
the process in five steps. Basically, the process starts by defining the main problem 
that should be analyzed. Then potential sub-causes to this problem are defined. 
Every sub-cause is broken-down to its root causes. Eventually, if the analysis is 
comprehensive, the main problem is broken-down to its root causes and a 
structure of the causes are established (Ishikawa, 1976). 
 
Ishikawa diagrams were applied to the bigger, overall, problem areas that prevent 
reaching the future state. This was done in order to get resulting solutions which 
aim to achieve the desired effect and reach the future state. Choosing the biggest 
problems was suitable since most of the other problems were sub-causes to these 
problems. 
 
PROXIMITY MATRIX 
To describe the relations between different elements in the Sub-Factory’s layout a 
proximity matrix was established, with the purpose of supporting the future layout 
development. According to Johansson (1995), the relation requirements between 
different functions are one the most important factors when developing layouts. A 
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proximity matrix is an especially suitable tool for layouts with complex relations 
(Johansson, 1995). 
 
The method included breaking down the Sub-Factory to its main functions and 
parts and describing the need for proximity between every part. In addition to 
describing the need for proximity, eventual needs for separation (non-proximity) 
was highlighted. To create a quick basis for layout design, the evaluation of the 
proximity needs was initially performed within the group based on the gathered 
data. Eventually, the proximity matrix was validated and revised by the personnel 
at the factory to make sure that the matrix could be used to design efficient layouts. 
 
Beyond supporting the layout generation, the proximity matrix is supposed to be a 
tool when evaluating eventual concepts.  
 
The method was executed by listing all the fundamental functions of the Sub-
Factory. Every inter-sectional relation was given a value between 0 and 3 
depending on the need for proximity. 0 was defined as proximity is non-preferred. 
1 was defined as proximity is irrelevant. 2 was defined as proximity is important 
but not absolutely crucial. 3 was defined as proximity being very important. The 
different values were mapped with different colors to visualize the results. 
 

4.5 FORMULATING REQUIREMENTS 
To be able to formulate requirements for both the layout concept and the other 
concepts, which solves different problem areas, a list of goals for the overall 
solution was established. These goals were derived from the problem areas, project 
objective and the analysis of the current state. The goals linked to the layout 
solution resulted in a specification of requirements to assist the layout 
development process and eventually be able to evaluate the layouts. The rest of the 
goals are supposed to be fulfilled by the other solution concepts. 
 
4.6 CONCEPTUAL DESIGN 
This part describes the creative processes and methods that have been used to 
generate ideas and develop concepts that fulfill the specification of requirements.  
 

4.6.1 LAYOUT IDEATION 
For developing layout concepts, the proximity matrix was utilized to generate a 
number of distinctly different concepts. The method was about trying different 
positions of the stations to fulfill the proximity matrix in different ways. With this 
method, we aimed to generate concepts that could solve the problems regarding 
the layout aspects of the Sub-Factory. 
 

4.6.2 BRAINSTORMING 
Brainstorming is a method used for generating ideas. It’s a commonly used method 
and the purpose of it is to generate a large number of solutions to a specific problem 
(Osvalder, Rose, & Karlsson, 2010). 
 
Generally, brainstorming is a group method and a suitable number of participants 
are between 6 and 8 (Osvalder, Rose, & Karlsson, 2010). However, Diehl and 
Stroebe (1987) mention the phenomenon production blocking which means 
productivity loss due to only one person speaking at the time. Also, Bouchard and 
Hare (1970), conclude that an increase in participants also increases the risk of 
production blocking. 
 
The brainstorming was used when generating ideas regarding education, testing 
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and production planning. The method was to have one requirement discussed at 
the time and to generate ideas that can fulfill the specific requirement. These 
brainstorming sessions were performed internally within the project group. 
 

4.6.3 WORKSHOP 
To find more possible solutions and evaluating our suggestions by using the 
existing knowledge of the Sub-Factory workers, a workshop was held. A workshop 
is a participatory design method which involves users. Martin and Hanington 
(2012) suggest that design workshops are an efficient method for getting insight 
from the users. In order to successfully execute a workshop session, Steinert (1992) 
highlights the importance of the preparation ahead of the session. She mentions 
the importance of defining the goals of the workshop in order to choose an 
appropriate setup of the workshop. She also claims that it’s important to know 
which the participants are going to be in order to customize the contents of the 
workshop. 
 
The workshop was regarding the layout design. It began by us explaining the 
project and showing them the problem areas of the current state. In this part of the 
workshop, the proximity matrix was explained so the workers could use it later on 
in the workshop.  
 
In total, 16 persons participated in the workshop. The participants consisted of the 
available staff of the day, which was mainly ordinary workers of the Sub-Factory, 
but also the team leader and some temporary staff. For the tasks, the participants 
were divided into four groups. The workshop was held at a time set aside for a 
weekly development meeting and the duration of the session was about an hour. 
Figure 7 shows a picture from a layout design task from the workshop. 
 
The first assignment of 
the workshop was to 
create an ideal layout by 
placing the different 
stations on a map of the 
Sub-Factory. To make it 
ideal the workers had the 
proximity matrix to help 
them place stations. The 
purpose of this part of the 
workshop was to generate 
ideas that weren’t thought 
of before and making sure 
not missing out on 
essential solutions. 
 
The second assignment of 
the workshop was to 
show the workers our 
layout ideas and let them discuss the pros and cons of the different concepts within 
their groups. The purpose of this assignment was to evaluate the concepts and 
finding eventual weak spots. 
 
The workshop ended by having a general discussion within the whole group about 
the problems with layout designs and important aspects to consider to not miss out 
on any crucial opinions or information. 
 

Figure 7: Workshop regarding layout design with the Sub-Factory 
staff. 
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4.6.4 BENCHMARKING 
Benchmarking was used to find already existing solutions to problems in the Sub-
Factory. The benchmarking was focused on solving the problems regarding the 
overhead crane usage. More specifically the benchmarking tried to find an 
alternative solution of turning parts at the workstations.  
 
To find alternative solutions, the main factory of Lindbäcks were benchmarked. 
Benchmarking the main factory seemed relevant since it’s a further developed 
factory and it’s used to produce the same kinds of products as the Sub-Factory. In 
addition to benchmarking of the main factory, machine suppliers within the 
industry were benchmarked to find which machine solutions that are available that 
could solve the problem. 
 
To compare the benchmarked alternative for turning parts in the Sub-Factory a 
simple time study was performed to get an idea of what effect the solution 
potentially could have if it was implemented. The time for an overhead crane to 
turn a wall was measured. The wall that was turned was a relatively small wall 
that’s considered easy and quick to turn compared to bigger walls that often gets 
turned. The time for a turning table to turn a wall was gathered from a product 
promotion video from the manufacturer’s website in which a wall was turned. Both 
times for turning walls are based on a single turn in both cases. 
 

4.7 EVALUATION 
This part describes the evaluation of the concepts and processes of choosing 
concepts to develop further in the next phase. 

4.7.1 EVALUATION OF LAYOUT CONCEPTS 
The evaluation of the layout concept was performed using a weighted evaluation 
matrix. The requirement of the specification for the layouts acted as the decision 
factors. The factors were given a weight depending on its importance. The factors 
linked to the biggest problems were given a higher weight. The weight interval was 
from 1 to 5. 
 
The concepts were evaluated by the factors and were given a score depending on 
the fulfillment of each factor. To assess the layouts equally in each requirement, 
the layouts were evaluated by one requirement at the time, rather than one layout 
at the time. The fulfillment score interval was from 1 to 5. The concepts get points 
from each factor by multiplying the weight of the factor with the fulfillment score. 
The points of the factors were summarized to give each concept a total score. Thus, 
a higher total score means a higher fulfillment of the layout requirements 
specification. 
 
Choosing Layout Concept 
The highest scoring concepts were chosen for further development and 
improvement due to closeness in the score that made it difficult to decide a distinct 
winner. The same evaluation matrix was then used to separate the updated layouts. 
In this stage, it was possible to choose the best layout to proceed with to the 
detailed design phase.  
 

4.7.2 EVALUATION OF OTHER CONCEPTS 
To evaluate the other concepts, they were placed in a diagram based on how 
feasible they were and how much effect the solutions would have on the objective 
of the solution. The concepts were color-coded depending on what area the concept 
was intended to improve. 
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The predicted feasibility and effect were based comment from management people 
within the organization. This way users were involved and the accuracy of the 
evaluation could be assured. Even though the evaluation was based on these 
comments, the opinion within the group wasn’t disregarded and it influenced the 
result if there was a disagreement. 
 
If the concept was highly feasible it was placed in the upper half of the diagram and 
if implementing the concept would give a lot of effect in fulfilling the objective the 
concept was placed in the right half of the diagram. With this method, the concepts 
in the top-right corner are the most preferable, since it’s highly feasible and would 
give a lot of effect. Thus, with the same logic, the bottom left concepts are not 
preferable. 
 
Choosing Other Concepts 
The concepts that were the most feasible and would give the most effect was 
chosen. Some of the concepts were similar in some way or another. Thus, those 
concepts were grouped together to form bigger, more comprehensive, concepts 
that could fulfill more objectives. The grouped concepts were then chosen to 
proceed with to the detailed design phase. 
 

4.8 DETAILED DESIGN 
The layout concept as well as the other concepts have been further developed to be 
more concrete and contain more details. The development processes of each area 
are described below. 
 

4.8.1 LAYOUT  
In this part of the project, the chosen concepts were given more details. With the 
design program Google SketchUp a 3D model of the final layout was designed. In 
this 3D model equipment, material and products were added to the 3D layout to 
see how the Sub-Factory could look when implementing the solution.  
 

4.8.2 OTHER CONCEPTS 
Since some of the other concepts were grouped together they had to be rewritten 
as one concept instead of a group of different concepts. The concepts had to be 
more concrete as well to be able to understand and implement them correctly. 
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5 Current and Future State 
To fully understand the current situation, to get a direction to move towards, and 
limitations to take into account the current and future state was mapped out. This 
chapter contains the current and future state of the Sub-Factory and is concluded 
with problem areas that were found. 
 
5.1 CURRENT STATE 
The current state involves how the production in the Sub-Factory works today. This 
part is divided into products, processes, and work organization. 

5.1.1 PRODUCTS 
Lindbäcks Bygg’s products are apartment houses that are built by assembling 
modules which are produced in the factory. The main factory creates most of the 
modules that are needed to build a house. Although some products can’t be 
produced in the main factory. The Sub-Factory handles the products that are too 
big in certain dimensions, contains very advanced constructions, or in some 
aspects aren’t efficient enough to produce in the main factory. They also perform 
test runs with new products in order to make sure that the eventual real production 
runs smooth. If there is spare time, for example in a non-hectic period, the Sub-
Factory may also support the main production by manufacturing regular products. 
However, it is quite an unusual occurrence. 
 
Apart from manufacturing whole house modules, the Sub-Factory also produces 
miscellaneous building segments that for some reason can’t be included in the 
regular modules. The amount of miscellaneous parts varies considerably between 
different building projects. 
 
The Sub-Factory produces about six units (house modules) products per week. 
According to the production leader at the Sub-Factory, there is a limit of 8 units 
per week if the Sub-Factory is fully staffed and working at maximum capacity. 
 
The types of products that are being produced in the Sub-Factory is a rather 
problematic situation which contains different dilemmas. Generally, it’s desirable 
to focus on producing miscellaneous parts since it’s the only way of producing 
those parts by themselves. However, the amount of miscellaneous parts varies 
considerably between different building projects. At some times, there simply 
aren’t enough miscellaneous parts to achieve full utilization of the staff. At those 
times regular house modules from the main factory are placed in the Sub-Factory 
to achieve that utilization. Thus, the dilemma is about either producing efficiently 
in the main factory or achieving utilization in the Sub-Factory. However, the 
situation is often made less problematic by placing the products, that are 
considered the least efficient to produce in the main factory, in the Sub-Factory. 
Even if the problems can be resolved in short term it can be noted that the current 
situation regarding the products requires lots of planning and isn’t in line with the 
overall purposes and goals of the Sub-Factory, which involves detaching it from the 
main factory and giving it its own purpose. 

5.1.2 PROCESSES 
The Sub-Factory has four general work sections, there is the wall manufacturing, 
the floor/ceiling manufacturing, the assembly line, and the miscellaneous section. 
Within each of the work sections, some manual lifting of materials is a regular 
occurrence. Figure 8 shows the general process of building a house module in the 
Sub-Factory. 
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At the wall manufacturing section, there are two workstations. The walls are built 
by first building the frame of the wall. The operator then proceeds the process by 
putting in wall boards and electrical wiring. When that side is finished the operator 
flips the wall segment with an overhead crane and the next wall station finish 
building the other side and adding insulation. When the whole wall is finished it is 
moved with an overhead crane to a buffer adjacent to the assembly line. 
 
The floors and the ceilings are manufactured at the same station. The floor and the 
ceiling process starts, just as the walls, with building the frame of the segment. The 
floors are built with layers of plywood, particleboards, plaster, and a plastic sheet 
for moisture protection. Then the segment is flipped with an overhead crane. The 
other side is built in a similar fashion with additions of plumbing and insulation. 
When the floor is finished it is moved to the assembly line. 
 
When the ceiling frame is built, ceiling sheets are added and holes for electrical 
wiring is drilled. Then the ceiling is flipped over with an overhead crane and 
insulated from the other side. The ceiling is sealed off with ceiling sheets and joist 
hangers are added. When the ceiling is done it is moved to the assembly line. 
 
At the assembly line floors and walls are assembled to start with. When the walls 
are attached to the floor a ceiling is attached. When the module’s walls and ceiling 
are in place painters are finishing up with spackle before the whole unit is covered 
with plastics and sent out to storage before the shipment to the construction sites. 
 
When the modules are covered with plastic a plastic sheet is outspread at the floor 
and then lifted to be placed on top of the module. Since the modules can be very 
big the required floor space for spreading the plastic sheets can be rather big. 
 
The miscellaneous section contains five workstations. They produce a large variety 
of different products. Because of the variety of the products, this station’s tasks 
may differ between the projects. However, the basic tasks involving the 
miscellaneous parts are somewhat the same as for floors and walls depending on 
what products are made. When the products are finished they are put on a trolley 
and shipped out through gate 9. In some cases, the miscellaneous section is 
building walls to help the wall section to meet their daily production schedule. In 
those cases, the walls go into the buffer. 
  

Figure 8: Hierarchical task analysis of building a house module 
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Layout and Material Flow 
The following figure (Figure 9) shows an overview of the production system in the 
Sub-Factory. It shows the placement of the main workstations, the material 
inventory as well as the buffer. Basically, the wall station and the floor/ceiling 
station manufactures towards the buffer to make the assembly of a module 
possible. The plastic covering of the modules are performed at the end of the 
assembly line and the space inside of gate 10 is used for spreading out the plastic 
sheets. The miscellaneous stations produce special products or separate parts that 
aren’t assembled into of modules. They are put on the trolley just inside of gate 9, 
which is illustrated as a grey square in Figure 9. The dark grey areas in the figure 
consist of different saws and storage shelves.  
 
When reviewing the layout and the way that the area within the Sub-Factory is 
used, some findings can be made. Firstly, the size of the Sub-Factory is very limited 
which is shown by crowded and tight areas. This can lead to a more difficult 
situation when trying to establish efficient material flow. When analyzing the 
placement of the equipment the current setup has clear similarities with the basic 
layout type fixed layout that Abrahamsson et al. (2016) and Drira et al. (2007) 
describe. It is similar in the sense that most of the tasks are performed at the same 
spot with little transportation of the parts. However, there is some movement of 
the products since some parts are transported to the assembly station for assembly 
of house modules. The fixed layout is suited for both large and complex products 
(Abrahamsson et al. 2016; Bellgran & Säfsten, 2005) which would make it suitable 
for the Sub-Factory since the house modules often are big and the miscellaneous 
parts often are complicated. However, the area of the plant is used in an 
unbalanced fashion. The equipment isn’t evenly spread out within the room. The 
areas inside gate 10 aren’t as utilized as the areas inside gate 9. Thus, the area is 
limited but problems may have to do with the layout not being efficient enough. 

Figure 10 shows the flow of raw material within the Sub-Factory. The raw material 
is brought in through gate 9 and 10. Which gate is used for a specific situation 
depends on which path is more passable at that given moment. The raw material 
is generally placed beside the workstations for easy material handling in the 
production process. 
 

Figure 9: Overview of the Sub-Factory 
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Figure 11 shows the flow of products in process in the Sub-Factory. From the wall 
station as well as the floor/ceiling station the products travel with an overhead 
crane to the same buffer. From this buffer, the parts travel to the adjacent assembly 
station. The assembled modules travel on a conveyor to the main factory. The parts 
from the miscellaneous stations that aren’t parts for assembly, exit the Sub-Factory 
through gate 9. 
 

When observing the two types of flow, some problematic aspects can be found. The 
raw material flow may not seem very problematic if observed stand-alone since 
there is no major crossing of the flows or and the transportation distances are 
rather short within the Sub-Factory. However, some issues with the material flow 
as it is may be that there are tight spaces around the areas where the material is 
supposed to go. This is especially distinguishable around the Miscellaneous 
station. 

 
The product flow however, has more obvious problematic areas. The main flow 
with walls, floors and ceilings to the buffer and assembly station is clearly 
interfered with the miscellaneous flow. This is easily noticeable as a crossing of the 
flows in Figure 11. The products of the two flows used the same areas when they 
are transported. This can imply problematic situations, especially since the 
products generally take up a lot of space and the areas are limited in the current 
situation. However, as the current situation is right now, the problems that can 
occur due this crossing of flows is limited by the fact that the products are moved 
with one single overhead crane, which means that the products generally aren’t at 
the same time. One way to look at it is that the problems are hidden by the current 

Figure 10: Raw material flow 

Figure 11: Product flow 
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situation. Therefore, it is something that should be considered, since it could affect 
future states. 
 
The mentioned problems have been regarding the stand-alone flows. However, the 
two flows happen at the same time which means that the stand-alone observations 
aren’t sufficient. 
 
When observing the two flows at the same time it becomes evident that there are a 
lot of crossing flows in tight areas of the Sub-Factory, see Figure 12. The most 
obvious area where the flows stack is just inside gate 9, where walls, floors, ceilings, 
miscellaneous parts as well as raw material all are transported. There is also a clear 
imbalance of flows within the plant as the areas inside of gate 10 isn’t nearly as 
crowded with flows. This is also shown by a clear difference in the amount of 
physical objects, such as material, work in process and equipment, in that area. 
 
It should be mentioned that the visualization of the flows may seem worse than the 
actual situation of today. This is because the raw material flow is generally moved 
on the floor while the product flow often is about transportation by overhead 
cranes in the air. Nevertheless, it’s a problematic situation since the overhead crane 
handling gets more complex in crowded situations and the vehicles transporting 
raw material need space to move efficiently. 
 
  

Figure 12: Overall material flow 



 29 

Work in Process 
 
There is generally a buffer of work 
in process to supply the assembly of 
house modules. Thus, the work in 
process is limited by the capacity of 
the buffer. The buffer stores 
completed walls. The raw material 
for the workstations take up a 
significant amount of space and is 
generally placed in the center of the 
Sub-Factory, see Figure 13. 
 
The Sub-Factory floor is often 
crowded with components that are 
about to leave the factory or doesn’t 
fit in the buffer. This makes it 
difficult to move around and to 
deliver raw materials to the 
stations.  
 
Machinery 
Most stations in the Sub-Factory have a worktable where they are building a 
specific component. These worktables are old and don’t possess abilities that newer 
technology would allow, e.g. turning possibilities. The current machines and 
equipment are therefore less efficient to work with than the modern equivalent. In 
the miscellaneous stations, they are also in need of special modifications to the 
worktables to be able to build certain components. These modifications the 
operators usually build themselves. Each workstation has a set of tools to support 
the staff in the production. 
 
There are two overhead cranes that can be used all over the Sub-Factory. These 
overhead cranes are used to maneuver the products on the stations, move them 
between the stations, and loading them for delivery. The cranes are needed by all 
the stations and they have to take turns using them.  
 
In the Sub-Factory there is also a couple of saws. Because the raw materials often 
are kitted they are not used very often. However, they are needed when testing new 
products, altering some raw materials, or when the production is working ahead of 
the logistics department. 
 
The fact that the machines and tools are old doesn’t seem like a major problem in 
itself as the staff interview didn’t show any signs of that. However, the fact that the 
machines lack newer technology abilities, especially turning abilities, is evident. 
The waiting times for the overhead cranes is partly a result of the stations needing 
to turn parts with it. The staff interviews highlight the waiting for the overhead 
cranes as one of the major problems in Sub-Factory. For the transportation of 
parts, the cranes are essential as alternative solutions are limited. For turning of 
parts within the workstations however, there are clear alternatives for performing 
the task, namely tables with turning possibilities. Hence, it appears as the current 
equipment is a source of problems in the present situation. 
 
 

Figure 13: Raw material at the shop floor 
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5.1.3 WORK ORGANIZATION 
To get a complete view on how the Sub-Factory works aspects about the work 
organization will be considered. This part describes the personnel, the work 
environment, and the production planning. 
 
The Staff 
The staff in the Sub-Factory consists of almost 20 workers which works in one shift 
per day from 06:30 to 16:00 and the sift starts with a daily meeting. This meeting 
provides information to the workers on what to produce today and information to 
the team leader about how the personnel is feeling today, yesterday’s anomalies, 
and information about yesterday’s accidents and incidents. This information is 
passed on through daily meetings upwards the hierarchy to the CEO and is 
repeated each day. 
 
In the interviews, see Appendix 2, with the staff of the Sub-Factory, one can 
conclude that the overall attitude towards the daily meetings is good. However, 
some workers feel like the communication is only one way and their opinions don’t 
reach the top, and some information from the top doesn’t reach them.  
 
Historically workers with injuries of some sort, or those who didn’t want to or 
couldn’t work in shifts has been placed in the Sub-Factory. However, the staffing 
philosophy of the Sub-Factory has recently been reconsidered and has now moved 
from the concept of placing injured people there.  
 
A common perception among the workers is that the Sub-Factory is less prioritized 
than the rest of the factory. The cause of this perception is of different reasons. In 
an interview with the staff, a number of reasons were brought to the surface. Some 
of them were: The raw material is often late, the workers don’t see themselves as 
integrated with the rest of the factory, and often information doesn’t always seem 
to reach the Sub-Factory. 
 
The collective competence of the Sub-Factory is broad since most of the work is 
manual and the Sub-Factory cover all of the operations required to build a house 
module. However, the competences are spread among the workers which bind 
some workers to certain stations. There is generally no organized work rotation 
during a work shift. 
 
Work Environment 
The overall perception of the work environment in the Sub-Factory is good. The 
factory is circumstantially clean and the air quality is good which may not be the 
case in all factories. An important part of the daily process is regular cleaning at 
the workstations which is done whenever there is time.  
 
The main lighting is very good and not too bright. The work desks may require 
more light for when reading drawings and standard operation procedures and 
therefore have extra reading lights if necessary.  
 
The sound level is mainly very low due to no heavy machinery that makes a lot of 
sounds. However, some machines such as saws and nail guns are making very loud 
noises from time to time. For this, the Sub-Factory workers have ear protections 
with high quality to avoid getting hearing loss. 
 
The perceived work intensity of the Sub-Factory is overall high. In an interview 
with the workers, they put a number on how intense the work was on a scale from 
1 to 10. The average score was 7.7/10 on that scale. However, a common opinion 
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among the workers is also that the work intensity varies. The intensity may vary 
between the working weeks but also within the work shifts due to the irregularities 
of the amount of work in the specific project and how much waiting there is at the 
time. The loading when doing the different tasks is quite limited. The stations have 
some lifting device available to help them lift the heaviest materials. However, 
some stations have lifting devices more available than others. One of the wall 
stations have a special overhead crane specifically to lift wall sheets, but the other 
stations have to use the two main overhead cranes for material handling. These 
cranes are occupied a lot of the time which means that manual lifting is needed. 
This, in turn, may not be very good if you lift the sheets on your own due to their 
size and weight. However, if you are not lifting them alone it shouldn’t be any risk 
of injuries. 
 
The staff of the Sub-Factory seems to really enjoy working together. Nearly all the 
workers said that the atmosphere in the group is very good. Some said that they 
hadn’t become a part of the group yet but still thought it was good. The 
communications between the workers during the work hours are very good. This 
may be due to the co-operation between the workstations. When someone has a lot 
of things while another has less urgent things to do the other person comes over to 
help. This works very fluently in practice and is a key to their great atmosphere. 
 
Production Planning 
The head of production at Lindbäcks creates a manufacturing list of house volumes 
and a list of miscellaneous products and sends them to the production leader of the 
Sub-Factory. 
The production leader makes a schedule of the production 11 weeks before the 
production starts. However, the main schedule is often disregarded when high 
priority tasks are delegated to the Sub-Factory. Those kinds of activities can be 
planned within a short timeframe and cause distractions in the production. 
 

5.2 FUTURE STATE 
Lindbäcks Bygg has a lot of plans for the future. Some of them are that they are 
building a new factory and got new visions for the Sub-Factory. In this part, the 
different future plan of the Sub-Factory will be described. 
 

5.2.1 NEW FACTORY 
In the beginning of 2018, Lindbäcks will launch their new factory in Haraholmen. 
Since the new factory is twice the size of the main-factory in Öjebyn it will 
potentially produce twice as much. The introduction of the new factory will 
potentially mean that the Sub-Factory will have to produce three times the volumes 
of miscellaneous parts compared to today. However, this depends on the amount 
of miscellaneous part of future projects.   
 

5.2.2 TRAINING CENTER AND TEST FACILITY 
Interruptions of the production line in the main factory may occur due to testing 
of new products or education of new staff. Interruptions such as these are 
expensive to the company. The vision of the future is to test products before they 
are produced. By doing so they will minimize the interruptions because of the 
testing. The testing is planned to be placed in the Sub-Factory as part of the 
routine. Besides the testing, the Sub-Factory is also a subject for education 
purposes as well. To avoid the interruptions caused by an employee that is not fully 
trained the Sub-Factory shall have educational functions to make the new 
employees ready to work on the line. 
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5.2.3 PRODUCTION 
The vision of Sub-Factory is to produce only those products that the other factories 
can’t handle. This will mean that the modules that are placed in the Sub-Factory 
just for utilization should no longer be produced there. The Sub-Factory should 
focus on producing miscellaneous parts and insource all the parts that have been 
outsourced earlier.  
 
In the future, the Sub-Factory will also build more products than they do right now. 
A recent decision was made to use the existing area in the adjacent warehouse to 
create another workstation specialized in building corridor floors. This station is 
currently in the main factory and is going to be moved, along with its personnel, to 
the Sub-Factory. This will mean that the wall between the warehouse and the 
current Sub-Factory will be removed and the Sub-Factory staff will be increased. 
Also, this will mean that the current Sub-Factory may be able to do a minor 
expansion in the remaining part of the warehouse. 
 

5.3 MAIN PROBLEMS 
Two main problems areas have been identified with the current usage of the Sub-
Factory. The following areas have been identified as the main problems in the Sub-
Factory that need to be solved in order to reach the future visions of the Sub-
Factory 
 

5.3.1 LIMITED CAPACITY 
As it stands now, the capacity of the sub-factory is rather limited. There isn’t a clear 
way of managing a significant increase of today’s production levels. This problem 
becomes evident when facing the fact that the overall production of Lindbäcks Bygg 
might increase significantly in the future. This is due to the new factory at 
Haraholmen which is supposed to triple the overall capacity of today. The sub-
factory is supposed to support both factories, which make today’s capacity a long-
term problem.  

 

5.3.2 INFLEXIBILITY 
The Sub-Factory is, in its current usage, rather inflexible. This is a problem since 
the overall visions and goals with the Sub-Factory contain a variety of different 
functions, which would require flexibility. The referred inflexibility is about the fact 
that excess capacity is systematically used for production of ordinary house 
modules. This means that there isn’t room for the intended purposes and functions 
of the Sub-Factory. 
 
5.4 PROBLEMATIC ASPECTS 
The following areas are problematic aspects that contribute to the main problems.  

5.4.1 WRONG OR NON-ARRIVING MATERIAL 
The fact that the prepared material kits often are incorrect is a problem since it 
leads to extra work to adjust the material to fit the situation. Material that doesn’t 
arrive at all at the right time is also a problem since the workers have to prepare 
the material themselves or wait for the material to arrive. 
 

5.4.2 FAULTY DRAWINGS 
When the drawings of the components are faulty the workers often have to send 
them back to the projection department to get them corrected. Often enough this 
means that additional waiting will be necessary. This is a problem that all of the 
production workers at Lindbäcks encounter. However, since our project mainly 
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involves the Sub-Factory and the problems with the drawings are not specific to 
the Sub-Factory we have decided not to pursue the investigation behind this 
specific problem. 
 

5.4.3 WAITING 
Besides waiting due to incorrect material delivery or faulty drawing, a common 
problem across the whole Sub-Factory is waiting for machine resources to be 
unoccupied. The most common resource that the workers wait on is the overhead 
cranes. 
 

5.4.4 BLOCKED TRANSPORTATION AISLES 
The raw material inventory, as well as work in process, are often placed in a way 
that they block the main aisles for transportation of both material and products. 
This is a problem since it may force transportation routes that aren’t as efficient. It 
may also prevent some transportations to be possible at all until the blocking items 
are cleared. 
 

5.4.5 LESS PRIORITIZED 
Historically the Sub-Factory has been a part of the factory where you put those 
workers whom, for some reason could not work in the main factory. It has been 
less prioritized mainly because the products that are made there are not as 
important as the ones in the main factory. 
 
The staffing of the Sub-Factory does not work like it used to anymore with more 
priority on competence but some of the old tendencies of less priority are still very 
common. This is clearly a problem and is not in the vision of the Sub-Factory. If 
the Sub-Factory is going to work like it is intended, the Sub-Factory need to be 
more prioritized. 
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6  Problem Analysis 

In this chapter, the problems described in the previous chapter is analyzed to sort 
out what underlying causes could be creating the main problems. Also, analyses of 
proximity and bottlenecks are described. The chapter is concluded by the 
specification of requirements for the project’s solution. 
 

6.1 ISHIKAWA DIAGRAMS 
In this part, two main problem areas are analyzed using Ishikawa diagrams. These 
two are limited capacity and inflexibility. The problems are analyzed in six 
different categories to highlight underlying factors and causes of the problems. 
 

6.1.1 LIMITED CAPACITY 
Limited capacity is one of the main problems that need to be analyzed in order to 
find the root causes of the problems. The diagram is shown in Figure 14. 

 
Machines 
There are several problems connected to the machine resources in the Sub-Factory. 
One major problem is that the workstations very often need to wait in order to use 
the overhead crane. This is a common occurrence since all stations need to use 
them and there are only two overhead cranes. Another overall problem is that the 
machines, tools, and equipment generally are old. For example, there is a lack of 
modern turning tables for the workstations. Historically, the Sub-Factory hasn’t 
been a prioritized function in the organization which can be an explanation of the 
lack of modern equipment. The placement of the machines and the equipment are 
also leading to inefficient material flows. 
 
Management 
There aren’t any specific factors regarding the management that explains the 
limited capacity. 

 
 

 
 
 

Figure 14: Ishikawa diagram of Limited capacity 
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Environment 
When it comes to the environment in which the production takes place there is a 
major factor that hinders efficient flow within in Sub-Factory, and hence limits the 
capacity. The size of the factory prevents an efficient layout. The size of the 
products and the workstations require a bigger area to enable an efficient layout. 
 
Method 
Most of the stations require turning of the parts. This is a task that currently is 
done in a very inefficient way. The parts are turned using the overhead cranes. The 
process takes up a lot of time and it contributes to the high occupation of the 
overhead cranes. This problem is connected to the lack of alternative ways of 
turning which could be accomplished with more modern equipment. 
 
Human 
There is also some human factors that currently keep back the overall capacity. 
There is often a significant amount of workers missing due to various reasons and 
since the work is manual the capacity is strongly connected to the number of 
workers. Thus, the daily capacity is limited due to the absence of workers. In a 
bigger perspective, the current amount of employees isn’t enough to match the 
future state regarding capacity. However, it isn’t a problem in the current state 
since the required production levels of today are managed. 

 
Material 
When it comes to material handling, there are several factors contributing to the 
limited capacity. When it comes to logistics there are two major problems. One is 
that the material kits are incorrect and the other one is that the material isn’t 
delivered at all at the right time. Both of the occurrences lead to waiting for 
material or excessive time consumption due to manual correction of the material. 
Another problem with the material handling is that it prevents an efficient flow. 
The flows are complicated due to non-strategic placement of the kitted material. 
Also, work in process is placed on transportation aisles which obstruct material 
and product flow. 

6.1.2 INFLEXIBILITY 
Inflexibility is the other main problem area that needs to be analyzed. The diagram 
is shown in Figure 15. 
 

 
 

Figure 15: Ishikawa diagram of Inflexibility 
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Machines 
The not very effective flows within the Sub-Factory due to the placement of 
equipment and machines also contribute to inflexibility of the Sub-Factory. To be 
flexible the Sub-Factory needs to have quick, non-complicated, material flow and 
be able to quickly perform transitions which aren’t the case with the current set-
up. 
 
Management 
A problem in the current situation is that the capacity is always maxed out by 
placing ordinary products and in that way making sure the occupation of the 
workers is always as high possible. While this is good for achieving good utilization 
of the resources it also means that there isn’t room for the activities, regarding test 
runs and education, which is wanted. In other words, the mindset and philosophy 
in planning phases might be a contributing factor for the inflexibility. 
 
Environment 
As mentioned earlier a quick and efficient material flow is required to enable 
flexibility. The limited size of the factory complicates the layout and contributes to 
the current complicated and inefficient material flow. 
 
Method 
In this case being flexible mean that the Sub-Factory should be used to perform 
test-runs and education, as well as actual production. Today there are problems in 
the way these test-runs are performed which complicates the process and therefore 
make the Sub-Factory less flexible. The problems are that the test-runs are 
ineffective as well as expensive. The two problems have the same root cause, which 
is that even the small details that are being tested are implemented in whole house 
modules. Although, these whole modules are considered test products and aren’t 
sold in the end. Thus, time and money are spent on an excessive scale. 
 
Human 
No contributing factors regarding the human factor have been found. 
 
Material 
The material problems that contribute to the limited capacity also affect the 
flexibility. The placement of material and the fact that material and products crowd 
the floor obstructs the flows which make it difficult to be flexible. The problems 
regarding absent material and incorrect material kits also restrict the flow and 
limits the flexibility. 
 
6.2 PROXIMITY MATRIX 
The required proximity between the different components in the Sub-Factory was 
analyzed with a proximity matrix, see Figure 16. 
 
The proximity matrix shows preferred and non-preferred relations between 
different parts of the sub-factory. The value 0 means that proximity is non-
preferred. 1 means that the proximity is irrelevant. 2 means that proximity is 
preferred but not absolutely crucial. 3 means that proximity is very important.  
 
Generally, manufacturing stations are preferred to be close to the buffer to reduce 
transports within the sub-factory. It is also favorable that the manufacturing 
stations are close to the assembly station itself if the parts for some reason doesn’t 
pass through the buffer. However, miscellaneous parts aren’t included in the house 
modules. In this case, the miscellaneous station has a non-preferred proximity to 
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the buffer as well as the assembly to prevent unnecessary crossing of flows. For the 
same reason, there is a non-preferred proximity between the miscellaneous station 
and the regular manufacturing stations.  
 
Between walls and miscellaneous, there can be both preferred and non-preferred 
proximity. Generally, there is a non-preferred proximity since it would cause a 
crossing of flows. However, the miscellaneous station sporadically produces walls. 
At those times it could be beneficial for the stations to have a mutual supply of raw 
material, which would require proximity. 
 
Saws are used to modify and prepare raw material and are used at all 
manufacturing station. Proximity is preferred to prevent unnecessary movement 
of material and people. 
 
The raw material is placed adjacent to the manufacturing stations which implicates 
preferred proximity to an entrance to simplify the delivery of raw material to the 
stations. However, the proximity isn’t absolutely crucial if the transportation aisles 
within the plant are clear. It is more important that the assembly station as well as 
the miscellaneous station are close to an exit since the end products are big and 
therefore hard to move within the sub-factory. 

 
Also, since the end products are big there is a non-preferred proximity between the 
entrance and the exit. The big products simply block the way for raw material 
delivery.  

  
Figure 16: Proximity matrix 
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6.3 BOTTLENECK ANALYSIS 
Since the production consists of mostly manual work there is a clear connection 
between staffing and capacity. The fact that the workforce is occupied most of the 
day indicates that the staffing may be a bottleneck to some extent. However, as the 
Ishikawa diagram of the limited capacity show, there are more factors that are 
potential bottlenecks. Another evident bottleneck would be the machine resources, 
especially the overhead cranes since they are highly occupied and the workers have 
to wait to use them. Increased production would mean increased demand to use 
the overhead cranes. Thus, the machine resources to move around and turn parts 
is a likely bottleneck that would show with increased production levels. 
 
More production from the stations would also mean more products in process and 
raw material within the sub-factory. Since it already is crowded and tight it’s 
reasonable that a minor increase in production volume may move the bottleneck 
from being the staffing or the machine resources. The lack of space in the sub-
factory is due to both an inefficient layout and small actual size of the factory. 
Arguably, an inefficient layout will cause complicated material flows and poor 
structure regardless of the plant size. Therefore, it’s reasonable that the next 
bottleneck would have to with the layout rather than the actual size of the sub-
factory. However, eventually the current size would be too small, just considering 
the need for a bigger buffer ahead of the assembly station. 
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7 Specification of Requirements 
The final solution should aim to fulfill three main objectives. To ensure that the 
objectives get fulfilled, several overall requirements on the solution has been 
specified. The layout solution has specific requirements to enable evaluation 
towards the requirement when eventually reviewing the layout concepts. 
 

7.1 OBJECTIVES OF THE SOLUTION 
To be able to reach the future state and visions of the Sub-Factory, the following 
three main objectives have been defined. 
 
Capacity 
In the current state, the capacity is limited and can’t be increased of several 
reasons. The solution shouldn’t necessarily increase the capacity initially but allow 
it to be significantly increased in the future when needed. 
 
Test Runs 
Being able is to efficiently perform test runs is a part of the goals and visions of the 
Sub-Factory. Currently, the test runs are time-consuming and expensive. The 
solution should allow test runs to be a natural part of the activity in the Sub-Factory 
and make the test runs more efficient. 
 
Education and Training 
As well as performing test runs, education and training are parts of the future 
vision of the Sub-Factory. The solution should involve aspects that allows 
implementation of education and training as a regular function of the Sub-Factory. 

 

7.2 OVERALL REQUIREMENTS 
The breakdown of the problem areas regarding the current and future state as well 
as the analysis have led to the following overall requirements for the solution. 
 
Flow of Material 
The inefficient and complicated flow of material is a source to many of the 
identified problems. The solution should improve the situation and lead to 
efficient product flow as well as raw material flow. 
 
Crowded Areas 
The current situation includes crowded areas and often blocked aisles which are 
problematic in many ways. The solution should reduce the crowded areas and 
prevent the blocking of aisles. 
 
Reduce Waiting 
Unnecessary waiting is a problem which occurs in various situations and is 
considered a waste. The solution should minimize this waste by reducing the 
waiting times. 
 
Production Planning 
Currently, the production planning and philosophy hinder the Sub-Factory from 
reaching the future state. The solution should implicate production planning that 
is in line with the vision and goals of the Sub-Factory. 
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Work Environment 
The working environment is good in the current state. The solution should retain 
a sustainable situation by possibly improving some aspects while not worsening 
the overall situation. 
 
7.3 SPECIFICATION OF REQUIREMENT FOR THE LAYOUT 
The layout solution aims to meet the first main objective, namely Capacity, by 
fulfilling the requirement for Flow of Material and Crowded Areas. The following 
requirements for the layout are mainly derived from the objective and the 
requirements. The specification also includes requirements regarding feasibility 
and modification flexibility. The layout should: 
 

• Implicate efficient product flow 
The layout should lead to an efficient product flow within the Sub-Factory.  

• Implicate efficient raw material flow  
The layout should lead to an efficient raw material flow within the Sub-
Factory. 

• Allow free spaces  
The layout should allow free spaces around the Sub-Factory and in that way 
prevent crowded areas as well as blocked aisles. 

• Be feasible 
The eventual implementation of the layout should be feasible for 
Lindbäcks. This requirement regards practical feasibility rather than 
financial feasibility. 

• Allow modification flexibility 
The layout should be flexible to allow future modification and transitions 
to new situations. These modifications can, for example, be about an 
expansion or a different product orientation 
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8 Conceptual Design 
This chapter describes the concepts of this project. The concepts are divided into 
different categories in which they fill a purpose. The different categories are layout, 
production planning, test runs, reduce waiting, work environment, and training of 
personnel. 
 

8.1 BENCHMARKING 
This part presents existing solutions for turning parts and lifting material. 

8.1.1 TURNING TABLE 
In the main factory at Lindbäcks, 
the module components are built 
in a different way than in the 
Sub-Factory. The production line 
is more automated and the 
operations are much more 
divided between workstations. 
One specific difference between 
the Sub-Factory and the main 
factory is the way the 
components are turned. The 
main factory uses turning tables 
instead of an overhead crane. 
These turning tables can turn 
components faster than an 
overhead crane can. Because 
they turn with a different technique than the overhead cranes the turning becomes 
safer since it eliminates the risk of heavy components falling onto the workers. 
Figure 17 shows a typical turning table from the manufacturer Randek. 
 
The cost of a 2-table solution is about 300 000 SEK according to an employee in 
charge of purchase at Lindbäcks. 
 
Table 1 shows a time comparison between turning a wall with turning table and 
using the overhead crane. Although the times are only measured once from each 
source the result highlights the difference and gives an indication of a time 
difference to expect if a turning table is implemented. 
 
Table 1: Time comparison of turning a wall 

Overhead crane 2 min 41 sec 

Turning table 1 min 

Percentage difference -62.73 % 

 

Figure 17: Turning table 
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8.1.2 LIFTING EQUIPMENT 
In the main factory as well as some parts of the 
Sub-Factory they use lifting equipment for 
lifting sheets of raw material. The lifting 
equipment is a smaller kind of overhead 
cranes that is a good way of reducing manual 
lifting. Figure 18 shows a smaller kind of 
overhead crane by Konecranes. The stations 
in the Sub-Factory that uses lifting equipment 
in the current situation are mainly the wall 
station and the floor/ceiling station. The wall 
station uses a smaller overhead crane whereas 
the floor/ceiling station uses the main 
overhead crane to lift the sheets. Since the 
larger overhead cranes are often needed 
elsewhere the smaller kinds are a good 
complement. The cost of a small overhead 
crane of this kind is 200 000 SEK, according 
to an employee in charge of purchases at 
Lindbäcks.  
 

8.2 LAYOUT CONCEPTS 
In this part, five different layout concepts are presented and described. The 
concepts are based on early layout ideas, see Appendix 3, and input from the 
workshop, see Appendix 4, In all layouts, there is an assigned area for the corridor 
floor station in the adjacent warehouse since it’s an already planned change. The 
rest of the area of the warehouse is used for expanding the Sub-factory. 

8.2.1 LAYOUT 1 
Layout 1, see Figure 19, focuses on short and efficient products flow when it comes 
to building house modules. The floor and ceiling station is placed adjacent to the 
assembly station. The wall station is placed adjacent to the buffer, which is rotated 
to minimize complicated handling of the walls around the assembly station. The 
miscellaneous station is separated to avoid unnecessary crossing of flows. 

8.2.2 LAYOUT 2 
Layout 2, see Figure 20, is similar to the previous layout. The main difference is 
that the miscellaneous station is split into two pieces. The walls and windows that 
are produced at the miscellaneous station are placed next to the wall station. This 
way there can be a mutual raw material supply between the stations. Also, the flow 

Figure 18: Lifting equipment 

Figure 19: Layout 1 
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of walls and windows from the miscellaneous station gets simplified due to shorter 
transportation distance. 

 

8.2.3 LAYOUT 3 
Layout 3, see Figure 21, has the same purpose as the previous one. The difference 
is the placements around the wall station. The purpose of this placement is to 
enable a different flow of the raw material. 

8.2.4 LAYOUT 4 
Layout 4, see Figure 22, aims to consider the proximity need between 
miscellaneous station and walls/buffer without splitting the miscellaneous section. 
The floor and ceiling station is placed further away from the assembly station to 
make room for the miscellaneous station.  

Figure 20: Layout 2 

Figure 21: Layout 3 

Figure 22: Layout 4 
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8.2.5 LAYOUT 5 
Layout 5, see Figure 23, aims to use another placement of the wall station. The idea 
about the layout is that the buffer is modified so that walls can be placed sideways 
directly into the buffer. If this is made possible the miscellaneous station could be 
separated from the rest of the plant but still have proximity to the buffer and the 
wall station. 

8.3 OTHER CONCEPTS 
In this section, the other concepts are presented. These concepts are supposed to 
complement the layout solution in order to meet all objectives and fulfill all the 
overall requirements. The concepts are based on early ideas see Appendix 5. The 
concepts are presented and described under their respective goals. 

8.3.1 PRODUCTION PLANNING 
This part describes the concepts involving production planning. 
 
Utilize the Haraholmen Capacity 

•  Free planning space in Sub-Factory by using the initial extra capacity 
Haraholmen to reduce the amount of regular house modules produced in the 
Sub-Factory. 

 

•  Limit the amount of regular modules by allowing a maximum amount every 
week. Alternatively: Use a priority system in planning phases to make sure that 
special functions of the Sub-Factory aren’t dismissed. 

 

•  Plan special functions in advance, especially test runs to make sure there is time 
available when it’s supposed to take place. 

 

8.3.2 TEST RUNS 
This part describes the concepts involving test runs. 
 
Resource Efficient Test Runs 

•  Simplify the modules that are built when performing test runs to spare time 
and money. Use a construction that is sufficient for the specific situation. 

 

•  Alternatively: Reuse material from previous test runs to further 
minimize material costs and possibly time. 

 

•  Alternatively: Use a flexible module that can be reused for several test runs to 
avoid building modules for each test run. 

Figure 23: Layout 5 
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Testing Strategy 

•  Utilize non-hectic periods to perform test runs. The spare time of those periods 
would allow problem-solving and the efficiency wouldn’t be as important. 

 

•  Design a general method for performing test runs (SOP). 
 

•  Plan the test runs carefully to prevent complications and problems when 
executing the test runs. 

 

•  Utilize existing experience from subcontractors by getting insight and tips 
regarding products to make the test runs more efficient. Possibly: co-operate 
with the subcontractors to customize the products in order to simplify the 
products. 

 

8.3.3 REDUCE WAITING 
This part describes the concepts that could reduce waiting time. 
 
Reduce the Need for the Cranes 

•  Limit the time the overhead cranes are used by shortening transport distances. 
This can be done by putting stations closer together to each other. 

 

•  Use turning tables to reduce the need for the overhead cranes. 
 

•  Allow all workers to get overhead crane education so not the same person has 
to use the cranes all the time. 

 

•  If possible, find transport methods that do not include overhead cranes. 

 
Efficient Waiting Time 

•  When waiting, use the time for something else like cleaning or helping others. 
 

•  Prepare backup material to use when material delivery is absent. 
 

•  Make the stations more flexible so that they can produce a part on another 
station even though it’s not supposed to be built there. To continue working 
when they can’t move the part. Alternatively: Put in more worktables to be able 
to continue working on another part when waiting. 
 

8.3.4 WORK ENVIRONMENT 
This part describes the concepts that could ensure that the work environment will 
be sustained even after an improvement of the Sub-Factory 
 
Keeping the Team Spirit 

•  Move people from the main factory when reinforcing the staff, rather than 
hiring completely new persons. 

 

•  Encourage co-operation within and between the workstations. 

 
Improve Routines 

•  Implement work rotation between the workstations. Daily rotation or rotation 
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within a work shift. 
 

•  Keep the work tasks comprehensive to prevent monotonous work. 
 

•  Encourage co-operation within and between the workstations. 

 
Improve Safety 

•  Replace the standard work tables with turning tables to reduce the safety risks 
involved with using the overhead cranes. 

 

•  Invest in lifting equipment to reduce the manual lifting to minimize the risk of 
workload injuries. 
 

8.3.5 EDUCATION AND TRAINING  
This part describes the concepts involving education and training. 
 
Organize Training 

•  Implement a standard training procedure, to improve the overall training 
quality. 

 

•  Organize training occasions for safety and theory walkthrough. Complement 
with practical training. 

 

•  Let the trainee have a mentor in the Sub-Factory, and when the training is 
completed a mentor is given from the station he/she is supposed to work on for 
further questions. 

 
Efficient Training 

•  Make training in the Sub-Factory more similar to the intended situation. By for 
example using turning tables instead of overhead cranes when turning the parts 
to imitate the work tasks. 
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9 Evaluation 
In this chapter, all concepts from the Conceptual Design phase are evaluated to 
find how the requirement can be fulfilled and eventually decide which concepts 
that should be developed further in next phase. The chapter begins with an 
evaluation of the layout concept and concludes with an evaluation of the concepts 
regarding the remaining objectives of the solution. 
 

9.1 EVALUATION OF LAYOUTS 
In this part, the layouts will be evaluated to eventually be able to choose the best 
layout to develop further. Firstly, the evaluation factors are described. It’s followed 
by the first round of evaluation with an evaluation matrix. The best layouts from 
the first round are modified to be able to distinguish the best layout in a second 
round of evaluation. 

9.1.1 EVALUATION FACTORS 
The layout concepts will be evaluated by the following factors, which are derived 
from the specification of requirements regarding the layouts. The number 
associated with each factor describes the factor weight in the eventual evaluation. 
 
Product Flow [5] 
This factor considers how well the layout can enable an efficient product flow. This 
factor is considered the most important since it’s a root to very many problems in 
the current state  
 
Raw Material Flow [4] 
This factor considers how well the layout can enable an efficient raw material flow. 
This is also an important factor but not as important as the product flow as it 
doesn’t cause as many problems in the current state. 
 
Feasibility [2] 
This factor regards how easy it would be to implement the layout. It can, for 
example, consider required reconstruction within the Sub-Factory or new gates 
that have to be opened up. This factor is rather important because the layout has 
to be realistic in a practical sense. 
 
Modification Flexibility [3] 
This factor considers how the layout can allow modifications and transition to new 
situations in the future. These modifications can, for example, be about expansion 
or a different product orientation. The factor is rather important since the amount 
of miscellaneous parts in the projects has increased and it’s important for 
Lindbäcks to keep up with changing conditions.  

 
Free Spaces [1] 
This factor considers how the layout can allow free spaces around the Sub-Factory 
and prevent crowded areas. It’s not a major factor since a good general flow would 
reduce the problems regarding crowded areas, but it’s still a factor to consider since 
it’s favorable to have free space. 
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9.1.2 FIRST ROUND OF LAYOUT EVALUATION 
The layout concepts, as well as the current layout, are evaluated by using evaluation 
factors in an evaluation matrix, see Table 2 The fulfillment of each factor is 
multiplied by its weight to which gives points for to the concepts. The concepts with 
the highest amount of accumulated points have the highest fulfillment of the 
specification of requirements and are considered the best. 
 
Table 2: First round of layout evaluation 

 
Motivation of Evaluation 
The scores in the evaluation matrix are motivated below. The scores are motivated 
for each evaluation factor.  
 
Product Flow 
The product flow of the current layout is poor due to the crossing of flows. Also, the 
products flow is complicated due to inefficient and long transportation routes. 
Concept 2 meet the requirement in the best way among the concepts, with the only 
downfall being that walls from miscellaneous have to go through or close to the 
wall station to reach the buffer. Concept 4 and 5 both have less satisfaction of the 
requirement due to the floor and ceiling station isn’t next to the assembly. Concept 
3 has a tricky way of managing miscellaneous walls to reach the buffer. Concept 1 
has the least amount of satisfaction due to the fact that walls from the 
miscellaneous station have a very long way to the buffer. 
 
Raw Material Flow 
The raw material flow of the current layout is generally poor due to crowded areas 
in large portions of the Sub-Factory. Also due to the blocking of transportation 
aisles, the transportation routes of the raw material are very long. However, the 
raw material flow to the wall station is decent since it is closer to the gate that is 
normally used for material intake. Concept 1 and 3 meet the requirement 
completely since the material doesn’t cross any other flow and the transportation 
distances are short. Concept 4 also gets a high requirement satisfaction, with the 
only downside being transporting material in the area between miscellaneous and 
walls. Both concepts 2 and 5 fails to achieve a high level of satisfaction due to 
crossing of flows and material delivery in tight areas around the expanded area. 

 
Free Spaces 
The current layout partly meets the free spaces requirement since there are free 
spaces between the stations which enables forklifts to reach most areas of the Sub-
Factory. However, the free spaces are uneven which leads to some tight areas. 
Concept 5 meet the requirement fully since the surface utilization is even 
throughout the plant and there is space around every station. Concept 3 also meet 

Requirements Weight 
Current 
Layout 

Layout 
1 

Layout 
2 

Layout 
3 

Layout 
4 

Layout 
5 

Product Flow 5 1 2 4 3 3 3 

Raw Material Flow 4 1 5 2 5 4 2 

Free Spaces 1 3 3 2 4 3 5 

Feasibility 2 5 4 3 3 4 3 

Modification 
Flexibility 3 2 3 3 3 4 4 

Total with Weight   28 50 45 54 54 46 
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the requirement well, but it’s somewhat tight around the buffer, wall and 
miscellaneous area. Concept 1 generally meet the requirement well, but the 
miscellaneous station is close to the assembly line which could be critical. In 
concept 4, the areas around the wall station and miscellaneous station may be a 
little too tight. In concept 2, the area is very tight around the buffer, wall station 
and miscellaneous. Therefore, it gets the least score regarding free space. 
 
Feasibility 
The feasibility of the current layout is at the highest level since no changes are 
required to continue the same way. None of the concepts reach the requirement 
perfectly since the concepts have some adjustments that may be either time 
consuming or complicated to implement, such as creating new gates to the Sub-
Factory. Two of the Layouts met the requirements well. In concept 1 and 4, the only 
complication was creating new gates. Therefore, concepts 1 and 4 get the second 
highest score. Concepts 2 and 3 are more complicated to implement. In these 
concepts, the miscellaneous station is divided into two pieces. This can be 
complicated to do and the score is therefore that it fulfills the requirement. Concept 
5 had a more complicated way of filling the buffer and needed to create new gates. 
Thus, it gets the same score as 2 and 3. 
 
Modification flexibility 
The flexibility for modification is rather limited with the current layout since the 
Sub-Factory is crowded which makes it difficult to make any changes. However, 
the equipment in the Sub-Factory isn’t specialized for any specific products with 
allows some flexibility to produce different kinds of products. This requirement 
isn’t fulfilled perfectly by any of the concepts. However, concept 4 and 5 fulfilled it 
enough to get the second highest score. Concept 4 had a large area for the 
miscellaneous station which makes it easier to improve this station or add more 
worktables. Concept 5 had more free spaces than the rest of the concepts. With 
more spaces available it is easier to modify the stations in the future. Concepts 1, 2, 
and 3 fulfilled this requirement but couldn’t fulfill it as much as concepts 4 and 5. 
Thus, concepts 1, 2, and 3 get the score of 3. 

 
Total score 
With this evaluation, the concept with the highest score will be selected. In this 
case, concepts 3 and 4 both got the highest score. To pick a concept to proceed with 
these concepts will be improved and further developed. By doing so, a more 
accurate evaluation can be made and it becomes easier to decide which layout 
fulfills the specification of requirements the most.  
 

9.1.3 LAYOUT IMPROVEMENTS 
The layouts have been modified according to the following figures (Figure 24 and 
25). The modifications, as well as the thought process behind the changes, are 
described beneath each figure. 

 
Modification of Layout 3 
The aim was primarily to improve the concept by simplifying the complex product 
flow around the window station. This was achieved by placing the window station 
closer to the buffer. The size of the window station allows the wall station to 
maintain its advantageous position close to the buffer. The distance between the 
buffer and the adjacent stations was also increased slightly. This placement allows 
an improved product flow while it also frees up empty space around the wall station 
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as well as the floor/ceiling station. Figure 24 shows the improved version of Layout 
3. 
 

Modification of Layout 4 
The product flow was one of the biggest flaws of Layout 4. In order to improve the 
product flow, the buffer solution from Layout 5 was implemented to avoid the 
complicated flow through the wall station. The size of the miscellaneous station 
was also reduced to shorten and simplify the product flow from the floor and ceiling 
station. The distance between the buffer and the wall station was increased to 
prevent tight areas. Figure 25 shows the improved version of Layout 4. 

 
  

Figure 24: Improved version of Layout 3 

Figure 25: Improved version of Layout 4 
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9.1.4 SECOND ROUND OF EVALUATION 
The second round of evaluation is executed in the same way as the first round, 
using an evaluation matrix with weighted evaluation factors, see Table 3. 
 
Table 3: Second round of layout evaluation 

 
Motivation of Evaluation (second round) 
The scores in the evaluation matrix are motivated below 
 
 
Product Flow 
The concepts were both improved to fulfill this requirement better than before. 
However, concept 4 could not be improved to fulfill this requirement fully. thus, 
given the score 4. Concept 3 could fulfill the requirement perfectly and was given 
the score 5. 
 
Raw Material Flow 
This was not changed for either one of them. 
 
Free Spaces 
This was not changed for concept 3. Concept 4 was increased due to the decreasing 
space of the Miscellaneous station. 
 
Feasibility 
Concept 3 was increased since only the windows were separated from the 
miscellaneous station. The windows station does not have to be at the same place 
as the miscellaneous station. Thus making it more feasible to implement this 
solution. Concept 4 was given a more complicated buffer solution to create a better 
product flow. Thus, the feasibility was decreased. 
 
Modification Flexibility 
This was not changed for either one of them 
 
Choosing Concept for Detailed Design 
The total score shows clearly that, after the improvement of the two concepts, 
concept 3 has the highest score. It also has the highest score on the most important 
factors. Thus, concept 3 was selected as the final concept for further development. 
 

9.2 EVALUATION OF OTHER CONCEPTS 
The other concepts were evaluated by their feasibility and the expected effect on 
fulfilling the objectives. In Figure 26, the concepts are placed in a diagram to 
visualize the feasibility and effect. The concepts are coded with color to show which 
category they belong to. 
 

Requirements Weight Layout 3* Layout 4* 

Product Flow 5 5 4 

Raw Material Flow 4 5 4 

Free Spaces 1 4 4 

Feasibility 2 4 3 

Modification Flexibility 3 3 4 

Total with Weight   66 58 

* modified version    
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Motivation of Evaluation 
The motivation of the placements in the diagram is described for each of concepts. 

 
Utilize the Haraholmen Capacity 
This concept has a big potential effect since it would free up capacity in Sub-Factory 
and in that way allow flexibility and the intended usage of the Sub-Factory. The 
feasibility is high since it’s mostly a matter of planning. Also similar actions are 
planned which makes the concept more acceptable to implement. 
 
Resource Efficient Test Runs 
Simplifying test modules or reusing material would save both time and money 
which makes this concept rather effective. There are some complications regarding 
re-usage of material and general test modules which lowers the overall feasibility. 
However, only simplifying the modules is rather feasible since it doesn’t change the 
test run process.  
 
Testing Strategy 
This concept won’t lead to any major changes or revolutionary effects. However, it 
would standardize the test runs and make sure that there’s time for the execution 
of the test runs. The feasibility of this concept is high since an implementation 
would mostly involve establishment of a standard process and an alternative way 
of planning for the test runs. 
 
Reduce the Need for the Cranes 
The effects of this concept are potentially very high since turning tables would 
eliminate the need of turning parts with the overhead cranes. Shortening the 

Figure 26: Evaluation of concepts based on feasibility and effect. 
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transportation distances would also reduce the time for each transportation. This 
would reduce the waiting for the cranes and increase the availability of the cranes. 
The major factor that hinders the feasibility are the investments required for the 
turning tables. 
 
Efficient Waiting Time 
If the waiting time could be used to do something productive, the potential effect 
of this concept is rather high since it could result in the waiting not being as big of 
a problem. The feasibility is partly held back by a lack of room for additional 
workstations. Also, there are complications regarding the attitude of the personnel. 
Generally, the workers don’t see themselves as part of the whole system and only 
focus on their assigned tasks, which hinders the holistic view required for 
identifying productive tasks in waiting situations. 
 
Keeping the Team Spirit 
This concept aims to reduce the risk of jeopardizing the well-established team spirit 
when reinforcing the staff of the Sub-Factory. The potential effect is moderate since 
the workers would be new to the Sub-Factory team nonetheless. The benefit is that 
the new workers would be familiar with the overall organization of Lindbäcks. The 
feasibility is rather high since transferring people from the main factory is a 
common occurrence today. 
  
Improve Routines 
The expected results of this concept are moderate since it wouldn’t necessarily 
improve the current situation substantially, but prevent the situation from getting 
worse in the future. However, the feasibility of the concept is high, since the 
competence among the personnel is high and there isn’t anything significant that 
hinders work rotation. 
 
Improve Safety 
The potential effect of this concept is rather big since it would remove or reduce 
the biggest risk factors in the work environment. It would reduce the amount of 
risky overhead crane actions and limit the amount of manual lifting. However, 
turning tables won’t completely remove the need for the cranes since it’s still the 
main tool for transporting parts within the Sub-Factory. The feasibility is limited 
since the concept would need significant investments of rather expensive 
machinery and equipment. 
 
Organize Training 
The effects of organizing the training are rather limited since it wouldn’t 
necessarily mean ideas and aspects that make the training optimal, but a general 
structure and a standardized way of education. However, the feasibility is very high 
since it mostly comes down to routines and regulations. 
 
Efficient Training 
This concept might have a higher potential effect than the organization of the 
training since it can make the training more effective and purposeful. In this case, 
the feasibility is lower since it would potentially require investing in similar 
equipment, as well as adjusting the processes to match the more rationalized way 
of producing in the main factory. 
 



 54 

9.3 CHOOSING CONCEPTS 
A few of the concepts had similarities and were therefore grouped together to form 
more general concepts that could fulfill more objectives. The categories are 
routines, machines and equipment, test runs, and production planning. Figure 27 
shows what concepts were grouped together.  
 
Routines consists of the concepts organize training, improve routines, testing 
strategy, and keeping the team spirit. These concepts are all based on changing how 
to do something in order to fulfill the objective. 
 
Machines and equipment involves investing in new equipment. This group consists 
of the concept reduce the need for the cranes, improve safety and efficient training. 
 
The concepts resource efficient test runs and utilize Haraholmen capacity were 
concrete enough to be their own concepts but was in this stage given new names 
according to what objective they are supposed to fulfill, Test runs and production 
planning. 
 

Figure 27: Merging of concept to form areas of solutions to develop further. 
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10 Detailed Design 
In the detailed design, focus is mostly on the layout by improving and adding 
details to the chosen concept. The concepts involving routines, machinery and 
equipment, test runs, and production planning will also be specified in this chapter. 
 

10.1 LAYOUT 
The differences between the layout chosen in the previous chapter and this one are 
mostly the level of detail in the model. The concept was also reworked to fit the 
covering station that required more space than previously known. The 
modification resulted in a more feasible layout with a better material flow that uses 
the space more efficiently. The final layout is shown in Figure 28. 
 
The corridor floors are darkened since the placement of that station couldn’t be 
changed. In this layout, the floor/ceiling station and the wall station has turning 
tables which means that they have different tables than today. All workstations also 
have lifting equipment to facilitate raw material handling. The miscellaneous and 
floor/ceiling station has been moved a few meters to make space for the covering 
station. The work tables in the miscellaneous are also placed in such a way that if 
larger components are built, the station has two big tables and if smaller 
components are built, the station can have four normal sized tables. In this way, 
the miscellaneous station becomes more flexible. The wall station is close to the 
window station to easily assemble the windows when a wall is finished before 
moving it to the buffer. Compared to the current state. The buffer is rotated to 
enable a straight flow through it. The floor/ceiling station has been placed close to 
the assembly since the floors and ceilings can’t be stored in a buffer and are difficult 
to move within the plant. This way, the flow of the floors and ceilings are improved. 
 

 
The placements of the gates in the Sub-Factory has changed slightly to increase the 
feasibility and make an eventual implementation a cheaper and easier process. The 
exit from the assembly is planned to be placed in the top left corner as the black 
arrow shows. this is done to avoid stopping the production line in the main factory. 
The two gates in the bottom middle are new gates. These gates are previously used 
gates that are closed in the current layout. The gates 8 and 10, right and left ones. 
are the same as today.  

Figure 28: The final layout 



 56 

In Figure 29, the material flow is visualized. The flows are mostly the same as in 
the concept chosen in the previous chapter. The main difference is that the raw 
material for the miscellaneous station comes in from and exits at another gate than 
in previous versions of the layout. In general, the flows are evenly spread out and 
don’t cross each other. 

 
Figure 30 shows the floor/ceiling station in a 3D perspective. It shows the proposed 
turning table solution as well as the smaller overhead crane. Also, the placements 
of saws are shown. 
  

Figure 29: The final layout 

Figure 30: The floor and ceiling station with a turning table and overhead crane solution 
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Figure 31 shows the new buffer that makes it easier to place walls in it as well as 
move walls from it. In this figure the turning tables of the wall station is visible as 
well as the window station.  

 
More 3D figures of the Sub-Factory are shown in Appendix 6. 
 

10.2 ROUTINES 
This concept involves routines that can organize the Sub-Factory to be ready for 
the future visions and goals. 
 
The first thing to do with this concept is creating standard operating procedures, 
SOP’s, for the test runs as well as the education and training. These SOP’s will 
ensure that every employee at Lindbäcks get the same level of training and 
education, as well as ensuring that all the test runs are executed correctly.  

 
Besides the SOP’s the training and education need to be structured in other ways. 
A good way of introducing the personnel to the company and the safety regulations 
is by having an introduction course. This introductory course will be a complement 
to the practical training. In the practical training, the personnel will have a mentor 
in the Sub-Factory to make sure that the personnel gets the best possible training. 
When the training period is over and the employee starts working in the factory the 
team leader will function as a mentor for initial guidance and support of the 
personnel. 

 
The test runs will have to be planned carefully in order to prevent complications 
when executing them. This is a good example of how Liker’s (2009) 13th principle 
can be implemented. Fewer complications may reduce the time spent on wasteful 
problem-solving. An establishment of a standardized test run process should be 
developed to facilitate the execution and make sure it’s done in an efficient way. 
Liker’s sixth principle suggests that in order to establish a standardized process, 
it’s advantageous to gather people with expertise from different areas and mutually 
develop the process.  
 

Figure 31: The new improved buffer with the wall station in the background. 
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Also, when performing test runs it may be useful to utilize the experience of the 
subcontractors to acquire insights and tips. The cooperation with subcontractors 
might also enable customized products to simplify the products. Establishing good 
relationships with subcontractors follows Liker’s (2009) 11th principle of Lean. 

 
To prevent MSDs among the personnel the amount of work rotation should be 
increased. The rotation may be on daily basis or a few times per day. Also, if the 
work tasks are less monotonous the strains on the personnel can be prevented. To 
prevent strains and keep the team spirit among the personnel, cooperation 
between the station should be encouraged. In that way, the workers can help each 
other with lifting heavy material and speed up the manufacturing if needed. 
Making sure that the personnel are helping each other and that a positive 
atmosphere is achieved is a responsibility of the team leader 

 
The Sub-Factory will need a high level of competence to be able to reach the visions 
and goals. A way of keeping the competence at a high level is by moving 
experienced workers from the main factories to the Sub-Factory rather than hiring 
completely new staff. Thus, when hiring new employees, they will begin with 
working in the main factories, after getting an introduction in the Sub-Factory. 
 

10.3 MACHINES AND EQUIPMENT 
This concept proposes machine and equipment investments that would improve 
the Sub-Factory in several ways. 
 
Turning Tables 
Investing in turning table is a simple way of reducing the waiting time linked to the 
overhead cranes in the Sub-Factory. The turning gets faster, safer and will enable 
the overhead cranes to be used elsewhere. Since the main factories use this kind of 
equipment the Sub-Factory equipment will become more similar to it. This allows 
efficient training of main factory personnel in the Sub-Factory since the processes 
in the Sub-Factory can represent the main factory in a better way. 
 

This concept proposes that turning tables are invested in and implemented in both 
the wall station as well as the floor/ceiling station, which would mean a total 
amount of two sets of turning tables, equaling an investment of about 600 000 
SEK. 
 

Lifting Equipment 
Smaller overhead cranes are used to lift heavier or unwieldy material in many parts 
of the factory. These overhead cranes are a good tool to efficiently handle raw 
material and minimize the strain on the workers. This would reduce the heavy 
lifting which is a regular occurrence on every station in the current state.  A smaller 
overhead crane on every station (walls, floor/ceiling and miscellaneous) are 
proposed, to avoid strains among the workers. 
 

Currently, there is one overhead crane solution of this kind, which means that an 
implementation would need an investment of two additional systems. Two systems 
would equal an investment of about 400 000 SEK. 
 

Another aspect of this concept is making sure that the all of the personnel is 
educated to operate the overhead cranes. With more people having a license, more 
flexibility among the workers can be achieved, since the same people don’t have to 
operate the cranes.  
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10.4 TEST RUNS 
The simplification of the modules is supposed to be about using a lighter 
construction of the modules that are built in the test runs. The lighter construction 
would lead to a more resource efficient test run process due to lower material costs 
and less time required for the process. The construction needs to be rigid enough 
to enable the testing features, but factors such as bearing capacity and strength 
aren’t important since the test modules aren’t actually used in the projects. The 
construction department of Lindbäcks would initially need to dimension these 
simplified modules and establish guidelines for simplifying the modules. 
 

10.5 PRODUCTION PLANNING 
The introduction of the new factory in Haraholmen will potentially increase the 
overall building capacity of Lindbäcks by three times. The demand and actual 
production are expected to successively increase and match the new capacity 
within a few years. This would mean that there initially would be excessive 
capacity. This concept involves taking advantage of the excess capacity by 
producing more modules that are practically possible in the main factories. This 
would free up capacity in the Sub-Factory and make sure that there’s room for the 
special functions. To ensure that there will be extra capacity in the Sub-Factory, a 
ratio with the maximum amount of modules per week could be implemented, 
which would force transferring modules to the main factories. Such a ratio could 
be established by examining historical production data and basing the ratio below 
the average amount of modules that have been produced. 
 
Another aspect of this concept is the scheduling of these special functions, 
especially the test runs. To prevent last minute scheduling and complication due to 
this, the special functions should be planned in advance. This would allow the 
personnel of the Sub-Factory to adjust the production in accordance with the 
schedule and be prepared for test runs and such when they are supposed to be 
executed. Strategic planning of for example test run can also help achieving an even 
utilization of the resources by scheduling the test runs at periods that are expected 
to be less hectic than normal. 

 
The planning and scheduling of this concept is a task for the Head of Production at 
Lindbäcks, who’s in charge of these matters in the current situation. It’s important 
to understand and highlight the purpose of transferring production to be able to 
justify replacing products to Haraholmen when they could be produced as usual in 
the Sub-Factory. 
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11 Implementation  
The previous chapter presented five different concepts that can solve the problems 
of the Sub-Factory. This chapter proposes a strategy for implementing the 
solutions. Planning is an important factor when implementing changes. As Chen 
and Small (1996), as well as Ramamurthy (1995), suggested, the planning aspects 
of implementing advanced manufacturing technology (AMT) are key factors for a 
successful implementation process. Although the proposed changes aren’t limited 
to AMT, their theories could apply to several of the concepts. 
 

11.1 KEY IMPLEMENTATION FACTORS 
The concepts are independent in the sense that one doesn’t rule out another. 
However, it should be mentioned that even if the concepts aren’t dependent on 
each other, it is the combination of concepts that are supposed to achieve the 
overall goals with the solution. Thus, it’s a matter of creating a plan to implement 
all the solutions rather than choosing which concept to implement. 

 
Figure 32 shows the predicted feasibility and effect of the ingoing concepts. 
Assuming that all of the conceptss should be implemented it’s reasonable to start 
with implementing the concepts that are the most feasible. 
 
The routine concepts are, as mentioned, very feasible and easy to implement even 
though the effects generally are rather moderate. Beginning the implementation 
process by introducing and updating routines could be an appropriate starting 
point. It could be argued that the introduction of routines could simplify the 
implementation of some of the other concepts. For example, Chen and Small 
(1996) highlight the importance of planning for the infrastructure of the 
organization when implementing advanced manufacturing technology (AMT). The 
routines can be seen as changes in organization structure while the concept of 

Figure 32: Predicted feasibility and effect of the ingoing concepts 
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machines and equipment partly can qualify as AMT. In this sense, the routines 
could positively influence the implementation of other concept and should 
therefore be implemented at early stages of the process. 
 
The other concept that stands out with regard to feasibility is the production 
planning concept. It also has a high potential effect which makes it a key concept 
of the overall solution. This concept could also be implemented early in the process. 
One condition that’s needed for the implementation is that the new factory at 
Haraholmen need to be up and running as it’s supposed to. Other than that, there 
is nothing significant that hinders the implementation. As long as it’s possible, this 
concept can be implemented within the same time frame as the routines. Another 
reason to implement this concept at an early stage is that it could facilitate the 
eventual implementation of the layout as well as the machine and equipment 
concept since the transition of products to Haraholmen can reduce the need for the 
workstation during reconstruction phases. In this way, interruptions won’t be as 
damaging. 
 
The concept regarding test runs is slightly less feasible than the two previously 
discussed concepts. However, the implementation of routines would entail 
standardization of the test run procedure. This standardization could simplify the 
introduction of the test run process. Anyway, it would be illogical to change the test 
run process prior to standardizing it, which implies that the routine establishment 
could be followed up by the implementation of efficient test runs. 
 
The layout concept isn’t evaluated by the method as the other concept. Hence, the 
same reasoning, regarding feasibility/effect, can’t be applied to this concept. 
However, it can be noted that the layout party is based on several aspects of the 
machines and equipment concept. Even though the layout could improve the 
current situation without major investments in machines and equipment, the 
mentioned effects of the layout concept are with the investments in consideration.  
 
To switch to the suggested layout, there is a need for some reconstruction within 
the Sub-Factory. The layout uses space that is currently in the adjacent warehouse. 
Thus, the layout can’t be implemented until the separating wall has been removed. 
Also, the actual rearrangement of stations and equipment is a process that would 
cause disruption of the production. Meanwhile, the machine and equipment 
concept would also require reconstruction work to be implemented. The 
installation of turning tables and lifting equipment are processes that would take 
some time and obstruct the production for a while. 
 
To prevent multiple periods of interrupted or restricted production it would be 
beneficial to coordinate the layout rearrangement with the machine and equipment 
installations. This could be particularly appropriate since the layout principally 
relies on those investments and that the machines and equipment would be 
inefficiently placed without changing the layout. To further reduce the impact on 
the production, these implementations could be executed in the process of 
removing the wall between the Sub-Factory and the adjacent warehouse. If these 
three occurrences within the same time frame the number of interruptions can be 
reduced to only one. However, the interruption would be of larger scale than if the 
concepts were to be implemented separately. 
 

 



 62 

11.2 IMPLEMENTATION STRATEGY 
Based on the reasoning above, an implementation strategy has been proposed, see 
Figure 33.  
 
The routine establishment stands out as the evident starting point since it’s easily 
implemented and could facilitate subsequent implementation processes. 
 
As soon as the routines regarding the test run process have been established, the 
development process of making the test runs more resource efficient can be 
initiated. 
 
The production planning concept is principally independent of the other concepts 
and could be implemented from the very start of the overall implementation 
process. However, for the implementation to be successful it’s important that the 
new factory at Haraholmen is up and running properly so that production of 
products can be placed there. 
 
The layout concept, as well as the machines and equipment concept, are suggested 
to both be implemented during a reconstruction phase where also the separating 
wall in the Sub-Factory is removed. Time frame wise, it’s important that both the 
routines have been established and that production planning concept is 
implemented in order to facilitate the installments and make the reconstruction 
phase less detrimental. 

Figure 33: Model of suggested implementation strategy 
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12 Discussion  
This chapter discusses the methods as well as the results of this project. The 
chapter is concluded by answering the research questions and discussing how the 
objectives and aims have been met.  
 

12.1 METHOD DISCUSSION 
The project circle with its iterative process was well suited for this kind of project. 
Johansson (1995) describes the process as the phases being executed 
simultaneously. This was often realized when we often had to revisit a previous 
phase to take new information into account. The information was sometimes 
things that we had missed the first time we analyzed the situation, changes in the 
routines, or changes in processes from the time we had been there the last time. 
The iterative way of executing the project meant that we could handle the changing 
conditions during the project.  
 
Osvalder et al. (2010) are suggesting that observations should be used in the early 
stages of the project. The observations of the Sub-Factory were a good way to start 
off the data gathering process. Just through the observations could a first 
perception of the situation be realized. Although, more observations could have 
given a more thorough understanding of the situation at that point. 
 
Abrahamsson et al. (2016) suggest that user involvement is a good way of using the 
employee's knowledge in experience, while Karlsson et al. (2010) are highlighting 
that user involvement is a key factor to a successful change project. To acquire the 
information, the employees have, a number of interviews were conducted. The 
three kinds of interviews presented by Osvalder et al. (2010) were all used in 
different aspects. To use structured interviews was a good idea when interviewing 
the personnel because it is more suitable when interviewing a large group of people 
to get quantitative data. Whereas the non- and semi-structured interviews were 
used when interviewing the executives to get more qualitative data. To ensure we 
received the most of the personnel’s knowledge and experience, we conducted 
interviews with 10 workers. Although we could have conducted more interviews, 
the number of interviews seemed sufficient. To be sure that the results are 
legitimate, it’s important that the theoretical framework supporting the project is 
established in a correct and comprehensive manner. The comprehensiveness and 
relevance of the theoretical framework in this project have partly been achieved by 
including theory of different levels with the relevant subject. At the highest level, 
there is theory regarding the overall area industrial design engineering. We also 
described the orientation within the area by presenting theories about production 
development. Eventually, we presented more specific theory regarding the relevant 
areas of the project. With this structure of the theoretical framework, the 
underlying theories were put into context and relevance within the research area 
was achieved.  
 
The presented theories are all important since each of them adds substance to 
different aspects of the project. Generally, the fundamentals of each area are based 
on book sources that contain general, applicable, theory. Therefore, basic relevance 
is achieved in each of the areas. The general theory is often complemented with 
more specific theory from scientific sources. In some cases, these theories can 
contain certain delimitations and circumstances that can question the applicability 
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in this specific project. However, with the base theory as a fundament, some kind 
of accuracy is assured. 
 
Giacomin (2014) suggests that human-centered design is derived from the users’ 
needs. The creative phase of this project contains elements of human-centered 
design in conjunction with the user involvement. User participation, which 
furthermore can contribute to a change project’s success (Karlsson, Osvalder, 
Rose, Eklund, & Odenrick, 2010), has been implemented through the workshop. 
In the workshop, the workers’ perspective lead to a reconsideration of the layout 
design, and eventually to improved layout concepts. To get the most out of the user 
involvement, the workshop was executed early in the layout development process. 
Kujala (2003) suggests that this could lead to quality and user satisfaction in the 
solution. 
 
Regarding the creative methods performed internally within the group, some 
criticism can be applied. Osvalder et al. (2010) suggest that it’s a group method 
with 6 to 8 being a suitable number of participants and that the purpose is to 
generate a large number of ideas. With only using two participants it’s possible that 
the full benefits of the methods weren’t achieved. Maybe more ideas could have 
been generated if more people participated in the sessions. Ideally, people from the 
organization of Lindbäcks would have participated to further utilize user 
involvement. 
 
The evaluation matrix is a very simple way of choosing which concept to continue 
with. In our case, the weight interval was 1-5 and the same in the scoring table. 
Because a score multiplied by five may be much different than multiplied by one 
the weights might be too dominant. If a five-step interval between e.g. 4-9 was used 
the weights may be less dominant. However, in our case, this was realized and 
another weighing system was tried that resulted in the same scoring order. Another 
problem with this method is that the scoring may be influenced by personal 
opinions. Although, because the assessment was done one requirement at the time 
rather than one layout at the time, the personal influences were minimized. The 
evaluation of the layouts and the other concepts were done by the project members 
only. One could argue that it would be better to let the users be a part of the 
evaluation process. Although, the comments of the workers from the workshop as 
well as comments from our supervisor at Lindbäcks was influential on the 
assessments of the concepts. 
 
12.2 RESULT DISCUSSION 
In this part, the results are discussed for each of the solution concepts. 
 

12.2.1 LAYOUT 
The purpose of layout concept is mainly to establish a good material flow within 
the Sub-Factory. Prioritizing flow improvement over process improvement is 
necessary in order to make the system more efficient (Shingo, 1994). As mentioned 
earlier the current layout in Sub-Factory is in many aspects similar to the fixed 
layout type that Abrahamsson et al. (2016) and Drira et al. (2007) describe. They 
suggest that the fixed layout is suitable for handling big or complex products in 
small volumes. The proposed layout concept implies a slightly different layout type 
which comes with other properties and benefits. The separation of the 
miscellaneous station and the general rearrangement arguably lead to a layout type 
with product layout characteristics since the major part of the plant is structured 
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to specifically assemble house modules. As Bellgran and Säfsten (2005) suggest, 
the product layout may imply both shorter throughput time and lower work in 
process. Meanwhile, Drira et al. (2007) suggest that it’s a layout type that supports 
high production volumes, but with less variation. In the current state, the crossing 
flows due to an unstructured layout hinder the Sub-Factory to manage large 
volumes. Since the house modules are rather similar and are produced in quite high 
volumes, structuring the layout to resemble a product layout could be a good idea 
in the Sub-Factory to be able to manage bigger volumes than today. However, the 
layout around the miscellaneous station would still be seen as a fixed layout. 
Hence, the proposed layout could be seen as a combination of the two layout types, 
which utilizes benefits of the both. 
 
Sethi and Sethi’s (1990) different kinds of flexibility can be used to argue to that 
the layout could mean flexibility improvements. Volume flexibility can be 
increased because the more efficient flow can enable higher production volumes 
when needed. Also with an efficient product flow, the capacity, to some extent, 
arguably is decided by the amount of personnel since the work is manual. This 
means that the capacity rather easily can be increased by the work table setup of 
the miscellaneous station can also increase the expansion flexibility since the 
station could either consist of two big tables or separate them to four stations to 
manage increased volumes. This setup can also increase the product and process 
flexibility since it makes it easy to switch between production of big and small 
miscellaneous parts. 

 

12.2.2 ROUTINES 
As the concept evaluation suggests, the routine concept isn’t expected to have great 
effects on the project’s objectives. However, as stated in the implementation 
strategy, the routines can play an important role since they could help the 
implementation of more advanced technology, in this case the turning tables, by 
improving the organizational structure in which the turning tables are supposed to 
be implemented. This is concluded by applying the model that Chen and Small 
(1996) present. However, it’s questionable that the turning tables would be 
considered as advanced manufacturing technology (AMT). There isn’t a clear 
definition of what qualifies as AMT. In any case, the turning tables would be a more 
advanced solution than today, which would imply some kind of relevance of the 
theories regarding the implementation strategy. 
 
Although the predicted effects of the routines as a standalone concept wouldn’t be 
immense, there are some aspects that contribute to the objectives of the solution. 
Implementing a standardized test run process could facilitate the test run 
executions. Also, standardization of processes follows Liker’s (2009) sixth 
principle. Standardizing work is also an important part of the organization of 
Lindbäcks which further motivates standardization of test runs. The routines could 
also play an important role in increasing the working conditions. Repetitive work 
can be harmful and cause injuries such as MSDs (AFS 2012:2). Job rotation would 
reduce the repetitive work and therefore increase the working conditions in the 
Sub-Factory.   
 

12.2.3 MACHINES AND EQUIPMENT 
Implementing lifting equipment is a good way of reducing the risks of MSDs since 
it removes the manual handling of heavy and unwieldy parts that could lead to 
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injuries (AFS 2012:2). The provision EPMD (AFS 2012:2 §6) states that the 
employer must take measures against harmful work environment. Although it’s 
suggested, no requirement of purchasing lifting equipment is stated.  
 
As Liker’s (2009) first principle of Lean suggests, short-term financial goals might 
have to be overlooked if it’s required for the long-term approach. The 
implementation of lifting equipment, as well as turning tables, might be expensive 
solutions. However, as Buckle (2005) suggests the MSDs can lead to serious 
disability among the workers which in turn may become costly for the companies. 
Although, the risks of serious injuries due to manual lifting might not be very likely. 
However, the consequences of goods falling onto a worker might be substantially 
more devastating even though it might be a rare occurrence. To reduce the risk of 
falling goods as well making the turning of component faster the implementation 
of turning tables can be done. Liker (2009) also state, with his 8th principle, that a 
company should use the right technology to make the most out of people. As the 
situation is today at the Sub-Factory the workers are limited by the overhead cranes 
due to the high utilization. The waiting on overhead cranes, is according to Ohno 
(1988), considered a waste that should be eliminated. Liker (2009) suggests it is 
important the technology is reliable and well proven to be working. The turning 
tables would reduce the need for the overhead cranes and it’s a solution that has 
been used at Lindbäcks for many years and is well proven with the products made 
at Lindbäcks. Hence, investing in turning tables and lifting equipment could be a 
good idea, in a Lean as well as a safety perspective. 
 

12.2.4 TEST RUNS 
The test runs performed historically has been done with complete modules. These 
modules are not used afterwards. This means that a complete module has been 
built in vain. Ohno (1988) describes this occurrence as one of the seven wastes, 
namely overproduction. By simplifying the modules, the waste won’t be removed, 
but the costs coupled to it can be reduced. Since it’s in the visions of Lindbäcks to 
increase the amount of testing it’s arguable that the importance of reducing the 
waste will be bigger. 
 

12.2.5 PRODUCTION PLANNING 
Evening out the workload is the fourth of Liker’s (2009) principles of Lean. This 
could be achieved with the production planning concept by adjusting the volumes 
of the house modules depending on the current situation in the Sub-Factory. 
Excess capacity should be spared to make room for other activities that equally, or 
even more, important. This keeping back of production can be described as 
banking flexibility. As Gerwin (1993) mentions, banking flexibility is a strategy 
where the excess capacity can be used for sudden needs, in this case for example 
when the Sub-Factory lack other duties or the main factories can’t manage the 
production or some reason. With Sethi and Sethi’s (1990) perspective, this concept 
mainly increases the volume flexibility since the volume of house modules largely 
is irrelevant as long as the Sub-Factory have other duties. 
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12.3 CONCLUSIONS 
In this part, the research questions are answered. It is concluded with a discussion 
regarding the objectives and aims of the project. 
 

12.3.1 RESEARCH QUESTION 1 
How should the Sub-Factory be designed to make it more flexible? 
 
This project has resulted in concepts that could make the Sub-Factory more 
flexible. A problem with the current situation of the Sub-Factory is that the capacity 
is very limited. The production planning of today doesn’t allow for sudden changes 
in the production scheme. The layout suggested in this project could improve the 
situation substantially. The efficient flows enable the volume flexibility to be 
increased. And the setup of the miscellaneous stations could enable more product 
and process flexibility. The excess capacity, enabled by utilizing Haraholmen to 
produce regular house modules, may be used if sudden changes occur. This way 
the Sub-Factory could become more flexible. 
 

12.3.2 RESEARCH QUESTION 2 
How can education and training be implemented as a regular function of the Sub-
Factory? 
 
This project has resulted in a routine for how the Sub-Factory should prepare itself 
to educate and train the new employees at Lindbäcks. It has also resulted in a 
suggestion on an education strategy that should be considered. However, to 
implement those routines a considerable amount of planning should be done. The 
routines will ensure that every employee gets the same level of training and 
education. However, the quality of the training is depending on how much 
resources the planning stage receives. If too little the education and training might 
as well not be implemented at all. 

 

12.3.3 RESEARCH QUESTION 3  
What competence will be needed in the Sub-Factory and how can it be increased? 
 
To be able to implement more training, test runs, and create more special products 
the overall competence of the Sub-Factory needs to be quite high. This project has 
resulted in routines that could improve the overall competence of the Sub-Factory. 
The more experienced workers at Lindbäcks often have a greater knowledge of 
products and tools. To increase the competence of the Sub-Factory workers, the 
more experienced workers can be moved from the main factories when in need of 
new staff in the Sub-Factory. Thus, reassuring that the Sub-Factory competence is 
at a high level. 
 

12.3.4 RESEARCH QUESTION 4 
How should Lindbäcks transition from the current state to implement the 
solution? 
 
This project has resulted in a solution containing five different concepts. Some 
concepts are less advanced and easier to implement while some contain big 
changes that need to be carefully considered and planned. An implementation 
strategy, which is influenced by the theoretical framework, is presented. Generally, 
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the easy and highly feasible concepts are suggested to be implemented at early 
stages of the overall implementation process. It’s argued that implementing 
solutions such as routines will simplify the implementation of the more extensive 
concepts. To limit the downtime of the Sub-Factory due to reconstruction, it’s 
suggested that the concepts that include major reconstruction work are 
coordinated to be implemented simultaneously, in biggest possible extent. The 
time frame for implementation of some concepts also depends on events that 
supposed to happen within the organization. A model was created to present the 
implementation strategy, see Figure 33. 
 

12.3.5 MAIN RESEARCH QUESTION 
How should the Sub-Factory be organized to work as a flexible resource to the 
main factories? 
 
The five suggested concepts form an overall solution which can enable a desired 
usage of the Sub-Factory. Investing in certain equipment and rearranging the plant 
might significantly improve the material flow and in that way enable an increase of 
capacity. The ability to increase the capacity can also be seen as a kind of flexibility, 
namely expansion flexibility. The Sub-factory can be more flexible and handle 
more variety in the activities if the capacity from the Haraholmen expansion is 
utilized for reducing the amount of house modules for the Sub-Factory. By also 
establishing routines and standardizing certain activities the desired activities can 
take place to make the Sub-Factory the flexible resource that Lindbäcks needs. 
 

12.3.6 PROJECT OBJECTIVE AND AIMS 
The objective and aims of the project are repeated and followed up by discussion 
on how the   
 
The Project Objectives 
The objective of the project is to design the Sub-Factory to meet the future needs. 
By investigating and analyzing the current state as well as the requirements of 
needs, concepts of change will be developed and presented. 
 
The objective of the project is clearly fulfilled as a solution suggestion regarding the 
Sub-Factory design is presented. The design is based on the analysis of the 
problems in the current state as well as the future usage in order to meet the future 
needs. 
 
The Project Aims 
The project aim is to present a decision basis on how to utilize the Sub-Factory in 
the future and suggestions on implementation of changes to reach the future 
state. 
 
An implementation strategy is presented as a suggestion on how to implement the 
solutions of this project. This thesis as a whole acts as a decision basis for Lindbäcks 
to make any changes regarding the Sub-Factory. Particularly the implementation 
strategy and out recommendation aim to assist Lindbäcks in the process of 
deciding how to utilize the Sub-Factory and what changes to make. 
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13 Recommendation 
It is evident that the changes and the expansion of the production system mean 
that the Sub-Factory gets a more central role at Lindbäcks. To be able to reach the 
overall goals and develop according to plan, we recommend that Lindbäcks acts to 
make to make changes as the current state of the Sub-Factory isn’t in line with the 
future visions and goals. 
 
As the Sub-Factory will get an important role and influence many aspects of the 
company it’s important that decisions of change are made in a slow and controlled 
fashion to prevent rash decisions. It is important to remember that the results of 
this project are based on a simplified current state and more factors can be taken 
into consideration. Thus, the solutions of this project are not necessarily optimal 
solutions.  
 
We recommend Lindbäcks to review and further discuss the suggested solutions. 
We also recommend reviewing the current state as we describe it as well as our 
method so that a thoughtful decision can be made. Emphasis should be put on 
understanding the underlying argumentation and discussion of the results rather 
than deciding if the exact concept should or shouldn’t be implemented. Since it’s 
impossible to consider every aspect of the company in a limited project like this, 
the solutions are only suggestions and should act as inspiration when making 
changes. It should also be mentioned that the suggested solution is an overall 
solution where the combination of concepts aims to collectively fulfill the 
objectives. This means that choosing to implement select concepts might not have 
the same effect as it would in combination with the other concepts. 
 
We would also highlight the importance of a clear strategy when implementing 
changes. If changes similar to our suggestions are to be made, the proposed 
implementation strategy should be reviewed. Whether the suggested model is used 
or not, it’s important to understand the motivation and the discussion of the model. 
The same reasoning may be useful for other situations and solutions. 
 
Lastly, regardless of which changes and decisions that Lindbäcks chooses to make, 
we strongly recommend that change processes would involve the personnel of the 
Sub-Factory. The workers are already engaged and committed to changes after 
taking part of the workshop. They are eager to get feedback and are curious about 
the results of the initiated process. They see things from another perspective and 
have a lot of ideas on how to improve the Sub-Factory. 
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Appendix 2: Interviews With 

the Staff 
● Background 

○  How long have you been working in the Sub-Factory? At 

Lindbäcks? 

1.  4 years in the Sub-Factory, 12 years at Lindbäcks 

2.  Not quite sure. Since about 1990 at Lindbäcks. 

3.  4 years in the Sub-Factory,10 years at Lindbäcks 

4.  1 year in the Sub-Factory, 5 years at Lindbäcks 

5.  5 months in the Sub-Factory, 1,5 years at Lindbäcks 

6.  2 years in the Sub-Factory, 11 years at Lindbäcks 

7.  7 years at Lindbäcks most of them in the Sub-Factory but have 

rotated a bit 

8.   4,5 years in the Sub-Factory 

9.  1,5 years in the Sub-Factory, 6 years at Lindbäcks 

10.  10 years in the Sub-Factory, 17 years at Lindbäcks 

 
○  Is there any difference between working in the main 

factory and the Sub-Factory? 

1.  More variation in the job in the Sub-Factory. Better team spirit. 

2. More variation in the Sub-Factory 

3. Better material kitting. More variation in the tasks the Sub-Factory 

4. More operations per station, more manual handling. More time to 

perform your tasks before it moves on. Better work environment, 

brighter easier to keep clean. 

5. More special products, no continuous flow 

6. More special products 
7. Involves more building than the main factory 
8. - 

9. More primitive equipment. More variation. 

10. More variation in here we make everything. 
 

○  How did you end up in the Sub-Factory? 

1. Wanted to try something new. 

2. Wanted to try something new. 

3. Wanted to switch work tasks 

4. I needed to work daytime 

5. Daytime were more suitable for me and my family. The work tasks 

were more suitable as well. 

6.  I wanted to work daytime. 

 

7. Was hired from another company before in the Sub-Factory, 

started working here because I was used to work here. 
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8. I was placed here. 

9. I have a disease that made it more suitable to work here  

10. I wanted to work here, so i applied for it. 
 

● Competence, work tasks, test runs 

○  What are your ordinary work tasks or responsibilities?  

1. Floor, ceiling and walls 

2. Walls 

3. Floor and ceiling 

4. Walls 

5. All-round 

6. I rotate a lot. 

7. Walls, but on later days I’ve been installing stairs. 

8. Walls 

9. Building Walls 

10. I assemble the modules 
○  Do you have any special competence that makes you 

responsible for any specific areas? 

1. No I’m versatile 

2. Nothing special 

3. I’m really good at building floors 

4. I know walls from the main factory. 

5.  No 

6.  No 

7.  No 

8.  No 

9.  No 

10. I’m a carpenter, not everyone is. But besides that i’ve been almost 
everywhere in the factory so I have a lot of experience.  

○  Have you ever been involved in doing test runs of new 

products? 

1. Yes 

2. Yes 

3. Yes 

4. A little bit 

5.  - 

6. Yes a few times 

7. Yes 

8. No 

9. Yes 

10. Yes 

○  How has that worked? 

1. Good, but you really have to put your mind to it. There have been 

some issues with the drawings 

2. Hard to say since I don’t really know the results of it. It might take 

a little more time than usual. 
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3. A bit problematic, no kitted material, much manual handling and 

doesn’t seem thought through.  

4. The drawings were incomplete 

5.  - 

6.  - 

7. It is inconvenient that they put it in the middle of another project  

8.  - 

9. A bit chaotic 

10. Takes a little longer but it’s fine. 

● Work intensity 

○  How do you experience the work intensity? 

1. Good pace 

2. I’m tired after a day 

3.  Really uneven. Sometimes you have to wait for material then the 

intensity is low, then when the material arrives the intensity gets 

very high since you have to work up the time you’ve lost.  

4. It’s alright 

5. It’s moderate 

6. Not the same as on the wall line in the main factory but still pretty 

high 

7. Pretty good pace 

8. Mixed, sometimes very high sometimes not.  

9. It’s up and down 

10.  High 

○  On a scale 1-10? 

1.  8 

2.  8 

3. Everything between 2-12, on average about 7-8 

4.  7, but it varies 

5.  6 

6.  7 maybe 8 

7.  Can’t say 

8.  9 

9.  8 

10.  8 

Average: 7,66667~7-8 
● Communication 

○  How does the team communicate before the shift? How 

do you think it works?  

1. Morning meeting, good but i want more information from the top  

2. Morning meeting, within the team and within the work station. 

The meeting within the team works fine but not the one within the 

workstation  

3. Morning meeting, good  

4. Morning meeting, feels like one-way communication hard to get 

the problems to the top. 
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5. Morning meeting, good 

6. Morning meeting, works fine 

7. Morning meeting, good information 

8. Morning meeting, It’s a bit unnecessary I think. 

9. Morning meeting, good 

10. Morning meeting, works  good 

 

○  How does the team communicate during the day? 

1. No problems 

2. Talking with each other and cooperating. It is good 

3. It’s hard if the team leader is away on meeting because we haven’t 

got a vice team leader. Then you don’t always know who you 

should turn to. 

4. -  

5. Through the team leader or the production leader. The 

communication is good. 

6. The team leader goes around and informs us if it is necessary  

7. Good 

8. It works well 

9. Good 

10. Good 

 
○  How is the team spirit? 

1.  Good 

2.  Good, I like it 

3.  Good 

4.  Pretty Good, I’m quite new to the team 

5.  Very Good 

6.  Very Good 

7.  Good 

8.  Very Good 

9.  Good 

10. Very Good 

 
Opinion of the current situation 

○  Do you think the Sub-Factory is prioritized in the same 

way as other parts of Lindbäcks? Why/Why not? 

1. No, because it is fewer people in the Sub-Factory than the main 

factory. Often have to wait for material  

2. No, The material is often late. I guess it is because we aren’t as 

many in the Sub-Factory 

3.  No, The material is not received in the same way as the main 

factory. We haven’t got the same standard in the Sub-Factory. 

4.  No we still count as a small part of Lindbäcks, fewer aids in the 

production and older equipment. 
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5.  No we often have to wait for material feels like they don’t 

prioritize the material that are going to the Sub-Factory. 

6. We’re disregarded a little bit 

7. No, but we’re more prioritized now than before since the Sub-

Factory is connected to the factory. 

8.  No not integrated in the main factory 

9. No, information doesn’t reach us. E.g. a note on a bulletin board in 
the main factory about applying for leave. We miss it because we 
aren’t there 

10.  No, we’re mainly a support function to the main factory. 

 
○  What do you think the purpose of the Sub-Factory is at 

Lindbäcks? Why is it needed? 

1. To solve the main factory’s problems. 

2. Build all special products 

3. To do the things the main factory can’t or won’t do. We’re also the 

that part of the company where you put those who doesn’t fit in 

the main factory. 

4. To build testing modules and special products. 

5. To build those things that can’t be built in the main factory. 

6. To build those things that can’t be built in the main factory. 

7. To build those things that can’t be built in the main factory. 

8.  To build those things that can’t be built in the main factory. 

9.  To build those things that can’t be built in the main factory. 

10.  To support the main factory with those products that don’t fit in 

there. E.g. building things that takes too much or too little time. 

● What are you especially good at in the Sub-Factory? 

1. To solve the main factory’s problem.  

2.  We are good at most things, we’re very flexible. 

3.  To build the things that can’t be made in the main factory. We’re 

good at uncomfortable operations. 

4.  I don’t know 

5.  We’re good at making special products. The competence is high. 

6.  Building special products. 

7.  Finding solutions to things and cooperating. 

8.  Broad knowledge 

9.  Versatile 

10.  Variations, we’re very flexible. 
● Problems 

○  What are the most common smaller problems you 

usually encounter during a day? 

1. Faulty drawings, bad information 

2. Faulty drawings, waiting for correction of drawings 

3. Planning, don’t know how the finished products should be 

delivered (those products that doesn’t exits through the assembly 

line). 

4. Faulty drawings. Faulty material. 
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5.  Faulty drawings. Faulty material  

6.  Faulty drawings 

7.  Faulty drawings 

8.  Faulty drawings 

9.  Collecting material Sometimes material is missing. 

10.  The logistics inside the Sub-Factory 

 
 

○  Are there any major issues in the Sub-Factory?? 

1.  Nothing Special 

2. Faulty drawings, waiting for correction of drawings 

3. Planning, don’t know how the finished products should be 

delivered (those products that doesn’t exits through the assembly 

line). Faulty drawings, faulty material. 

4. Waiting on the overhead cranes 

5. Faulty material. Waiting on the overhead cranes. 

6. Waiting on the overhead cranes, floor station must use the cranes 

to lift sheets.  

7. Narrow and low ceiling 

8.  The logistics/flow of material. Waiting on the overhead cranes 

9.  We’re lacking a storage for our material. Now it’s outside. 

10.  The logistics i both a major and minor issue. 

 
● Attitude towards change 

○  Do you think the Sub-Factory is in need of a change? 

1.  Yes 

2.  Inget speciellt Nothing special 

3.  Yes 

4. Yes 

5. For the current state I think it’s alright but if we’re supposed to 

produce more we need improvements. 

6.  Hard to say. 

7.  Yes 

8.  Yes 

9.  Yes 

10.  Would be nice but I don’t think it’s necessary. We’re only a 
support function. 

  
 

○  Do you have any suggestions of a change? 

1.  Job rotation, so it gets less exhausting.  

2.  New equipment, such as saws. New storage for lumber on the 

front of the factory. 

3. Want clarification on what happens with the finished products. 

4. A storage for the lumber in connection to the Sub-Factory. More 

space in the factory 



APPENDIX 2: Interviews With the Staff  

 

 VIII 

5. More overhead cranes and turning possibilities, newer equipment, 

turning tables and one overhead crane per station. 

6.  Smaller lifting equipments instead using the large overhead 

cranes. 

7.  Make the company smaller, so we can build more. I think we 

should build small cottages again like we used to.but we put that 

production in the Sub-Factory. 

8. Replan the production and improve the flow of material. 

9. Better vacuum for the saws. Storage room is needed for the 

lumber. 

10. If they have the resources they can make a change 

 

 

● Other things 

○  Anything to add? 

○  Turning tables would be nice. 

○   
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Appendix 3: Early Layout Ideas 
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Appendix 4: Layout Workshop 
Layout workshop with the Sub-Factory personnel (1/11 14:15 - 15:15) 
 
Purpose: Evaluate layout ideas and gather more ideas from the workers. 
 
Schedule: 
14:15  
Present the project and the purpose of the workshop 
Go through the proximity analysis  
Describe the current material flow and the problems with it 
Split the workers into 2 groups 
 
14:25 
Assignment 1: 
Split the groups again (totally 4 groups) 
Let every group create layouts with premade block components 
 
14:35 
Walk between the groups to document and discuss the layout suggestions 
 
14:45 
Assignment 2: 
Show and explain our own layout suggestions 
Let them discuss within the groups 
Finish with a open group discussion  
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Results: 
Assignment 1: 
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Comments on workshop 
They do not put the floors and ceilings in the buffer. The miscellaneous station is 
creating windows to the walls and also shorter types of walls. These walls are being 
put in the buffer. 
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Appendix 5: Other Early Ideas 
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Appendix 6: 3D Figures of Final 
Layout 
These figures show the covering process. The cover can be raised in the empty 
space by the meeting area and be easily moved to the module with the overhead 
crane. 
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These figures show the miscellaneous station. Here we can see the new placement 
of the work tables and the raw material. In the second picture the smaller overhead 
crane is visible as well as the meeting area. The meeting area is in the same are as 
in the current layout. The benches can be moved when not needed and make room 
for covering. 
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These figures show overviews of the Sub-Factory. Here the placements of each 
gate are shown 
 

 
 

 
 

 


