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Abstract 
The purpose of the master thesis has been to examine the production system at the company Lundqvist 

Trävaru AB and use the gathered information to create a layout suggestion together with a couple of 

improvement ideas. The thesis is the final part of the Industrial Design Engineering programme at Luleå 

University of Technology (LTU). Lundqvist Trävaru AB is a manufacturing company that specializes 

in producing prefabricated building kits out of wood, but the insufficient size of their current factory 

located in the industrial area of Öjebyn on the outskirts of Piteå, have created a need to relocate to a 

larger site. This new site is located at Haraholmen south of Piteå. The aim and objective have therefore 

been to develop a layout suggestion as well as a couple of improvement ideas, with the purpose of 

solving the identified problems at the current factory, thereby making sure that they do not reappear at 

the new site.  

Methods in the form of interviews, observations and documentation reviews were performed to identify 

potential problems with the production system and the work organization. To aid the investigation of 

the current factory, literature reviews of scientific books and articles were also performed during the 

project, with the purpose of giving the thesis a solid scientific foundation. After an overview of the 

production system had been created, the next step was to analyze the identified problems. These affected 

many different aspects of the company, for instance the material handling, work organization, flow of 

information, production flexibility, inventory capacity and production flow. The main problem that in 

turn caused many of the identified problems was the insufficient inventory capacity, which led to 

problems with overflowing inventories and long delivery times for materials. This in turn affected the 

material handling negatively and made it hard to keep track of materials in the factory.  

Additional problems that were identified was divided workstations, scattered areas for material storage, 

an increasing amount of special orders with dimension outside of the ordinary size range, a lack of 

standardized working methods and lack of communication between the office and the production team. 

After the problems had been identified, the next part of the project was dedicated to performing creative 

methods with the purpose of developing layout concepts as well as improvement ideas. The methods 

that were used to fulfill this task was brainstorming, mind map, requirement specification, proximity 

chart and workshop. After these methods had been performed the result was four layout concepts and 

several improvement ideas. 

The next step was to evaluate the layouts and the ideas with the help of the requirements that had been 

specified together with the management at Lundqvist. The evaluations resulted in a final layout together 

with the most promising improvement ideas. These ideas were to standardized drawings and working 

methods, increase the work with creating manuals for the different stations and machines, adapt the 

workstations for special orders, purchase tablet computers for each workstation thereby allowing better 

information sharing and contact between the production team and the office, create a digital map of the 

factory, use markings and colors at inventories to facilitate identification of specific materials, better 

routines for the disposal of production waste and larger passages for trucks and wheel loaders.  

The result of the last part of the project was a 3D-model of the factory and the site, which showed the 

placement of the different machines, workstations and inventories used during the production of the 

prefabricated building kits. The benefits of the suggested layout and improvement ideas are better 

material handling, increased inventory capacity, better information sharing, standardized working 

methods and drawings, a straighter production flow and an increased production flexibility, which gives 

a better ability to produce special orders. If it turns out that it is hard to implement the layout at the 

present, the recommendation for Lundqvist Trävaru AB is to start with implementing the improvement 

ideas and then successively implement the layout. The suggested ideas and layout will make the 

company more prepared for the future and increase their ability to handle the planned production 

increase, while also making sure that they are able to better keep production deadlines, attract more 

customers and successfully establish themselves at Haraholmen. Which in turn will lead to reduced 

unemployment and increased tax revenue for Piteå municipality.  

Keywords: Production Development, Prefabricated Building Kits, Layout Development, LEAN, 

Material Handling, Production Flow  



Sammanfattning 
Syftet med examensarbete har varit att undersöka produktionssystemet hos företaget Lundqvist Trävaru 

AB, samt använda den insamlade informationen för att skapa ett layoutförslag tillsammans med ett par 

förbättringsidéer. Detta examensarbete är sista delen av programmet Teknisk Design vid Luleå Tekniska 

Universitet (LTU). Lundqvist Trävaru AB är ett tillverkningsföretag som är specialiserade på att 

producera prefabricerade byggsatser gjorda av trä, men otillräckligt utrymme vid deras nuvarande 

fabriken belagd i industriområdet Öjebyn i utkanten av Piteå, har skapat ett behov av att flytta till en 

större anläggning. Denna nya anläggning är placerad i Haraholmen söder om Piteå. Syftet och målet har 

därför varit att utveckla ett layoutförslag, såväl som ett antal förbättringsförslag, med syftet att lösa de 

identifierade problemen vid den nuvarande fabriken och därmed se till att de inte dyker upp igen vid 

den nya anläggningen. 

Metoder i form av intervjuer, observationer och dokumentgranskningar utfördes för att identifiera 

potentiella problem med produktionssystemet och arbetsorganisationen. För att underlätta 

undersökningen av den nuvarande fabriken utfördes också litteraturgranskningar av vetenskapliga 

böcker och artiklar under projektets gång, i syfte att ge examensarbetet en stabil vetenskaplig grund. 

Efter att en översikt av produktionssystemet hade skapats var nästa steg att analysera de identifierade 

problemen, vilket påverkade många olika aspekter av företaget, bland annat materialhanteringen, 

arbetsorganisationen, informationsflödet, produktionsflexibiliteten, lagerkapaciteten och 

produktionsflödet. Huvudproblemet som i sin tur orsakade många av de identifierade problemen, var 

den otillräckliga lagerkapaciteten, som lede till problem med överfyllda lager och långa leveranstider 

för material. Detta påverkade i sin tur materialhanteringen negativt och gjorde det svårt att hålla reda på 

material i fabriken. 

Ytterligare problem som identifierades var uppdelade arbetsstationer, utspridda områden för 

materiallagring, en ökande mängd specialbeställningar med dimensioner utanför det vanliga 

storleksområdet, brist på standardiserade arbetsmetoder samt brist på kommunikation mellan kontoret 

och produktionsteamet. Efter att problemen hade identifierats ägnades nästa del av projektet åt att utföra 

kreativa metoder i syfte att utveckla layoutkoncept och förbättringsidéer. Metoderna som användes för 

att utföra denna uppgift var brainstorming, mind map, kravspecifikation, närhetsanalys och workshop. 

Efter att dessa metoder hade utförts blev resultatet fyra layoutkoncept och flera förbättringsidéer. 

Nästa steg var att utvärdera layouterna och idéerna med hjälp av de krav som hade specificerats 

tillsammans med ledningen hos Lundqvist. Utvärderingen resulterade i en slutlig layout tillsammans 

med de mest lovande förbättringsidéerna. Dessa idéer var att standardisera ritningar och arbetsmetoder, 

öka arbetet med att skapa manualer för de olika stationerna och maskinerna, anpassa arbetsstationerna 

för specialbeställningar, köpa surfplattor för varje arbetsstation och därmed möjliggör bättre 

informationsdelning och kontakt mellan produktionsteamet och kontoret, skapa en digital karta över 

fabriken, använda markeringar och färger vid lager för att underlätta identifiering av specifikt material, 

bättre rutiner för hantering av produktionsavfall och större passager för truckar och traktorer.  

Resultatet av projektets sista del var en 3D-modell av fabriken och tomten, som visade placeringen av 

de olika maskinerna, arbetsstationerna och lagren som används under produktionen av de 

prefabricerade byggsatserna. Fördelarna med den förslagna layouten och förbättringsidéerna är bättre 

materialhantering, ökad lagerkapacitet, bättre informationsdelning, standardiserade arbetsmetoder och 

ritningar, ett rakare produktionsflöde samt ökad produktionsflexibilitet, vilket ger en bättre förmåga att 

producera specialbeställningar. Om det visar sig vara svårt att implementera layouten i nuläget är 

rekommendationen för Lundqvist Trävaru AB att börja med att implementera förbättringsidéerna och 

sedan succesivt implementera layouten. De förslagna idéerna samt layouten kommer att göra företaget 

mer förberett för framtiden och öka deras förmåga att hantera den planerade produktionsökningen, 

samtidigt som de ser till att de kan hålla produktionsdeadlines bättre, locka fler kunder och 

framgångsrikt etablera sig på Haraholmen. Vilket i sin tur kommer att leda till minskad arbetslöshet 

och ökade skatteintäkter för Piteå kommun.  

Nyckelord: Produktionsutveckling, Prefabricerade Byggsatser, Layoututveckling, LEAN, 

Materialhantering, Produktionsflöde
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1. Introduction 
This is a master thesis in Industrial Design Engineering at Luleå University of Technology (LTU). The 

project is performed at Lundqvist Trävaru AB, which is a company located in the area called Öjebyn 

outside of Piteå. The company specializes in manufacturing prefabricated building kits and distributing 

them to customers all over Sweden. The purpose of this project is to study the current production system 

at Lundqvist Trävaru AB and use the gathered information together with current research, to develop a 

proposal for a production layout for their new factory at Haraholmen. The project took place from April 

to September 2019. The following section is dedicated to describing the background, purpose, aim and 

stakeholders of the project.  

1.1 Background 
Lundqvist Trävaru AB is currently located in the industrial area of Öjebyn, but they are in the final 

stages of moving their business to a new factory located at Haraholmen outside of Piteå. They are 

scheduled for moving sometimes during the autumn. The new site at Haraholmen is larger than their 

current site and will therefore open new possibilities for expanding their production system. The larger 

area also means that they have more room to make the production system efficient without having the 

limitations of the smaller area at the current factory. The move from Öjebyn opens an opportunity to 

investigate the current factory and use the gathered information to create a production layout for their 

new factory at Haraholmen.  

1.2 Stakeholders 
The major stakeholder of the project is Lundqvist Trävaru AB, a successful project will lead to 

improvements regarding the different aspects of the production system at the new factory. The 

improvements will for instance result in a more efficient production with respect to material handling 

and production flow, this will in turn allow them to deliver the prefabricated building kits faster to their 

customers, but it will also help them take on more customers at the same time.  

Another stakeholder of this project is the production employees, a more efficient production system with 

improvements to the different aspects of it, could result in a better working environment. This also 

applies to the people working at the office, since a more structured production system will make material 

purchases and sales easier. A more efficient production will also have a positive economic impact for 

the suppliers that Lundqvist Trävaru AB utilizes, since it will increase the amount of products that 

Lundqvist needs to buy from them.  

A minor stakeholder of the project is the industries that are already established at Haraholmen. The more 

companies that move to Haraholmen and successfully establish themselves, the bigger the priority 

becomes for Piteå municipality to develop the area with for instance better road connections and 

services. A more developed industrial area might also attract more companies to Haraholmen, which 

will result in increased tax revenue for the municipality.  

1.3 Project Objective and Aim 
The aim of the project is to examine the production system at Lundqvist Trävaru AB’s current factory 

and use the gathered information together with existing research to develop suggestions for how to 

improve the production system. The objective of the project is to use the improvement ideas to develop 

a layout concept that is adapted to the conditions of the new site at Haraholmen. 

Lundqvist Trävaru AB have requested that the suggested layout must minimize unnecessary transports 

and lead times of the production system, while simultaneously ensure that the workers in the factory 

know where all the materials is supposed to be stored and how the production waste should be disposed. 

The suggested layout should if possible be feasible. All these requests have been taken into consideration 

during the project. 
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1.4 Research Questions  
The research questions formulated for the project will be based on how the production system can be 

arranged to maximize the production capabilities and efficiency, with regards to key factors like material 

handling and unnecessary transportation. The research questions are listed in the following bulleted list.  

• How does the current production system work?  

• What type of problems are affecting the production and organization? How can these be solved 

so that they do not appear at the new factory?  

• How should the larger surface area at the new site be utilize so that the layout become as efficient 

as possible? 

1.5 Project Scope 
The ergonomics of the workers has not been the main issue during the project, but some regards to this 

has still been taken. The working environment have been studied during the analysis, but it is also not 

the focus of the project. Since the project is focused on different aspects of the production, the layout 

for the office at the new factory has not been regarded, but the placement of it is still included in the 

final layout.  

The planned production start at the new factory at Haraholmen is scheduled to sometime in the autumn 

of 2019, most of the production information gathered has therefore been from the current factory at 

Öjebyn. But the size of the new site and the dimensions of the factory building at Haraholmen have been 

taken into consideration during the project. The scope of the project has been 20 weeks, starting in the 

spring of 2019. The time dedicated to the project have been 8 hours per working day, with 5 working 

days per week and 20 weeks in total, this amounted to a total project time of 800 hours.  

1.6 Thesis Outline  
The thesis is divided into several parts dedicated to the different phases of the project. Chapter 1 

introduces the project and includes a description of the objective and aim, research questions and the 

project scope. Chapter 2 is devoted to the context of the project and the aim of it is to give an introduction 

of the company and an overview of the products that they offer. Chapter 3 is dedicated to the theoretical 

framework of the project, while chapter 4 explains the different methods used to answer the research 

questions and fulfill the objective and aim of the thesis. Chapter 4 also ends with a discussion regarding 

the use of the methods. 

Chapter 5 contains all the information gathered about the current production system at Öjebyn and the 

various aspects of it. The chapter ends with a presentation of the identified problems.  Chapter 6 is 

dedicated to explaining the future state with regards to the plans and expectations that Lundqvist Trävaru 

AB have for the future. 

Chapter 7 is dedicated to the development of concept phase. The chapter starts with a presentation of 

the proximity chart that shows the desired relationships between the different functions of the production 

system. The chapter continues with an explanation of the requirements that have been used during the 

development of the layout concepts. The next part is devoted to explaining the improvement ideas that 

are not connected to a specific layout, for example the information sharing within the company. The rest 

of chapter 7 is completely dedicated to presenting and explaining the layout concepts that were 

developed during this phase, as well as the recommended amount of personnel for the production 

layouts. 

The evaluation of the suggested layouts is presented in chapter 8. It also contains an evaluation of the 

improvement ideas that are not connected to a specific layout, as well as an explanation of the reasoning 

behind the evaluations. Chapter 8 ends with a presentation of the modifications that have been made to 

the final concept. The purpose of these changes was to improve the final concept by making use of 

suitable parts of the layouts that did not pass the evaluation. 

Chapter 9 is devoted to presenting the result of the project in the form of a suggested production layout 

and improvement ideas not connected to the layout. The chapter starts with an explanation of the final 
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layout and ends with a description of the different aspects of the concept, for example the material 

handling and the work organization.  

Chapter 10 is dedicated to discussing the benefits of the final concept and the improvement ideas. It 

starts with a discussion about the final layout and continues with a description of the different 

improvements. The final parts of chapter 10 is dedicated to discussing the relevance of the project and 

the project execution.  

Chapter 11 is devoted to presenting a conclusion, during this chapter the project aim and objective are 

also discussed, as well as the research questions that were created at the start of the project. Chapter 12 

is the last chapter of the thesis and it is dedicated to presenting a recommendation for how Lundqvist 

Trävaru AB should move forward with the suggested layout and improvement ideas. 
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2. Context 
The following section contains the context of the project. It starts with a presentation of the company, 

an overview of the prefabricated building kits and a short presentation of the current factory building 

and the organization. The last part of the section presents the reason behind the relocation to Haraholmen 

and the relevance of the project. To make the text easier to read, the company name “Lundqvist Trävaru 

AB” will hereafter be shortened to “Lundqvist”. 

2.1 Company Presentation 
Lundqvist is specialized in manufacturing prefabricated building kits out of wood and they are currently 

located in Öjebyn. They offer building kits with dimensions according to the wishes of the customer, 

but to make the production and assembling easier, the available dimensions are within a predetermined 

size range. (Lundqvist Trävaru AB, 2019) 

The company started in 1936 as a carpentry. They were at the start focused on making furniture for the 

Swedish army, but at the end of the 1940s they changed their focus and became a saw-and planingmill. 

(Lundqvist Trävaru AB, 2019) 

The business model of the company remained the same until 2004 when the factory burned down, after 

the fire incident they decided to invest in manufacturing the prefabricated building kits that they produce 

today (Lundqvist Trävaru AB, 2019). 

The following figure 1 shows an aerial view of the current factory at Öjebyn. 

 

                        Figure 1 Aerial photo of the current factory at Öjebyn (Lundqvist Trävaru AB, 2019) 

2.2 Prefabricated Building Kits  
Lundqvist is as mentioned a company that produces prefabricated building kits out of wood. The size of 

the building kits depends on the type of building the customer wants. According to the website of 

Lundqvist, they currently offer the following kinds of buildings: garage, carport, stable, machine hall, 

cottage and house. (Lundqvist Trävaru AB, 2019) 

The business idea of Lundqvist is to provide the customers the possibility of customizing the house that 

they want by using Lundqvist’s own 3D modeler/calculator on their website.  The calculator allows the 

customer to select the type of building they want and then customize it by choosing dimensions. The 

customer also has the possibility of choosing different options, for instance insulation and the number 

of windows and doors, these can be placed in real time on the model of the building. The customer also 

has the possibility of choosing optional details, for example roofing tiles, downspouts on the house or 

garage ports. During the use of the calculator/modeler the customer receives real time feedback on how 

the building will look and what the final price will be depending on the options that have been chosen. 

(Lundqvist Trävaru AB, 2019) 

According to the management most of the customers that Lundqvist currently attract consists of private 

individuals, the building kits that they create are therefore mostly used for private purposes, as a result 
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of this one of their most popular building kits is holiday cottages. The building kits that they offer consist 

of different parts depending on the type of house the customer wants. The parts for the building kits that 

they currently manufacture themselves are small and large wall blocks. They also modify these wall 

blocks with for instance openings for windows and doors, depending on the type of house the customer 

wants. Lundqvist also used to manufacture roof trusses and gable ends, but they have chosen to 

outsource the production of these.  

The major reason behind the decision to outsource according to the management was that they saw an 

increase in the demand for building kits, they therefore outsourced the production of roof trusses and 

gable ends so that they could use that area of the factory to instead produce more wall blocks. Through 

interviews with the management it turned out that the production of roof trusses required around 20 

percent of the total area of the factory site, but only stood for around 7 percent of total value added. 

More information regarding the outsourcing is presented in chapter 5.  

2.3 Current Building and Organization 
The site at Öjebyn consist of a factory building that is attached to an office, a warehouse that is used by 

Lundqvist to store components in the form of loose timber, and a lumberyard/stockpile where most of 

the raw material is stored together with the finished building kits. More details about the factory site 

will be presented in the later parts of the thesis. The organization at Lundqvist currently consist of 29 

full-time employees, 17 of these work at the office, while the remaining 12 work in the production 

system.  

Lundqvist uses a large variety of suppliers depending on the type of extra options the customers have 

ordered together with the building kit. They for example use the roof tile manufacturer Kami Tak located 

in Kalix when the customer has ordered roof tiles. The production of roof trusses is as earlier mentioned 

outsourced, the company that Lundqvist has outsourced to is called Arvidssons Takstolar and their 

factory is located in Luleå. More information about this and the outsourcing will be described in more 

details in later parts of the thesis.  

2.4 The Relocation to Haraholmen 
Lundqvist are as mentioned moving to a new factory site located at Haraholmen south of Piteå. The 

main reason behind why they needed to relocate is the lack of space at the current site at Öjebyn. The 

insufficient space has created problems with both the material handling and the production flow. It has 

resulted in material being stored all over the factory, which have made it hard to keep track on where 

specific things are stored and how much they have in stock.  

The insufficient space has also made it hard to transport material around the factory and the site, since 

material is stored wherever there is space. This has therefore affected the maximum production capacity 

negatively, since the lack of efficient logistics has led to an increase in the time it takes for the workers 

to produce the blocks needed for the building kits.  

This has therefore resulted in that Lundqvist need to move so that the material handling and production 

flow can be improved. They also want to become better at keeping deadlines and decrease the time it 

takes for the customers to receive their building kits. This highlights the need to help Lundqvist with 

developing a layout for their new factory that can ensure that the problems existing at their current 

factory site does not reappear. 
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3. Theoretical Framework 
This section of the thesis contains the theoretical framework which has formed the scientific basis for 

the development of the production layout and the suggested improvement ideas. The section will start 

with a presentation of the industrial design engineering field and the different aspects of it that have 

been of use during the project. The rest of the section will be dedicated to presenting a deeper insight 

into these aspects. 

3.1 Industrial Design Engineering  
The subject of industrial design engineering is a concept that includes many different aspects. According 

to Salzman and Lund (1995) Taylorism principles of mass production played a major part in the usage 

of industrial design for many years, which resulted in a disregard for the humans involved in the 

production. But the organization of work evolved over the years, which made the human aspect of 

industrial design more important. For example, the involvement of workers in the production process in 

the form of total quality management. Industrial design can therefore be both human-centered or take 

on a more technologically based viewpoint. (Salzman and Lund, 1995) 

The sheer size of the industrial design engineering subject makes it hard to summarize, but according to 

Boghard et al. (2010) it is necessary that companies develop themselves and their systems so that they 

do not become redundant. Since the purpose of this project is to analyze an old production system and 

then apply this knowledge to design a new one, it is therefore important to have knowledge about 

industrial design engineering and the different aspects of it. The areas of industrial design engineering 

that will be of most use during the project are the following; production development, organization 

theory, layout development, production flow, production efficiency, material handling and production 

flexibility. 

3.2 Production Development 
According to Bellgran & Säfsten (2005) the combination of work and material that is needed to create 

a product is what characterizes the process called production. The process of improving and developing 

these characteristics is in turn what distinguish the concept called production development (Bellgran & 

Säfsten, 2005). 

The opportunity to investigate the current production system at Lundqvist provides a unique opportunity 

to draw lessons from it and then apply this knowledge in the development of the new system at 

Haraholmen. According to Bellgran & Säfsten (2005) old production systems are usually still active 

during the development process of new ones, which means that there are good opportunities to learn 

from the old ones.  

3.3 Production Flow 
The main purpose of this project is to develop an efficient production layout, it is therefore important to 

have knowledge about production flow and the different things that can affect it. Relevant knowledge 

has therefore been gathered to help with the understanding of this concept.  

The movement of material within a production system is often described by the term flow, but the term 

may also refer to the transfer of people and information within it (Bellgran & Säfsten, 2005). When 

designing a production system, it is important to take these different kinds of flows into consideration. 

An effective production flow would for example be one that ensures that the movement of material is 

done so that it arrives to the different production stations and machines at the right time. (Bellgran & 

Säfsten, 2005) 

When it comes to the transfer of material within a system, production flow can refer to different parts 

of the production process (Bellgran & Säfsten, 2005). It can be the flow of finished products, the flow 

between the different steps required to create a product or the flow of raw material. But the common 

denominator with all these different kinds of flows is that they occur within the factory. (Bellgran & 

Säfsten, 2005) During an improvement work with an existing production system or a development of a 

new one, the flow outside the actual factory site is usually disregarded. The focus is instead on the flow 

within the system. (Bellgran & Säfsten, 2005) 
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There are many different factors that can influence the production flow, according to Irani, Zhang, Zhou, 

Huang, Udai & Subramanian (2000) some of the factors that can result in a poor material flow are the 

equipment that is used for handling material, the layout of the building, the location of the different 

workstations, the policies for material handling and the locations of the input and output of the 

production system.  

According to the same authors these factors will result in a production system with symptoms of poor 

material flow (Irani, Zhang, Zhou, Huang, Udai & Subramanian, 2000). These symptoms can include a 

high number of inventories dedicated to finished products, a layout that makes it so that material needs 

to be transported long distances, poor communication between different work units, a large amount of 

machine setups, a production system that is ill-equipped to cope with higher demands and large cycle 

time for orders (Irani, Zhang, Zhou, Huang, Udai & Subramanian, 2000). 

3.4 Organizational Theory 
According to Bruzelius & Skärvad (2011), collaboration between people with the aim of effectively 

achieving goals that had otherwise been difficult or impossible to achieve on an individual level, is the 

basic idea behind the creation of organizations. The knowledge that is available about organizations and 

the many different aspects of it, such as how they arise and how they can be developed, has become 

unified under a common term, namely organizational theory (Bruzelius & Skärvad, 2011). From the 

beginning of the 1980s several theories have emerged over the years, this have created a wide variety of 

different theories that all deal with the matter of how to manage organizations (Røvik, 2008). One of 

these theories is called LEAN and since Lundqvist is influenced by it, LEAN will therefore be described 

in more detail in the following text. 

3.4.1 LEAN Production 
Lundqvist have drawn many lessons from the production theory called LEAN. They believe that 

continuous improvements, waste minimization and a well-ordered production system is the key to 

having an efficient production and organization. It is therefore important to have a theoretical framework 

about the subject, so that the different aspects of LEAN can be understood and used when developing 

the new production system at Haraholmen. The rest of this section will therefore be dedicated to 

explaining what LEAN entitles and how the different aspects of it is supposed to work in theory. 

According to Liker (2009) LEAN is a production strategy/philosophy that is based on the Japanese 

company Toyota and their production system, namely “The Toyota Production System” (TPS). In the 

early 1900s, Toyota was influenced by Henry Ford’s mass production principles and his development 

of the assembly line. But Toyota soon found out that the Japanese car market was relatively small in 

comparison to the American market. As a result, Toyota therefore wanted to adapt their production to 

the conditions of their own domestic market.  (Liker, 2009) 

The development of this took many years and a lot of trial and error, but the result was a production 

philosophy that emphasizes the importance of minimizing various forms of waste in the production 

system and organization (Liker, 2009). The idea behind this strategy is that if you minimize the parts of 

the production that does not add any value to the finished product, you can as a result of that keep the 

costs low and still have high quality (Liker, 2009). 

According to Liker (2009) who is a researcher that has studied Toyotas production system for many 

years, LEAN/TPS can according to him be summarized into 14 overarching principles, these principles 

should be applied if a company wants to work according to LEAN. According to the same author these 

can be categorized into four groups depending on what part of the production system and organization 

they are supposed to be applied to. The 14 principles that Liker (2009) identified during his studies will 

be presented in the following text.  

Group 1: “Long term thinking” 

The first group consists of one principle, which is about concentrating on long-term goals. According to 

this principle it is more important to work towards common long- term goals instead of concentrating 

on short-term monetary oriented goals. By having a long-term thinking, the company can focus on goals 
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that will allow the company to develop themselves and be successful for the future. It is also important 

to understand all the different parts of the organization and how they generate value for the company, 

this can in turn be done by constantly evaluating the different functions that exists within the company.  

Group 2: “The right process gives the right result” 

The second group consist of 7 principles. The first one is about creating production flows that are easy 

to understand, continuous and designed to move material and information as quickly as possible through 

the system. Another aspect of this principle is that it is important to always aspire to minimize the time 

it takes to start working on a project.  

The second principle is that demand should always be the driving component of production, both when 

it comes to the customer demand but also the demand for material within the production system. If 

demand determines how much is produced, the risk for overproduction will be negligible. Another 

important aspect of this principle is that you should always strive for as few products in the production 

system as possible. The aspects behind this principle is what makes up the LEAN principle called “just 

in time”.  

The third principle is about eliminating irregularities in the production planning to ensure that the 

workload for both the people involved in the production and the different processes is as even as 

possible. An uneven production often results in periods with high workload, a consequence of this is 

that problems can occur with things like safety and defective products.  

The principle of dealing with problems immediately when they appear is the fourth principle of the 

second group. The idea behind this is that if you do not start solving a problem straight away it will 

probably start to affect other parts of the production, which can result in lower quality. According to 

LEAN it is more important to stop a process and fix the problem instead of trying to avoid production 

stops.  

The fifth principle is that stabile and standardized work methods should be applied all over the 

production system. The reason behind this is that standardized methods assures that the production 

outflow is always the same, which is important when using a demand-based production system like 

LEAN. The work with finding a standardized method should be done by involving the production 

employees, in that way the chosen method is supported by the ones using it. Conflicts could be created 

if the management instead force the employees to work according to a standardized method that they 

have had no input in the development of.  

The sixth principle of the second group is the usage of visual control. To ensure that the employees 

know that they are following standardized methods while performing work, indicators that are simple 

and visible should be used. Visual control can for example be indicators that gives the employees 

information on where to store tools, but it can also be information on the number of products in the 

production system at any given time. The goal of visual control is to guarantee that information is 

accessible, which allows the employees to easily get knowledge about the different aspects of the 

production/organization. Visual control can also help with minimizing cluttered information in the 

production system, which will in turn lead to easier identification of potential problems.  

This principle also contains the method for how to keep the workplace organized and clean. The method 

is called 5S and it stands for Sort, Structure, Shine, Standardize and Sustain. Sort is about sorting the 

different products and clearing out things that are not being used. Structure deals with the importance 

of organizing, so that each thing used in the production has its own storage place. Shine is about keeping 

the factory and the different workstations as clean as possible. Standardize is about creating rules that 

ensures that the principles of Sort, Structure and Shine are followed by all the people in the organization. 

The last principle of 5S is Sustain, which deals with the importance of creating a habit in the company 

of following 5S. This can be maintained by making sure that the management keep an eye on how well 

5S is followed by all the employees.  

The last principle of the second group of principles is that technology should be used to support the 

employees, but it must be reliable and proven, and used in such a way that it does not replace the staff. 
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To ensure that the new technology does not disturb the current production, it is recommended to test the 

technology before it is implemented. Employees should also be encouraged to propose technical 

solutions, but if the technology does not fit the current production system, it must be modified. If it then 

turns out that the technology cannot be modified at all, it is best to reject the idea to guarantee that the 

stability of the company is kept intact.  

Group 3: “Add value to the organization by developing the organization and partner” 

The third group consists of three principles. The first principle of this group is about ensuring that the 

leaders of the company have good knowledge about the production and the processes that are included 

in it. The reason for this is that the leaders must be good role models for the employees, which they 

cannot be if they have poor knowledge about the daily work and the organization.   

The next principle is about the importance of using teamwork, because it will result in that the employees 

work together and that they help each other with following the standardized work methods. The use of 

teamwork also ensures that the employees spread the LEAN principles between themselves, which will 

also help new people in the work team with understanding the importance of the company’s values. To 

ensure that the employees follow the principles, the management must develop a strong culture within 

the company that promotes LEAN thinking in all parts of the organization.  

The last principle of this group is that reliable external partners must be chosen, these should preferably 

share the same values, so that good quality can be guaranteed in all aspects, whether it is production of 

raw material or the transportation of products. Reliable suppliers and partners give the opportunity to 

develop together and work towards the same long-term goals.  

Group 4: “To constantly search for root causes for problems drives learning within organizations” 

The last group consist of three principles. The first principle of this group is about the importance of 

always investigating the production in person when problems arise or if something needs to be improved, 

this applies to both the ordinary employees and the management. In this way the person examining the 

production can draw conclusion themselves on what needs to be done to improve something or fix a 

problem, instead of relying on what someone else says, which may end up being wrong. 

The second to last principle deals with the importance of making decisions together to get as much 

feedback as possible from different people and parts of the company. The decisions that are made should 

also be carefully considered in order to reduce the risk of introducing future problems. It is important to 

not hasten the time it takes to arrive at a decision, time should instead be taken to ensure that all the 

different details of the decision are known before it is taken. The longer decision-making time guarantees 

that the whole organization is involved in the decision, which results in that everyone already has 

knowledge about the decision before it is made. This has the added effect of reducing the time it takes 

to implement the decision in practice.  

The last principle of LEAN is the importance of always thinking about how to improve the different 

parts of a company or organization. It is also important that companies and organizations make sure that 

they always reflect on their past decisions and problems. In this way lessons can be drawn from past 

successes and mistakes, which can then be applied to ensure that the mistakes do not happen again, and 

that the likelihood of continued prosperity is increased. 

3.4.2 LEAN Implementation 
According to Losonci, Demeter & Jenei (2010), there are some factors that contribute to the employee’s 

perceptions about LEAN implementation in a company. During the authors studies they found out that 

commitment, communication, belief and work methods are the major factors that affect the success of 

LEAN implementation. Commitment and communication go hand in hand according to the authors, 

when the workers in the study received feedback from the management on what the new LEAN 

principles resulted in, they got more committed (Losonci, Demeter & Jenei, 2010). 

This feeling was increased because the workers had a high level of participation during the 

implementation, so they got more motivated to work according to LEAN since they had been involved 
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in the process of implementing it (Losonci, Demeter & Jenei, 2010). This increased the feeling of belief 

in the LEAN principles. It is also important for a successful implementation to ensure that the workers 

understand that the new working methods brought on by LEAN are more efficient. (Losonci, Demeter 

& Jenei, 2010) 

According to Alcadipani, Hassard & Islam (2018) some people think that LEAN is just a way for 

companies to cut costs and to help the management with dominating the employees. This have led to 

some being opposed to LEAN and its principles, which has created various forms of resistance within 

companies that attempt to implement LEAN (Alcadipani, Hassard & Islam, 2018). During the authors 

study at a company they found that different forms of domination appeared during the implementation 

of LEAN, which created reactions throughout the company (Alcadipani, Hassard & Islam, 2018). These 

reactions took according to the same authors the form of resistance towards change, which led to 

problems in the form of sabotage and contempt towards the people implementing it (Alcadipani, Hassard 

& Islam, 2018). The authors concluded at the end of their study that more research must be made around 

this subject, so that the understanding of resistance can get better and so that solutions to these problems 

can be created (Alcadipani, Hassard & Islam, 2018). 

These two studies show that it is important when implementing LEAN principles in a company to 

understand the employee’s perception of LEAN and the different types of resistance that can appear 

during the implementation process.  

3.5 Layout Development 
Production flow and inventories among other things are affected by the placement of machinery and 

workstations within a production system. The placement of these things in relation to each other are 

what defines the concept of layout development. (Bellgran & Säfsten, 2005)  

According to Sly (1997) the primary activity of a layout is the material flow. A good layout should 

ensure that the crossover of production flows and backtracking is kept to a minimum, while also ensuring 

that the production flows are short and smooth (Sly, 1997). 

According to Schmidt-Traub, Köster, Holtkötter & Nipper (1998) factors like operational requirements, 

the dimensions of the factory site, process needs, and safety considerations are factors that all needs to 

be taken into consideration when developing a layout. This needs to be considered so that the new layout 

ensures optimal process operability and good safety for the employees (Schmidt-Traub, Köster, 

Holtkötter & Nipper, 1998). 

The placement of the different functions within a factory depends on the production process, but there 

are some basic ways of designing a production layout (Bellgran & Säfsten, 2005). These are called line-

based layout, functional layout, flow group and fixed position (Bellgran & Säfsten, 2005). 

In a line-based layout the different machines and workstations are placed in order according to the 

production process, with material transports between them (Bellgran & Säfsten, 2005). This kind of 

placement of production processes results in a layout that is designed with the products in mind instead 

of the machinery, in other words a product-oriented layout (Bellgran & Säfsten, 2005). 

The line-based layout is most suited for mass production of standardized products (Bellgran & Säfsten, 

2005). This type of layout usually creates a need for “line balancing” which means that the workload 

should preferably be evenly distributed over all the different workstations and machines. Parallel lines 

can also be created if there is a need for increased production flexibility and capacity. (Bellgran & 

Säfsten, 2005) According to Segerstedt (2008) the advantages of a line-based layout are that it results in 

less transports and shorter throughput time. A drawback is that it leads to a higher sensitivity for 

production disturbances, since the production processes has a high dependence on that the neighboring 

processes in the line functions correctly (Segerstedt, 2008). 

If a production system is designed for mixed manufacturing with low volume and high variety, the 

functional layout is the preferably way of placing the different processes in the factory (Bellgran & 

Säfsten, 2005). The main idea of this layout is to place the machines according to their type and function, 
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this creates different groups of machines. These groups are then used according to what type of product 

is created. (Bellgran & Säfsten, 2005)  

The advantage of this type of layout is that it has a high tolerance for production disturbances, since 

each machine group consist of more than one machine (Segerstedt, 2008). Another advantage is that it 

creates a flexible production system that can take on more kinds of products if the need arises 

(Segerstedt, 2008). The disadvantages are that it creates long transport routes between the different 

machine groups, high number of products in work and uncertain throughput times (Segerstedt, 2008). 

The layout type that is called flow group is usually used when there is a need for a production system 

capable of creating high amount of different kinds of products, it is also suitable if the production time 

is high for each product (Bellgran & Säfsten, 2005). The main idea of this layout is to place the 

machinery and workstations according to the direction of the production flow (Bellgran & Säfsten, 

2005). 

The main equipment used in the production process should be the most expensive ones and the cheaper 

equipment should only be used as a support for the main ones (Bellgran & Säfsten, 2005). By doing this 

you can avoid creating queues in front of the cheap equipment and instead allow the expensive ones to 

have full occupancy (Bellgran & Säfsten, 2005). 

According to Bellgran & Säfsten (2005), the advantage of this layout type is that the grouping of the 

different machines and workstations allows for fewer product orders, since it is enough to send only one 

order to the whole flow group. The drawback is that flow groups need a high machine occupancy to be 

effective (Bellgran & Säfsten, 2005). The last basic way of designing a layout is called fixed position, 

this layout is suitable for production systems dedicated to the production of large products, for example 

boats (Bellgran & Säfsten, 2005). The main idea of this type of layout is to transport employees and 

material to the product, instead of the opposite (Bellgran & Säfsten, 2005).  

The fixed position layout can also be suitable when producing low volumes of complex products 

(Bellgran & Säfsten, 2005). The advantage of this layout type is that it allows the production of large 

products that would be hard to move in a system where the products are transported between different 

stations (Bellgran & Säfsten, 2005). The disadvantage of this is that it can be hard to automate the 

production since the work methods used on large products usually lacks standardization (Bellgran & 

Säfsten, 2005). 

3.6 Material Handling  
According to Sulírová, Závodská, Rakyta & Pelantová (2017) the purpose of material handling/logistics 

is to ensure that the different processes within a production system is delivered the correct quality and 

amount of material. Decreased lead times can according to the same authors be achieved by reducing 

the amount of inventory, by having a flexible transportation system and by ensuring that the layout of 

the production facilitates the material handling.   

The total lead time in a production system can according to Dobos, Tamás & Illés (2016) be described 

as the combination of a couple of different activities, including the time it takes to collect or store 

material in an inventory, the time it takes to pack the products and the operation time of the different 

processes.  

To decrease the lead times associated with material handling the same authors suggest that companies 

must make sure that they use optimum strategies that ease the material handling tasks. There are a couple 

of different material handling strategies, these are grouped depending on whether the strategy applies to 

the storage of material or the collection of material (Dobos, Tamás & Illés, 2016). The strategies 

associated with the storage of material are according to Dobos, Tamás & Illés (2016) the following: 

• Material is stored according to type and at a fixed location. 

• Material is stored wherever there is free space.  

• Material is stored at the closest inventory. 

• The material is organized into different groups based on for example the size of the material, 

the storage of the material is then done according these groups.  
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• The last strategy is a mixture of the former ones and it means that different parts of the factory 

can have different kinds of strategies, depending on what kind of strategy suits that specific area 

the best.  

The strategies that are used for the collection of materials are according to Dobos, Tamás & Illés 

(2016) the following: 

• First in first out, which means that the material stored first will be the first one that gets taken 

out.  

• First expired first out, the material will be stored according to the shortest expiry.  

• Last in first out, which means that the material that got stored last will be the one that gets 

collected first.  

• The most expensive material will be collected first. 

• The least expensive material will be collected first. 

• The final strategy for this group is also a mixture of all the strategies, which means that different 

parts of the factory can have different kinds of strategies for material collection.  

According to Dobos, Tamás & Illés (2016) the strategy that should be chosen depends, among other 

things, on whether the material handling system is designed so that the relocation of material is possible 

or if the system is “static”, in other words that material is stationary within an inventory (Dobos, Tamás 

& Illés, 2016). 

Beamon (1999) describes that it is important to take into consideration that the efficiency of the material 

handling is greatly affected by the amount of congestion within a transportation system. The main cause 

behind congestion is that the system is reaching its maximum capacity (Beamon, 1999).  

A large amount of congestions will prevent the vehicles from moving freely which among other things 

means that they will have to travel more slowly. Beamon (1999) According to the same author there are 

some factors that will affect the transportation system negatively, this includes things like intersections, 

too many vehicles occupying the same area and the placement of functions like the loading/unloading 

area, which might cause blockages for other vehicles that want to pass through (Beamon, 1999). 

3.7 Efficiency/Productivity 
When evaluating how well a production system works, efficiency and productivity are two concepts that 

are commonly used synonymously (Bellgran & Säfsten, 2005).  

According to Kowalski, Królikowski & Szafer (2018) a link between productivity and quality of a 

system can be made. The authors define three types of qualities that effect the productivity, these are 

“pre-production quality”, “quality in the manufacturing sphere” and “quality in the post-production 

sphere” (Kowalski, Królikowski & Szafer, 2018). The term “pre-production quality” refers to the design 

of a product and its capabilities to attract and satisfy customer’s needs, the authors puts forth the idea 

that only products that are in demand by the customers should be used when determining the productivity 

of a system (Kowalski, Królikowski & Szafer, 2018). 

Production delays, different types of waste, bad workmanship and deviations from technological 

documentation are all factors that negatively affect the “quality in the manufacturing sphere” (Kowalski, 

Królikowski & Szafer (2018). When these negative factors start to appear, it will be more costly for a 

company to eliminate them, since it leads to an increase in things like the amount of raw material needed 

and additional labor, which puts added strain on a production system and thus reducing its productivity 

(Kowalski, Królikowski & Szafer, 2018). 

The last quality is the “quality in the post-production sphere”, the authors propose that the quality of a 

product highly affects the customers satisfaction, lower product quality may therefore increase the cost 

for warranties. It may also lead to an increase in the number of customers cancelling their orders, all 

these increases of costs for a production company in turn leads to reduced productivity. (Kowalski, 

Królikowski & Szafer, 2018) 
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3.8 Production Flexibility  
The concept of production flexibility is a wide subject that lacks a universal classification, the meaning 

of flexibility therefore varies between people (De Tonie & Tonchia, 1998).  

According to Buzacott & Mandelbaum (2008) the concept of flexibility can among other things refer to 

the level of freedom a company have when it comes to decision making. Flexibility might also be 

classified as the capability of a production company to adapt to different kinds of environmental 

uncertainties, for example the availability of workforce and the supply of raw material (Buzacott & 

Mandelbaum, 2008). 

According to Narasimhan & Das (1999) production flexibility can be grouped into three categories each 

containing a couple of different types of flexibility. These categories are operational flexibilities, tactical 

flexibilities and strategic flexibilities, the different types of flexibilities will be explained in the 

following text. 

Operational Flexibilities  

This category refers to the machine shop level of a production company and it contains five different 

types of flexibilities, they are according to Narasimhan & Das (1999) the following: 

• Equipment flexibility, the capability to change the operations that are done during the 

manufacturing process without having to replace the machines.  

• The ability of the system to adapt to variations in the raw material, for example deviations in 

the size of the material, is called material flexibility.  

• Routing flexibility, which means the ability to change the production flow of a system. 

• The material handling flexibility, in other words the capabilities of the system to move the 

material around it.  

• Program flexibility which refers to the level of attention that is needed when running the 

processes that make up the production system.  

Tactical Flexibilities  

This category refers to the plant level of a production company and it contains four kinds of 

flexibilities, these are according to Narasimhan & Das (1999) the following: 

• The capabilities of a system to change its production between the different kinds of products 

that it manufactures, is called mix flexibility. 

• Volume flexibility refers to the ability to lower or increase the produced volume if the need 

arises.  

• Expansion flexibility, which simply means the level of effort it takes to expand the production 

system, higher flexibility in this case means that it is easy to expand.  

• Modification flexibility refers to the ability of the production system to adapt to modifications 

of the products that it produces.  

Strategic Flexibilities  

The flexibilities that exists on the firm level of a company is grouped into this category, the two 

types of flexibilities that belongs to strategic flexibilities are according to Narasimhan & Das (1999) 

the following: 

• The ability of a production system to adapt to the introduction of new products is referred to as 

new product flexibility.  

• The last flexibility is called market flexibility and it refers to the capability of a system to adapt 

to changes in the market.  

These scientific articles about flexibility show the many different factors that must be taken into 

consideration when evaluating and developing a production company’s flexibility. 
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4. Method 
The following section of the thesis contains information on the methods that have been used during the 

different phases of the project. The result gained from these methods are also presented. The section 

will end with a discussion regarding the usage of the methods and how they have influenced the result 

of the project.  

4.1 Project Process  
The development of a production system and the changes that comes with it, can according to Bellgran 

& Säfsten (2005) result in a completely new system or changes that have the aim of improving an 

existing system. A good result after a development project is facilitated by having a predetermined 

process that is followed throughout the project (Bellgran & Säfsten, 2005). By knowing the different 

phases of a project, it is easier to structure and plan the development of the production system, it will 

also help with clarifying what kind of result each phase will give (Bellgran & Säfsten, 2005). 

According to Bellgran & Säfsten (2005) a recommended framework for a project process is the 

following: planning, design and evaluate, and implementation. The phase called “planning” consist of 

two main parts; management and control, and structured approach. “Design and evaluate” consist of 

preliminary design and specifying design. The last phase that is called “implementation” deals with the 

realization and implementation planning of the changes, as well as the commissioning of the changes 

brought on by the development project (Bellgran & Säfsten, 2005).The project development process as 

formulated by Bellgran & Säfsten (2005) has been taken into consideration during this project.  

To help with the project and minimize the risk of losing focus, an iterative project strategy called the 

project spiral was used (Bohgard et al. 2010). The idea behind the project spiral is that the project is 

divided into several phases, for example literature review and current situation analysis (Bohgard et al. 

2010). During the project you then go through each phase and focus on the most important things that 

need to be done during that phase, but the idea is that you constantly work iteratively and can at any 

time therefore go back to a previous phase (Bohgard et al. 2010). 

The phases that this project have been divided into is the following; literature review where relevant 

books and scientific articles are gathered and examined, current state which contains an analysis of the 

current production system and the future plans for it, development of concepts that is dedicated to 

developing a number of layout concepts, evaluating concepts where the final concept is chosen, and the 

last phase is called concept details, which is dedicated to finalizing the layout concept. The project spiral 

used in the project can be seen in figure 2. The project is as earlier mentioned planned for 20 weeks 

which amounts to a total of 800 work hours.  

 

Figure 2 Project spiral showing the different phases of the project, inspired by the project spiral in the book “Work and 
technology on human terms” by Bohgard et.al, 2010 
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4.2 Project Planning 
At the start of the project a plan for the process was created, the purpose of this was to serve as a guide 

to help with realizing the objective and to answer the research questions. As mentioned earlier, the 

project was based on an iterative project process called the project spiral (Bohgard et al. 2010). Daily 

notes were also used during the project to help with keeping focus. These notes contained information 

on the progress of each day, but also what needed to be done the next day.  

At the end of each week these notes were compiled to a weekly report that was used as a guide during 

the project. These weekly reports were also sent to the project supervisor at the university, with the 

purpose of allowing feedback to be continuously given throughout the project. A Gantt Chart was also 

created at the start of the project, the purpose of this was to help with the management of time by showing 

the different phases of the project and the planned length of each phase. During the project there were 

some fixed deadlines that had to be followed, these were taken into consideration and displayed in the 

Gantt Chart. The chart used during the project is attached in the appendix of the thesis (as appendix 

number 1). 

4.3 Literature Review 
To be able to gather and use relevant knowledge during a project or study, literature reviews are usually 

performed (Bohgard et al. 2010). Literature reviews were performed throughout this project with the 

purpose of gathering knowledge about the different aspects of the production system, but also to analyze 

the collected information. Literature reviews also served as a guide for how to develop the production 

layouts and as inspiration for how to solve the identified problems. The knowledge used during the 

project was gathered from scientific books and articles. These sources of information were used to 

ensure that the project would stand on a solid scientific basis and to give weight to the proposed layout 

and ideas. 

Some of the scientific knowledge that were of use during the project was information on production 

flow, layout development, production development and organization theories. Scientific search engines 

and books were used to gather suitable knowledge during the literature review. The articles used in the 

literature review were collected from the scientific databases known as “Web of Science” and “Scopus”, 

the articles were found by using search words based around the subject industrial design engineering. 

The search words were for example; production development, LEAN, material handling and production 

flow. To further help with finding relevant articles the functions “AND”, “OR” and “NOT” were used 

to better pinpoint the search.  

4.4 Current State 
The following section of the thesis contains a description of the different methods that were used during 

the project to gather information, both from Lundqvist and from scientific sources.  

4.4.1 Observation 
The method of observation was used throughout the project, but mostly during the current state phase, 

when the objective was to create an understanding of the production system. The following text will 

give an overview of how this method is supposed to be used and how it were used during the project. 

To gather information on how people for example interact with a system or product in real time, the 

method of observation can be used. Observation is an objective method and the purpose of it is to collect 

information on how something is done in practice and not just in theory. (Bohgard et al. 2010) The 

procedure that the users of a system or product use to interact with it, may in practice differ significantly 

from how the creator of said system or product intended (Bohgard et al. 2010). Observing how 

something works in real life can give a greater understanding of the problems and situations that may 

arise in the actual use of a system or product (Bohgard et al. 2010). 

Observations are mainly performed either in a field environment, where the observed interaction occurs 

naturally or indirectly in a constructed environment, where the interaction with a product or system is 

planned (Bohgard et al. 2010). To avoid influencing the user that is being observed during an observation 

in a field environment, it is important for the observer to be discreet when collecting information 
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(Bohgard et al. 2010). The method of observation can be used in a systematic way where the gathering 

of information is predetermined, in other words the user of the method knows from the start what kind 

of information is appropriate for their purposes (Bohgard et al. 2010). Observations can on the other 

hand also be unsystematic, which means that the user of the method is interested in collecting all kinds 

of information (Bohgard et al. 2010). 

The benefits of using observation is that information on the natural behavior of the user of the product 

or system can be collected, which can give the observer a better understanding of how something works 

in practice. The disadvantage of observations is that it can be hard to understand why the users act in a 

specific way. (Bohgard et al. 2010) 

When it comes to the project, an unsystematic field observation was conducted at the start of the project 

at Lundqvist to create an overview of how their current production system works. The later observations 

instead had the purpose of collecting information on specific things in the factory and had therefore a 

more systematic approach. All the observations performed at Lundqvist were conducted in a direct 

manner, the reason behind this was that the main goal of using observations was to gather information 

on how the production employees naturally interacted with the production system.  

During the observations, photos of the factory site, the different workstations and the 

stockpiles/inventories were taken. The purpose of these were to facilitate the understanding of the 

current production system. The photos taken inside the factory were also used to help with creating 

drawings of the production layout.  

4.4.2 Documentation Review  
Different types of documentation were given throughout the project, but most of the documentation was 

received from Lundqvist during the current state phase of the project. The documentation consisted of 

sketches of the current and the new factory, production plans and documents created during earlier pilot 

studies.  

Information about the company history and the business plan was gathered from the public website of 

Lundqvist. During the visits to the factory at Öjebyn, information was also collected from work manuals 

and management boards, but most of the documentation used during the project was as mentioned 

received directly from the management at Lundqvist.  

The computer drawings of the current factory were used to calculate the sizes of the different processes 

used by Lundqvist during the production. The supplied drawings had accurate dimension of all the 

processes and inventories, as well as sizes of the passages in between the different workstations and 

machines, all of this was therefore used during the creation of the layout concepts.  

4.4.3 Interviews 
As a complement to the observations and the documents collected during the current state phase of the 

project, interviews were used. These interviews were conducted with both the management and the 

employees working in the production. The purpose of the interviews was to gather information on the 

production system, but also on related areas, for instance the organization of work and the work 

environment. The total number of conducted interviews was around ten, of which one were of a more 

structured nature. 

Interviews are an effective method to gather information directly from the people involved in what is 

studied, by using interviews the interviewer can for example obtain information about experiences and 

opinions (Bohgard et al. 2010). The nature of an interview results in that the information collected is 

subjective, which must therefore be taken into consideration when processing the information (Bohgard 

et al. 2010). When planning an interview there are generally three different kinds of approaches that 

each give different forms of information, the chosen approach will result in either quantitative or 

qualitative information (Bohgard et al. 2010). These three different kinds of approaches to performing 

an interview are called structured, semi-structured and unstructured (Bohgard et al. 2010). 

Quantitative information is usually given by a structured approach, while qualitative data is given by an 

unstructured approach (Bohgard et al. 2010). The method of doing an unstructured interview consists of 
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the usage of open questions, which in other words means that the interviewer asks questions that allows 

the person being interviewed to talk freely about the asked subject (Bohgard et al. 2010). 

The advantages of this is that the interviewer does not need a set idea about want kind of areas are 

relevant to get information about (Bohgard et al. 2010). The open questions consequently allow the 

interviewer to steer the conversation in different directions and ask follow-up questions depending on 

what the interviewer deems most interesting to talk about (Bohgard et al. 2010). The disadvantages of 

open questions are that the large amount of information given during the interview can be hard to analyze 

(Bohgard et al. 2010). This fact also results in that unstructured interview are most typically useful when 

interviewing small amounts of people (Bohgard et al. 2010). 

If the interviewer is more interested in qualitative information the use of a structured interview might 

be more suitable, the qualitative information also makes it easier to compile and analyze (Bohgard et al. 

2010). In contrast with unstructured interviews, a structured approach demands that the interviewer has 

enough knowledge about the subject to be able to create questions that results in relevant information 

(Bohgard et al. 2010). The questions must therefore be sufficiently conceived, so that it is clear what 

kind of information the interviewer wants from the person answering them (Bohgard et al. 2010). The 

predefined questions of this approach make it so that this way of performing an interview is best suited 

when interviewing large groups of people (Bohgard et al. 2010). 

When both quantitative and qualitive information is wanted, a semi-structured approach is most 

preferable (Bohgard et al. 2010). This approach means that the interviewer has a predefined structure 

for what kind of information is relevant, but the questions that are used leaves room for open discussions, 

the interviewer is therefore free to ask follow-up questions if it is deemed necessary (Bohgard et al. 

2010). This approach requires that the interviewer have a clear picture beforehand on what kind of 

information they want to get from the interview, but the questions can still be adapted during the progress 

of the interview (Bohgard et al. 2010). 

The advantage of interviews as a method to collect information is that it is a flexible way to get an 

understanding of how people think about different things (Bohgard et al. 2010). The disadvantage of 

using interviews is that the answers given by the person being interviewed is subjective and might not 

always correlated with how it is in practice (Bohgard et al. 2010). If this is the case it will results in the 

gathered information not matching reality, it is therefore important to also use other kinds of methods 

for information gathering, for example observations (Bohgard et al. 2010). 

At the start of the project, unstructured interviews were used when talking to the management and the 

production employees, the reason behind this was to create an early understanding of the production 

system. The follow-up interviews at later visits had a more semi-structured approach, the purpose of 

these were to get more information on specific areas regarding the production system, for example 

information on the operations at the different workstations and the capacity of the inventories. 

Towards the end of the current stage phase of the project, a semi-structured interview was conducted 

with the production employees. The purpose of using this type of interview was to gather information 

regarding for instance the opinions about the current production system, the working environment and 

the expectations of the move to Haraholmen. The semi-structured interview was performed with one 

worker at the time to decrease the risk of the workers influencing each other. The questions that were 

used at the interview with the production employees and the answers are included in the appendix (as 

appendix number 2).  

4.4.4 Analysis  
The information gathered during the current state phase of the project was used to create an 

understanding of the various problem that exists at the current factory. The problems were identified by 

the methods used during the phase, for example interviews and observations. The identified problems 

were defined and structured according to what type of area they belonged to. Problems with the 

transportation of materials were grouped together with similar problems under the term “material 

handling”, while problems with workers not having enough information about orders were grouped 

under the term “information flow”.  
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4.5 Development of Concepts 
The following chapter is dedicated to explaining the different methods that were used during the 

development of concepts phase and how they were used.  

4.5.1 Requirement Specification 
To facilitate the development of concepts, requirements were formulated and the basis of these were the 

identified problems at the current factory. The requirements were in turn used as a guide during the 

brainstorming sessions to make sure that the proposed layouts kept the identified problems in mind. The 

purpose of this was to ensure that they would not reappear at the new factory. The requirements were 

also assigned a value together with the help of the management at Lundqvist, this was then used at the 

later phase of this project when evaluating the layouts. 

4.5.2 Proximity Chart  
The information gathered regarding the production system was used to create a proximity chart showing 

the wanted closeness relationships between the different production processes. The chart was used as a 

guide when placing the different processes. The chart is shown at the start of the development of 

concepts section of the thesis. 

4.5.3 Mind Map 
To help with the visualization of the identified problems and the suggestions for how to solve them, a 

mind map was created. According to Budd (2004) the purpose of a mind map is to categorize and 

organize information. The idea of it is to have a major topic in the center with branches flowing from it, 

these branches are then connected to minor topics associated with the central one (Budd, 2004). The use 

of color to associate a topic to a specific one can according to the same author be of use to ease the 

organization of topics (Budd, 2004). According to Farrand, Hussain & Hennessy (2002) and their 

examination of this method, mind maps can be a useful tool when wanting to facilitate the memorization 

of information.  

The mind map that was created for this project served as a guide during the brainstorming sessions, they 

were used to make sure that the layout concepts were created with regards to the identified problems. 

This was in other words used to more easily keep track of and remember the various problems during 

the brainstorming sessions. The finalized mind map is included in the appendix of the thesis (as appendix 

number 3). 

4.5.4 Brainstorming  
During the development of concepts phase, a couple of brainstorming sessions were conducted. These 

sessions had the aim of generating ideas for the creation of the layouts as well as ideas for how to solve 

the problems not connected to a specific layout. The total number of brainstorming sessions performed 

during the project was eight and they were all performed alone.  

Brainstorming is a creative method that can be used when the goal is to generate as many ideas as 

possible. (Bohgard et.al, 2010) The method is primarily used in groups, but it can be utilized without 

the help of a group as well. (Bohgard et.al, 2010) A large and important part of this method is to try and 

keep an open mind during the session, since criticism can hamper the creativity. (Bohgard et.al, 2010) 

The idea is instead to accumulate ideas without considering for instance the feasibility, the proposed 

ideas are instead evaluated after the brainstorming session is done. (Bohgard et.al, 2010) 

The identified problems at the current factory together with drawings of the new and current factory 

site, a mind map and the proximity chart served as guides during the brainstorming sessions. A so-called 

Greenfield-layout with no regards to existing buildings or size of the factory site, was also created during 

this stage of the project with the purpose of serving as a source of inspiration during further layout 

creations. The brainstorming sessions resulted in the creation of a total of four layout concepts 

(excluding the Greenfield-layout) and some ideas for how to solve the problems not directly related to 

a physical layout. The following figure 3 shows some of the ideas created during the brainstorming 

sessions. 
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                             Figure 3 Ideas from one of the brainstorming sessions. 

4.5.5 Workshop 
A workshop together with the production employees was conducted at Lundqvist, the purpose of this 

was primarily to involve the employees in the idea generation. The second purpose was to gather some 

feedback on the suggested layout concepts that were created during the brainstorming sessions. The 

workshop lasted for approximately 40 minutes and was conducted in the dining room after the morning 

break. A total of 13 employees attended, of which 2 of them were from the office. The schedule for the 

workshop is attached in the appendix of the thesis (as appendix number 4). 

According to Horsfall & Cleary (2008) a workshop consists of several participators and a facilitator, 

that have the roll of being a guide for the participators during the workshop session. There are different 

types of workshops, but the type that was used for this project was a problem-solving workshop. 

According to the same authors, this type of workshop has the aim of identifying and solving problems 

with the help of the participators (Horsfall & Cleary, 2008). Some guidelines that is important to follow 

to ensure a successful workshop, is among other things, to plan and prepare accordingly to the type of 

workshop (Horsfall & Cleary, 2008). 

The facilitator must also have good knowledge about the topic of the workshop and adapt it based on 

the level of knowledge of the participants (Horsfall & Cleary, 2008). During a workshop the facilitator 

must present the topic in a clear way, while also structuring the presented material and the exercises 

logically (Horsfall & Cleary, 2008). To guarantee that focus is kept during discussion segments of a 

workshop, it is important to plan them well beforehand (Horsfall & Cleary, 2008). A way to ensure that 

structure is kept during the discussions is to divide the participants into a couple of subgroups and then 

let them discuss the same topic within the groups (Horsfall & Cleary, 2008). According to Horsfall & 

Cleary (2008) the maximum suitable number of participants within each group is four people, the reason 

behind this is that larger groups can easily loss focus during discussions.   

The workshop at Lundqvist started with an introduction of the purpose of the thesis and the workshop, 

the next step was to split the participators into 3 groups with around 4 people in each group. After this 

the workshop could begin, the first task for the participators was to discuss the identified problems and 

try to create solutions to them. The major part of the workshop consisted of this task. The last thing that 

was performed during the workshop was the task of gathering feedback on the layout concepts.  

The participants were first shown sketches of the layouts and after that a discussion about the advantages 

and disadvantages of each layout was conducted. The workshop resulted in a couple of ideas for how to 

solve the identified problems and some feedback regarding the layouts. The following figures 4 and 5 

shows the creation of ideas during the workshop.  
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                 Figure 4 Group discussions during workshop                      Figure 5 Some ideas generated during the workshop       

4.6 Evaluating Concepts  
The evaluation of the concepts created during the development of concepts phase is described in the 

following part of the thesis.  

4.6.1 Evaluating Layout Concepts 
The basis for the evaluation of the proposed layout concepts was the list of requirements that had been 

created at the start of the development of concepts phase. These requirements were as mentioned based 

on the problems at Lundqvist’s current factory. The requirement had also been weighted with the help 

of the management, each requirement had therefore been assigned a value from 1 to 5. The highest 

number was 5 and meant that it was of great importance that the new layout fulfilled that specific 

requirement, while 1 meant that it was not as important. 

During the evaluation, the suggested layout concepts were assigned a value for each of the requirements. 

The same interval of numbers was used for this as well, with 5 being the highest and 1 the lowest. The 

assigned values symbolized how well the layouts fulfilled the requirements. At the end of the evaluation 

the weighted number was multiplied with the assigned value for each of the layouts, these were then 

added up to a total. The final value then showed which one of the suggested layouts was the best at 

fulfilling the requirements, the layout with the highest number was then chosen as the final layout.  

4.6.2 Evaluating Improvement Ideas 
During the brainstorming session and the workshop at Lundqvist, some ideas for how to improve the 

different aspects of the production system was created. These ideas were grouped according to the area 

of the system they would affect. The ideas were then evaluated according to how well they fulfilled the 

requirements, they were also assessed with regards to how effectively they would solve the identified 

problems. The ideas that passed the evaluation were then implemented in the final concept. 

4.6.3 Modification of the Final Concept 
After the layout with the highest score had been chosen as the final concept, work began with modifying 

it. The modifications were based on ideas from the concepts that did not pass the evaluation. These 

changes to the final layout were not drastic, they were instead about making small changes that would 

improve the layout, without changing it too much and thereby risking that the total evaluation score 

would not be in accordance with the modified version of it.  

4.7 Concept Details  
The layout and the ideas that passed the evaluation was developed further during this phase. The purpose 

was to create a final concept containing a suggestion for a new layout and a couple of ideas for how to 

solve the identified problems. A detailed 3D-model of the final layout was also created during this phase, 

the purpose of the model was to show how the layout would look in real life and thereby increasing the 

understanding of it. 
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The 3D-model was created in the digital sketch program called “SketchUp”, which is owned and 

developed by the company Trimble. The ideas created to solve the identified problems were as 

mentioned further developed and formulated during this phase. To help making it more structured, the 

ideas were divided into groups and presented in the thesis according to which type of problem they 

intended to solve. 

4.8 Method Discussion 
Most of the methods applied during the project had the purpose of collecting information about the 

production system at the Öjebyn factory. The method of observation, interview, documentation review 

as well as the workshop all had the purpose of gathering information. The only methods that had a 

different purpose was the brainstorming, mind map and literature review methods. The choice of 

methods has therefore mostly been done with regards to how effective they would be at collecting 

different types of information.  

The iterative method called the project spiral was an effective way of organizing the project, since it led 

to the dividing of the project into different phases with a well-defined structure of what each phase 

entitled. The iterative nature of the project spiral also allowed for work being done on earlier phases, if 

the need arose. The literature reviews that were done throughout the project served as an important way 

to gather knowledge, both on relevant methods as well as information regarding different subjects 

belonging to the industrial engineering term. The collection and analysis of scientific articles and books 

gave valuable knowledge regarding the different aspects of a production system and organization. The 

gathered knowledge was then used when creating the layout concepts and the improvement ideas, 

thereby making sure that they were well anchored in current research.  

The method of observation was chosen at the start of the project to develop an understanding of the 

production system and the work methods that were used by the employees. As earlier mentioned, the 

observations at the start had a more unsystematic approach since the purpose was to create an overview 

of the system. The use of this type of observations was a suitable way at the start of the project to gather 

knowledge about the production system without involving the users and thereby create a risk of 

influencing the gathered data. The choice of using systematic observations at the later stage was a fitting 

way of collecting information on specific things. Since the observations were better structured, more 

time could therefore be spent on researching a specific part of the production system, instead of 

unsystematically observing the system and thereby receive less in-depth information about each part of 

it.  

The use of interviews was an appropriate way of complementing the information collected by the 

observations, since interviews as mentioned by Bohgard et al. (2010) should preferably be combined 

with other types of information gathering methods, so that the user can make sure that the collected 

information matches reality. The use of unstructured interviews with the production employees and the 

management at the start of the project was therefore a useful way of creating an early understanding of 

the production system and the organization.  

The more structured interviews at the later parts of the current state phase was a suitable way of “filling 

in the blanks” regarding certain parts of the production system. The semi-structured interview conducted 

with the production employees served as a way of gathering more knowledge about the opinions of the 

workers regarding the production system as well as the organization. Useful information was provided 

during these interviews, but not all the workers seemed equally involved in answering the questions, 

follow-up questions were therefore sometimes needed. The lack of commitment may have been due to 

several reasons, for instance work stress but also that the questions that were asked could perhaps have 

been poorly formulated or presented. But in summary the semi-structured interview still provided useful 

information. 

The documents received by the management were used both at the start of the project to get an initial 

overview of the production system, as well as in the later stages. The digital sketches of the factory 

contained useful information. These sketches were for instance used when making the drawings for the 

layouts suggestions as well as during the creation of the digital model of the final layout. The dimensions 

of the machines, workstations and inventories were all collected from these digital sketches.  
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The workshops that was conducted together with the production workers was a useful method to involve 

the users in the creation of the improvement ideas, thereby increasing the user participation and as a 

result of that make the production employees more accepting of the suggested improvements. The 

workshops resulted in the creation of useful ideas and suggestions regarding the different aspects of the 

production system and organization. Some feedback was also gathered regarding the layout concepts 

that had been created prior to the workshop, these suggestions were if deemed applicable implemented 

in the layout concepts.  

The structure of the workshops followed the planned schedule, but the last part that was dedicated to 

layout feedback could have been better planned. It would have been better if each group had been able 

to discuss the layouts within the groups instead of having an open discussion. The plan of having an 

open discussion ended with only a few participants talking, more feedback could perhaps have been 

collected if the layouts were instead discussed in groups and then presented at the end.  

Lack of time was the reason behind the open discussions, the workshops took around 40 minutes, a 

group discussion would therefore have taken too much time. However relevant feedback was 

nevertheless collected about the layouts. An additional thing that could have been executed differently 

is the date of the workshop. The idea at the start of the project was for the workshop to be held at the 

beginning of the development of concepts phase, thereby allowing the workers to give suggestions 

regarding the layout creation. But since the project was planned to take place from late spring to early 

fall, the vacation period for the production employees made this plan hard to perform. Which meant that 

the workshop had to be placed after the workers had returned from their vacation, which resulted in it 

being carried out at the end of the development of concept phase instead of at the beginning.  

The brainstorming sessions that were performed, served the purpose of creating ideas for how to draw 

the layout suggestions as well as generate improvement ideas for the different areas of the production 

system and organization. Brainstorming is usually done in groups, it was therefore sometimes difficult 

to generate ideas. But the mind map that was created to structure the identified problems (as well as 

some early ideas), was a helpful tool during the creation of the layouts and improvement ideas. Sketches 

of the current as well as the new factory also helped with bringing some inspiration during the 

brainstorming sessions. The main reason behind the choice of brainstorming as a creative method was 

its ease of use, as well as being a common method for developing ideas.  

The use of requirements served as a suitable method for defining how the suggested layout concepts 

should be designed to solve the identified problems. As previously mentioned, the requirements were 

evaluated and assigned weighted factors together with the help of the management at Lundqvist. This 

therefore meant that the requirements had anchoring with the management, as well as being consistent 

with their view of the future for the company. This also provided an opportunity for user participation. 

The evaluation of the layouts and improvement ideas was made based on the requirements that had been 

defined. Since the requirements were based on the identified problems and the views of the management, 

it thereby made sure that the final layout concept and improvement ideas solved the problems, while 

also being rooted in the views of the management regarding the production plans for the new site and 

the future state of the company. Economical evaluation is another method that could have been used, 

but since no economical requirements had been stated by the management, this was therefore not taken 

into regard.  

The 3D-model of the factory and the Haraholmen site served the purpose of making it easier to 

understand the proposed layout and improvement ideas, it also resulted in a better overview of the sizes 

of the different machines, inventories and workstations. The modeling program called SketchUp was a 

suitable choice since it allowed access to a “warehouse” containing fair use models, which decreased 

the need for making models that already existed in the “warehouse”, thus saving time.  

Overall, the methods and course of action that have been used during the project have been relevant. It 

has also yielded good results and have thereby fulfilled the project objective and aim. But there are 

always things that could have been improved or performed differently, with regards to for instance the 

choice of methods and the execution of them. The methods used to gather information about the 
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production system and organization, have resulted in a good understanding regarding these aspects. The 

use of interviews, observations and documentation review have thus been sufficient regarding this.  

The choice of methods during the development of concepts phase have been adequate and resulted in a 

variety of relevant ideas and layout concepts, but more creative methods to complement the 

brainstorming could have made the development of the ideas and layouts easier and faster. Although the 

brainstorming has given good results, albeit not as fast and effective as it perhaps would have been with 

a combination of more methods.  

An example of a creative method that could have been useful is the method called the Six Thinking 

Hats, this type of method could have been executed together with the help of volunteers from either the 

company or students at the university, but time constraints and the fact that the main part of the project 

took place during the summer when people in Sweden usually have their vacation, (Visma, 2017), made 

it hard to plan and perform.  

An additional method that could have been useful is benchmarking, at the start of the project the idea 

was to use it to gather inspiration from companies with similar production systems or companies that 

had recently moved to a new site. But as mentioned, time constraints as well as the fact that a big span 

of the project took place during the summer months, made the planning and execution of benchmarking 

visits hard to perform. The solution to this would have been to start the planning of the benchmarking 

visits at the beginning of the project, but since the focus at the start was on gathering as much information 

as possible about the production and organization, resulted in this not being considered. 

The values chosen for the weighting of the requirements could have had a different scale. Instead of 

using 1 to 5 as values, a better number might have been 6 to 10. This would have made the least important 

requirement more impactful during the evaluation, instead of only giving 1 point and thereby giving the 

largest requirement 5 times the impact on the final score of the evaluation. To test this idea the evaluation 

was redone with the new values of 6 to 10, but after the evaluation was done the results was still the 

same. This therefore means that for this evaluation the scale did not have a large enough impact to 

change the winner of it, but the choice of a more appropriate scale will be regarded for future projects 

to minimizing the risk of this potential problem appearing again.  

At the start of the project another idea was to use simulations to test the new layout and improvement 

ideas, but time constraints and the course of action chosen at the start of the project made this idea 

difficult to execute in a good way. Another problem with doing the simulations was that there was a 

lack of reliable measurements of lead times for the different processes of the production system. The 

production and order times included in the thesis are based on time study data provided by the 

management at Lundqvist, but since a simulation requires newer and more accurate data to not be 

misleading, more time allocated to doing time studies would therefore have been needed.  

The fact that the project had an open nature with almost no delimitation resulted in that the first phases 

of the project was instead spent on creating an overview of the production system and identify potential 

problems, the gathering of accurate process lead times was therefore not regarded as being as important. 

But it might still have been beneficial to do a simulation, since it would have been useful to test the 

impact of the suggested layout and improvement ideas. This is therefore something that will have to be 

regarded for future projects.  
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5. Current State 
The following section of the thesis is dedicated to explaining the current state regarding the different 

aspects of the production system and organization. The section ends with a description of the problems 

that were identified at the current factory at Öjebyn.  

5.1 Products  
The small wall blocks that Lundqvist manufacture are intended for the smaller buildings that they offer, 

for example garages and cottages. While the large blocks are suitable for larger buildings in the form of 

ordinary houses and machine halls. The small blocks are standardized but can be modified within a 

predefined size range according to the options that the customer have chosen. If the customer for 

example want a window on each long side of the building, the wall blocks will be modified to have 

openings for the windows. The wainscots and studs that are needed for the windows are also created 

during this process. The same procedure is used if the customer for instance wants an opening for a door.  

The windows and doors that the customer orders for buildings consisting of small blocks, is delivered 

separately. The reason for this is mainly to make the production of the small blocks easier and thus 

faster. When it comes to the height of the small blocks, the customer can choose from the size range of 

2 to 4.8 meters, but the width of a small block is however predefined to 1.2 meters. The following two 

figures 6 and 7 shows simplified sketches of the small blocks and their dimensions. 

 

Figure 6 Overhead view of a small block 

 

Figure 7 Sideview of a small block 

The large wall blocks that Lundqvist produce are not standardized and are thus created almost entirely 

according to the customers wishes. But there are nevertheless some maximum dimensions that the 

customer must stay within while designing their building in the 3D modeler/calculator. These 

dimensions are a maximum width of 9 meters and a maximum height of 2.9 meters. The larger blocks 

are thicker than the smaller ones and they have the doors, windows and isolation already assembled 

before they are delivered to the customer.  

The reason behind why they install these components for large blocks but not for the small ones, is 

because they receive less orders for large blocks. This therefore means that they can dedicate more 

worktime to the production of them. Lundqvist also believes that since the larger blocks are more 

expensive for the customers, they want to give the included service of preinstalled windows, doors and 

isolation.  

Another reason is that components in the form of for instance doors and windows take up too much 

space and gives extra weight to the small blocks, which make them harder to work with for the 

production workers. Since the tables dedicated to the manufacturing of small blocks lacks the block 
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turning function of the large tables, it would therefore be much harder to turn the small blocks by hand 

if they weighed more and it could also lead to a higher risk of injuries for the workers.  

Lundqvist uses the company Arvidssons Takstolar as their supplier of roof trusses. The production of 

gable ends that Lundqvist have outsourced is also produced by the same supplier. Arvidssons Takstolar 

collects the wooden parts/waste that is left over after the production of panels at Lundqvist, which they 

then use to produce the gable ends.  

The roof trusses and gable ends are delivered to Lundqvist depending on the number of customers they 

have each period, in other words when they receive an order from a customer they in turn order the parts 

from Arvidssons Takstolar, which delivers them so that they are ready when Lundqvist have finished 

producing the ordered building kit. Arvidssons Takstolar produce batches and builds up stock of the 

standard sizes of roof trusses and gable ends for Lundqvist, but since the dimensions of these parts vary 

depending on the house size and type the customer wants, Arvidssons Takstolar as a result of this mostly 

produce according to the production plan of Lundqvist.  

At the end of the production cycle at Lundqvist, they gather “loose timber” parts that they then send 

together with the building kits. The choice of these parts depends on the picking list that is created at 

the start of a project, which in turn is based on the different types of options the customer has chosen. 

The “loose timber” are parts that the customer must mount themselves and can consist of components 

in the form of for example corner boards. When it comes to optional components, for instance garage 

ports and roofing tiles, Lundqvist uses external providers, that delivers these parts directly to the 

customer. 

5.2 Overview of the Factory Site at Öjebyn 
The area of the current factory site is around 11000 square meters and consists of a factory, office space, 

warehouse and a lumberyard/stockpile. Figure 8 shows the placement of the different areas that the site 

consists of.  

 

Figure 8 Different areas of the factory at Öjebyn              
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The office and the factory are connected, which means that the employees working in the office can 

visit the production floor and vice versa. The office contains a changing room and a kitchen/dining room 

at the ground floor, the kitchen/dining room is used by both the people working in the production and 

the people working in the office. The bottom floor also contains an office with room for around 4 people. 

The second floor of the office consists of an open office space and 4 enclosed rooms with 2 rooms at 

each end of the open space. The second-floor houses some of the production planners and the 

management, but most of the employees working on this floor belongs to the sales team.  

The open space to the right of the office (according to figure 8) is used as a parking lot for the employees 

and the size of it is around 470 square meters. The building housing the production and the office makes 

up a total of around 1600 square meters were the office takes up around 150 square meters of that total 

amount.  

The warehouse located south of the factory (according to figure 8) is used by Lundqvist to store loose 

timber and the components that are collected according to the picklist that is created for each customer. 

The size of the warehouse is around 1000 square meters. The lumberyard/stockpile located south of the 

warehouse is instead used to store most of the raw material that is used during the production.  

The lumberyard/stockpile is also used by Lundqvist to store the finished building kits, since the finished 

blocks are wrapped in plastic and can therefore withstand the outside weather. However, they have 

protective roof over some parts of the stockpile that they use to ensure that the stored raw material is 

protected. The finished building kits are sent to the customer as soon as possible, the protective plastic 

is thus enough to protect them during the time that they are stored in the lumberyard/stockpile.   

5.3 Overview of the Production 
The following section gives an overview of the production system at the current factory and the different 

processes that it consists of.  

 

Figure 9 The production at Öjebyn 

Figure 9 above gives an overview of the different production processes and how they are connected. 

The customer order point for the small blocks is after the raw material inventory, which means that they 

buy material to fill up the inventory for this process regardless if they have a customer or not. The reason 

behind this is that the small blocks have a smaller variety when it comes to the dimensions, the customer 

can therefore only choose between a set amount of sizes. As a result of that they already know what 

dimensions the raw material needs, which means that they can fill up the inventory before a customer 

order has arrived.   
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After a customer have order a building, the material that is needed is sent from the raw material storage 

to the cutting machine, which cuts the material depending on the ordered size of the house. The material 

is then delivered to the small block stations to be nailed together to form blocks, the cutting station also 

creates the small extra details that are sent together with the building blocks, for instance the corner 

boards that the customer must install themselves. These extra components are transported to the material 

inventory before they are collected according to the picklist for each order. When the small blocks are 

finished, the workers wrap the products in plastic, which are then transported to the finished product 

inventory in the stockpile/lumberyard.   

The cutting station has a side flow for the small blocks that is used during the winter. The reason behind 

this is that Lundqvist have more customers during the summer and less during the winter. When the low 

sales season arrive, they therefore start manufacturing to inventory for the material used during the 

production of small blocks. The reason behind why they can do this for the small but not the large blocks, 

is because the small blocks only have a set number of dimensions that the customer can choose from. 

To facilitate the production during the summer, they therefore produce these parts so that they have a 

filled inventory when the summer and high season arrives. The amount of inventory they need for the 

summer is based on sale statistics from earlier years and the most recent high season.   

The production flow for the large blocks resembles the flow for the small blocks, with the difference 

that the customer order point is before the raw material inventory for the large blocks. This is because 

the large blocks have a higher variety of dimensions that the customer can choose from, as a result of 

this they cannot buy the material needed before they receive an order.  But when they receive an order 

for a building kit consisting of large blocks, and the material is available at the factory. The material is 

first stored in the stockpile/lumberyard before the production system is ready to start creating the order. 

Since a queue is usually formed in the production system, the orders are worked on according to the 

date they were ordered.  

When an order is ready for production, the needed material is moved by a wheel loader from the raw 

material inventory (stockpile/lumberyard) to the closest port. The workers manning the cutting machines 

then starts to move the material inside the factory with the help of trucks. The racks/shelfs used for 

storage outside the ports is shown in figure 10. 

When all the needed material has been moved inside, the cutting process is started, and the material is 

cut according to the dimensions the customer has chosen for the building. After the process is finished, 

the planks are moved to the workstation that needs them. If the material is not immediately needed, it is 

placed in one of the 12 different material inventories in the factory.  

 

Figure 10 Storage racks outside of a port 

As earlier mentioned Lundqvist have outsourced the production of roof trusses and gable ends. They 

therefore send order information to the supplier (Arvidssons Takstolar), which create these components 

according to the blueprints and then transports the finished roof trusses and gable ends to Lundqvist. 
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5.4 Production Layout 
The current layout at the factory in Öjebyn is described in the following section of the thesis, the layout 

can be viewed in figure 11. 

 

Figure 11 Layout with numbers and colors for each part of the production 

Figure 11 is viewed with the warehouse and lumberyard/stockpile to the north of the building and with 

the office to the left of it. The building has six ports on the north side of it that is used to transport 

material in and out of the factory, there are also two doors on the left side that leads to the ground floor 

of the office where the shared kitchen/dining room is located. The following figure 12 contains a legend 

that explains what each number viewed in figure 11 represents. 

 

Figure 12 Legend for the different numbers 
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The factory currently contains 12 areas that are used for storing material during the production process, 

these inventories consists of racks, pallets and shelves, but the material is also stored directly on the 

floor at these areas (the purple areas on figure 11). Each workstation has a dedicated inventory intended 

for that specific station, but most of the inventories are currently being used randomly depending on the 

type of building kit that is under production. 

The workstation called “Orange” is used when making the large blocks, this workstation contains two 

worktables where the large blocks are assembled from wooden planks. The worktables are used 

simultaneously, which means that only one large block can be worked on at any given time.  

At the start of a project the worker is delivered a blueprint from the office showing the different parts 

that the building kit needs, the worker then use this information to request material with the right 

dimensions from the employees manning the larger cutting machines (either the yellow or the dark blue 

station), the material is then delivered when the machines have finished cutting them to the correct 

dimensions. 

The workers at the large block station also attaches components in the form of panels and insulation to 

the blocks. If the customer has requested windows and doors for their house, the workers also installs 

these at the same station. The worktables that they use at this station are called “Butterfly Tables”, since 

they have a function installed which make them able to turn the wooden blocks on the side, if the workers 

for example needs easier access during the production process. After the workers are finished with a 

large block, the last thing they do in the production process is to wrap the blocks in plastic. The 

worktables at the large block station can be viewed in figure 13. 

 

Figure 13 Butterfly tables at the large block station                                              

The workstation called “Green” is one of the two stations (the other one being the workstation called 

“Red”) used for making the small blocks, it consists of two tables used for nailing the wooden planks to 

create the small blocks. The tables are usually manned by one worker per table and the worker usually 

focus on one building kit order at the time. The process for gathering the correct material from the 

cutting station is the same as for the large blocks, with the difference that the material needed for the 

small blocks is mostly cut at the workstation called “Blue”.  

After the material has been cut to the correct dimensions and delivered to the small block station, the 

worker then starts assembling the blocks according to the blueprint. If the customer has ordered windows 

and doors for their house, the blocks that will contain openings for these are created last by the worker. 

The last step that the worker does during the production process is the same as for the large blocks, 

wrapping the finished blocks in plastic. To be able to move the blocks when they are finished the workers 

use a “foot lift” to allow easier transportation of the blocks over to a stock pallet. The finished blocks 

are small enough so that they can stay on the pallet until the worker is done with the whole order. When 

all the blocks are finished and moved to the stock pallet, the worker use a truck to move the finished 
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building kit to the outside of the factory where it is collected by the workers manning the wheel loaders, 

who in turn transports the kit to the stockpile/lumberyard.  

The “Brown” workstation contains a larger electric saw that is used by the workers when the material 

used at the small block stations needs adjustment. The material that usually needs to be cut at this station 

are the ones that are needed for the blocks that will contain openings for doors and windows. These wall 

blocks often need wooden studs with special dimensions for the openings, the ordinary wooden studs 

that are used in the production is thus cut at the “Brown” workstation to specific dimensions, which 

depends on the size of the windows and doors that the customer has ordered.  

The workstation with the name “Blue” contains a cutting machine that is used to cut the raw material 

needed to produce the small blocks, this workstation can be viewed in figure 14. Workstation “Red” 

contains two ordinary nailing tables and one with an overhead lift. The work process at this station is 

the same as the other small block station (the one called “Green”), but this station is mostly used as a 

backup station, depending on the amount of orders.  

Workstation “Yellow” and “Dark Blue” contains a splitting machine and a computerized cutting 

machine respectively. These stations are used to cut the raw material that is needed to produce the large 

blocks. The “Dark Blue” station is primarily used to cut the material, because it is more advanced and 

does not need as much input from the worker as the non-computerized splitting machine at the “Yellow” 

workstation. The computerized cutting machine can be viewed in figure 15. 

The workstation called “Yellow” is instead used as a backup station depending on the amount of 

customer orders. The older splitting machine at this station is however more adjustable when it comes 

to the angles it can cut, they therefore use this station when they need to cut with special cutting angles, 

for example a 45-degree angle.  

At the start of a house project the workers at the “Blue”, “Yellow” and “Dark Blue” stations receives a 

list with the dimensions of the material that are needed by the later stations in the production, the raw 

material is then delivered by a wheel loader to the port closest to them and then moved inside the factory 

by trucks, but usually the raw material is already in one of the inventories in the factory and is instead 

collected from them.   

 

Figure 14 Cutting machine used for small blocks             Figure 15 Computerized cutting machine 

The light blue squares with the number 9 in figure 11 are electric saws that are used by the workers 

when they need to adjust small details on the material. The one closest to the office (the leftmost) is 

bigger than the other ones and is fixed to that specific location. The purpose of the fixed saw is to cut 

the insulation that they use during the manufacturing of the large blocks, but also the insulation that is 

sent together with the building kits consisting of small blocks. The other electric saws spread around the 

factory are portable and can easily be moved around and stationed wherever they are the most needed, 

but the downside is that they are only able to support smaller details.  

The squares with the number 10 in figure 11 are workbenches of different sizes that are used by the 

workers, when they for instance need to repair smaller details or tools. The workbenches also support 
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the storage of tools used during the production, the workers therefore collect the tools that they need 

from these workbenches. The light green square with the number 11 is the area where the two trucks 

used in the production are parked when they are not being used, it also contains two charging stations 

for the trucks. The area with the number 12 is the boiler room, but it is not being used. Instead they use 

it as storage for replacement parts for the different machines. This area also contains a toilet, which is 

accessed by using the rightmost door (closest to the truck parking area).  

Outside of the boiler room (the dark green square with the number 13 in figure 11) is an area that contains 

plastic containers that are used when disposing different types of production waste, to the left of it is an 

information board (the pink square with the number 14 in the same figure). The board contains 

information on workers stationed at each workstation and it also gives information on employees who 

are absent due to sickness or vacation. Below the information board there are boxes for each of the 

workers where they can collect different documents, for example blueprints delivered to them from the 

office. There is also a computer here that can be used to receive information regarding the current house 

projects and the work that needs to be done each day and week. The containers and information board 

are shown in the following figure 16. 

 

Figure 16 Plastic containers and information board                 Figure 17 Container for sawed bits of material.                                      

The last square with the number 15 in figure 11 represents the area where an electric saw is stationed. 

The saw is used during the production if material needs to be adjusted, the difference between this 

electric saw and the others, is that this saw has a roller belt that allows the sawed bits of wooden material 

to be directly disposed into a container. This can be viewed in figure 17.  
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5.5 Production Flow  
The following section describes the current production flow and material handling at Lundqvist. The 

section gives an in-depth description of how the products and material travels around the factory. The 

following figure 18 shows the current layout together with the production flow.  

 

Figure 18 Production flow at the current factory 

The small and large blocks share the same flow, the material is transported to the rightmost port, where 

the workers at the “Yellow”, “Blue” and “Dark blue” stations collect them and begins the cutting 

process. The material then travels to the left and is transported to the different stations according to if 

they are going to be small or large blocks. The material that is not directly required is in the meantime 

stored at one of the designated inventory areas (the purple boxes with the number 1 in figure 18) and are 

instead collected by the workers when they are needed in the production. 

The material used for the large blocks travels to the “Orange” station (number 2) and the material needed 

for the small blocks is moved to the “Green” (number 3) and the “Red” station (number 6), but the 

material is sometimes moved to one of the smaller stations if the workers needs to adjust any details, for 

example the stations with the number 4 or 15. But to give an overview of the production flow the material 

usually enters the rightmost port and travels to the left in the factory and is then transported out of the 

leftmost port. They sometimes use the other ports, but it is mostly the rightmost and leftmost that are 

used when transporting the material and products.  

The wooden production waste that is created as a byproduct during the production process are stored in 

carts in the factory and when they become full, they are moved to the outside stockpile/lumberyard. The 

wooden waste is then collected from these carts and put in cloth bags. These bags are then sold as 

firewood to customers, the wood that they for some reason cannot sell as firewood is dumped in a 

container in the stockpile/lumberyard. Waste that is not made of wood is disposed in the plastic 

containers (the dark green area with the number 13) that they have outside of the boiler room (number 

12). 

Almost all the available area of the outside stockpile/lumberyard is fully used to store raw material and 

finished building kits, except for some space that is cleared so that the wheel loaders can drive around 

the yard to store and collect material. The two employees that work with driving the wheel loaders have 

their own way of storing the different material, they have for example a designated place for storing roof 

trusses and another place for finished blocks. This can be viewed in figure 19 and 20. 

These designated areas have been decided by the drivers of the wheel loaders, both therefore knows 

where they need to place the different material. When an order is finished by the production team, the 

drivers starts collecting the finished building blocks from the factory and the different products that are 

stored in the stockpile/lumberyard, for example roof trusses. The finished products are then placed as 
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close to the road as possible, where a truck comes to pick them up. The average time that it takes to fill 

the truck is around one hour according to the drivers of the wheel loaders, the step that takes the longest 

time is the gathering of all the different parts that are sent together with the building kit.  

 

          Figure 19 Part of the outside stockpile                         Figure 20 Area used for storage of the roof trusses 

The employees driving the wheel loader have access to the internal material ordering system, when an 

order is placed, they receive a note showing the type of material that is needed in the production. The 

average time it takes to transport all the needed material is approximately 30 minutes according to the 

drivers, but when it is high season this takes longer. The reason behind this is that the 

stockpile/lumberyard becomes overfilled with material and finished products, which makes it difficult 

to maneuver the wheel loaders and store the material in an orderly fashion.  

The warehouse that is located between the factory and the stockpile/lumberyard is used by Lundqvist to 

store the parts that are collected according to the “picklist” for each order. The parts that are stored in 

the warehouse are for example windows, doors, plasterboards, screws and concrete plugs. The 

warehouse consists of racks and shelves for storing the material and they also have two small cutting 

machines, that they use for adjusting the material if needed. The inside of the warehouse together with 

storage shelves are shown in figure 21. 

 

Figure 21 The inside of the warehouse                  

Both the warehouse and the stockpile/lumberyard lack any data showing the capacity of them according 

to Lundqvist. But since most of the area of the warehouse and yard is used, the aerial picture showing 

the size of the different areas at the site gives an estimate of the space needed for the storage of the 

different materials.  



 

34 
 

5.6 Production Capacity 
The production capacity according to the management is currently between 400 to 500 houses per year, 

but this depends on the type of house the customer wants. The production of a building kit for a big 

house naturally takes longer to produce than a smaller, this greatly affects the production capacity. The 

number of customers during an ordinary month approximately varies between 13 to 23, but this amount 

is higher during the summer and lower during the winter, the number of orders is therefore what decides 

the pace for the production. According to data given by the management, the time it takes for an order 

consisting of small blocks to be produced and transported to a customer is between 20 to 45 days. 

However, a building kit consisting of large blocks takes longer and the average time is therefore between 

20 to 120 days, depending on the type and dimension that has been ordered.  

The theoretical production capability of the current factory according to data given by Lundqvist is 

higher than what they currently use. According to time studies supplied by the management it takes 

around 30 minutes for one worktable to produce one small block, this number includes both the actual 

production time and the set times. This means that during a workday consisting of 8 hours, one worktable 

can produce 16 small blocks, which means that with 5 worktables they can produce 80 blocks per day.  

This in turn means that during an ordinary week they can produce 13 building kits consisting of small 

blocks. One building kit with small blocks consist of approximately 30 blocks. This therefore means 

that in theory the maximum production capacity is around 700 building kits/houses of small blocks per 

year, if all the 52 weeks of a year is taken into consideration.  

According to the same data given by Lundqvist they can create 5 large blocks a week with their current 

workstation consisting of two butterfly tables. An ordinary order for a building kit with large block 

contains 15 blocks, this means that it takes three weeks to produce the large blocks required for one 

order. This in turn means that the theoretical production capacity for building kits consisting of large 

blocks is around 17 building kits per year, with 52 weeks of a year taken into consideration. This is less 

than the theoretical capacity for the small blocks, but the amount of orders for building kits with large 

block that they receive is less than the capacity, it is therefore not currently a problem.  

The theoretical production capacity does not consider the transportation time of materials, it also 

requires that the logistics around the production constantly delivers material to the workstations without 

production stops, but also that the right material is available in the inventories. Since this is not the case, 

the real production capacity is therefore closer to what the management estimates, between 400 to 500 

houses per year.  

5.7 Work Organization  
The company consists of a total of 29 full-time employees, of which 10 works in the production, 2 work 

with driving the wheel loaders and 17 work at the office. The employees at the office work with 

production coordination and economy, but they also have a sales team. Lundqvist offer internal truck 

training for those that starts working in the production team, all the employees are therefore able to drive 

the trucks that they use for transporting material inside the factory.  

The employees working in the production system usually have a set workstation where they always 

work, but sometimes they move around amongst the workstations depending on the type of work that 

needs to be done and the production demand. When the workers at a workstation feels that they need 

extra help with an order, they go to the office to speak with the supervisors in charge of the production. 

The supervisor then decides the best course of action and if they need to move around any workers, to 

minimize the risk of falling behind with the production.  

In order to be able to keep the employees during the low season and to smooth out the production peak 

during the summer, they produce against stock throughout the winter. In the summer when production 

peak is at its highest, they employ season workers that help the ordinary employees handle the higher 

production rate.  

The organization theory/philosophy that Lundqvist use is based on the production theory LEAN, but 

they do not adhere to all principles of LEAN, they instead use the parts that they believe fit their 
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production vision and goals. The most important aspect of LEAN according to the management at 

Lundqvist is the idea of continuous improvements. They believe that it is important to always strive for 

improvements in all the parts of the organization, because it ensures that they can thrive and develop as 

a company.   

In addition to constant improvements, they also believe that another important principle of LEAN is the 

idea of having good structure in the production. They currently try to apply this to the different 

workstations and workbenches that exist throughout the production system. The management also 

believes that the tools used in the production should be stored in an orderly fashion at the workbenches. 

They therefore use painted silhouettes at the workbenches to make sure that the employees can see where 

the tools should be placed after they are finished with them. One of the workbenches together with the 

silhouettes for the tools are shown in figure 22. 

 

Figure 22 One of the workbenches used by the production employees              

Another principle of LEAN that they follow is the idea of minimizing waste when it comes to both 

material and time. They apply this by ensuring that all the employees have knowledge about the work 

that needs to be done each period, thereby guaranteeing that the production time is used as effectively 

as possible. To help with this they use an internal production planning program, which gives the 

employees information on all the orders they currently have in the system and the different production 

deadlines. They also try to ensure that they always have the needed material in stock, thus minimizing 

the risk of employees having to wait for the right material to be delivered to the factory. 

When it comes to the material for the large blocks, Lundqvist try to stay as far ahead as possible with 

the planning, the goal is that they should be able to start ordering the material as soon as they receive an 

order from a customer. To minimize production waste, the workers try to create as many planks as 

possible from the material during the cutting process, the management also makes sure to educate the 

production employees on what they can do to minimize production waste.  

The management at Lundqvist believes that the sharing of information between the employees is 

important to ensure a good production, but also a good working environment for the workers. The 

employees in the factory therefore have a production list available that shows all the information 

regarding the production, for example how many customers they have and what types of houses the 

customers have ordered, the specifications of the orders and the deadlines of each order. Each 

workstation also has a worker that acts as a “station manager” that keeps an extra eye on the work that 

needs to be done each day, week and period.  

The sharing of information throughout the company gives the employees a greater responsibility to plan 

their workdays based on the information they have available, this allows them to for example use 

flextime when the production demand allows it. The basis behind the information sharing across the 
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company is a computer program that they have created in-house at Lundqvist. This program is used to 

give the employees and the managers an overview of all the customers they have and all their orders, 

but also to give information on what needs to be produced each week.  

The program assigns “production points” to each order depending on a couple of variables, for example 

the amount of square meter of wall that needs to be nailed, the changeover time and the number of 

windows and doors the customer has ordered. For each order that is made, “production points” is 

automatically calculated according to these variables, the total number of points shows an estimate of 

how much time it would take to produce that specific order.  

The standard amount of “production points” that the current production system can handle is 1600 per 

week. The current production rate is as earlier mentioned between 400 to 500 orders per year, which 

mean that the amount of finished orders each week is around 7 to 9. The information on orders that is 

stored in this program is available to all the employees working in the factory, they can therefore use 

this knowledge to plan their days according to production demand for each week and period. All the 

employees working in the production starts each week with a meeting together with the management at 

Lundqvist, these meetings serve the purpose of informing the employees about the different aspects of 

the production and the company. For instance, incoming customer orders and material status. 

5.8 Work Environment  
In the factory there are some loud noises when the material is cut or adjusted by the machines and 

electric saws. There are also some loud noises when the planks are nailed to form the different building 

blocks. But to combat these problems, the workers use earmuffs to cancel the loud noises. The walls 

between the factory and the office are made of a thick material, almost no sound therefore travels through 

unless someone opens the doors connecting the two parts of the building, which helps with reducing the 

noise level even further.  

According to the management and the production employees they have some problems with the 

temperature both in the office and in the factory. There is an inertia in the ventilation system that makes 

it slow to respond to quick temperature changes, for example during the spring or the autumn. The 

factory therefore becomes cold during the winter and warm during the summer, the poor ventilation also 

affects the air quality.  

Most of the production employees feel that the stress level is currently too high, mostly because of the 

special orders that have been accepted. Which requires dimensions that the current production system 

is not adapted for, resulting in that it takes longer to produce the different blocks. The tables used for 

nailing the small blocks are for example too small for the special dimensions, which makes it difficult 

to work. Some of the production employees also feel that the lightning inside of the factory is too dark 

which makes it hard to work. They also think that the lightning outside is lacking, which makes it dark 

during the winter and creates a higher risk for accidents.  

5.9 Identified Problems 
This section of the thesis presents the problems at the current factory that have been identified during 

the current state phase of the project. The problems have been formulated based on the data collected 

from the visits, but also from the information that have been gathered from methods, for instance the 

documentation reviews and interviews. 

5.9.1 Information Sharing 
There are currently some problems with the flow of information throughout the company, when an order 

has been finished the production employees sometimes does not know what the next step is. The reason 

behind this is that when a worker has finished working on an order, they follow the production list 

containing orders, but sometimes they do not know which one they should pick or if someone else 

already have started working on a specific order. The current material handling also makes it hard to 

know where all the needed material is stored. This slows done the production which can be a major 

disadvantage particularly when it is high season.  
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There is also some problem with the sales team sometimes promising more to the customer than the 

production system is able to handle, they can for example promise the customer that the order will be 

finished at a specific date, without checking with the production team if they are able to produce it for 

that date. The major reason behind this is that they are following the calculated production points, which 

sometimes does not correlate with the reality of the production system. They also lack knowledge on 

what is easy or hard to produce, which results in that they sometimes agree to take on orders which turns 

out to be hard to create. 

Another problem with the information flow is the high amount of special orders. The sales team has 

agreed to take on orders that they normally would not do. The reason behind this is that they want to 

attract as many customers as possible, but since their current production system is not adapted for orders 

with sizes outside of the established dimension range, it creates problems for the production employees. 

This has consequently resulted in longer production time, which have been especially problematic since 

the high season for sales during the summer also have increased the amount of normal orders, this have 

therefore resulted in that they have not been able to deliver some of the building kits in time.  

5.9.2 Inventory Capacity  
There is a shortage of inventory capacity in all the different areas of the factory, the size of the current 

factory is too small for the increasing demand for building kits. This has caused the existing inventories 

to be overflowed, which in turn has led to material being stored all over the factory. The lack of sufficient 

space in the yard have also had the effect that Lundqvist has been forced to stop the purchase of more 

wheel loaders, since they are afraid that more wheel loaders in the yard will make the risk for crashes 

and accidents far too great.  

The storage of material all over the stockpile/lumberyard has made it difficult for the employees driving 

the wheel loaders to navigate the yard and collect material, they are currently afraid of crashing into 

things or that the wheel loaders will collide with each other, they therefore take it slower when driving. 

Which have led to longer delivery times for the materials to be transported from the yard to the factory 

and vice versa. 

5.9.3 Material Handling  
The problem with the shortage of inventory space has a negative effect on the material handling, but the 

material handling also affects the inventory capacity negatively. The shortage of enough inventory 

capacity has resulted in material being stored all over the site, which have made it difficult for the 

employees to keep track on where a specific material is stored,  it therefore takes longer than usually to 

find the right material or to find a place to store it.   

The current storing of material have also made it much harder to collect material since things can be 

placed in the way of it, a worker can for example discover that the material needed is stored behind a 

pile of planks, which means that to get to the material the worker first have to move the planks that are 

in the way. The lack of storing and material handling both affect the production negatively, since the 

lack of space has resulted in that the material is stored all over the place, but they also lack markings on 

where different types of material are supposed to be stored. The workers therefore lack knowledge on 

where they are supposed to store a specific type of material, which together with the lack of inventory 

capacity makes it difficult to handle and store the material in an effective way.  

The lack of markings for where specific material is supposed to be stored, also makes it problematic for 

the employees working with logistics and production planning to know how much raw material they 

have in their inventories. According to interviews with the employees working with production planning 

and logistics, they can sometimes believe that they have a specific material in the inventories, but in 

reality they are out of stock, which greatly slows down the production rate once the production workers 

finds out that the needed material is unavailable.  

5.9.4 Current Building 
According to interviews the current factory building have a couple of problems that negatively affect 

both the production and the working environment. The ports that are used to transport material to and 

from the factory are too small, which makes it difficult and time consuming to transport some of the 
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larger material used in the production. The ventilation system of the building is slow to react to 

temperature changes which have resulted in either to hot or too cold temperatures depending on the 

season. The ports also let in cold air when they are used during the winter, which makes it even more 

difficult for the ventilation system to handle the temperature.   

The workers also complain of poor air quality and that the lighting in the factory and yard is too low. 

The office of the current factory is also insufficient, since the employees sometimes must move around 

depending on the amount of people in the office. The higher demand for building kits have resulted in 

that they have hired more people and since the parking lot is too small for their current need, they usually 

must park on the side of the road because of the lack of parking spots. The area used by the delivery 

trucks and the wheel loaders that collects the finished building kits is also insufficient, which makes it 

difficult and time consuming for the employees working with material handling to load and unload the 

trucks.  

5.9.5 Work Organization  
Each worker currently stays at the same workstation, but they sometimes move around to fill up other 

stations if the need arises. The stationary aspect of the work has led to the workers not always knowing 

how to do the specific work process when they are moved to a station that they are unfamiliar with. 

There is currently no standardized working method, each worker has his own way of doing the work. 

This causes confusion when someone new is trying to learn the work process at a specific station.  They 

however have a paper guide at the small block station that shows the work method for that specific 

process, this shows that they have started some work with trying to standardize the work process. But 

most of the stations and machines still lacks a guide showing the working method.  

They also have some problems with the storage of tools. As mentioned, they use silhouettes at the 

workbenches showing where all the tools should be stored, but the tools still end up spread around the 

factory, which creates confusion and makes it time-consuming for the workers to find the right tools.  

The lack of information and statistics on the type and amount of material in their inventories, have made 

it challenging for the employees to sometimes follow the production planning and the different deadlines 

of the customer orders. This creates confusion and makes it time consuming to paus orders which they 

lack the materials for and instead start working on another one, while they wait for the material to be 

delivered from their suppliers. There are also some problems with drawings/blueprints for the blocks 

not being standardized, each employee working with creating these therefore has their own way of 

drawing. Which can make it difficult for the production workers to sometimes understand the drawings.  

5.9.6 Production Flow 
The current production system has in theory a straight production flow, but there are some problems in 

practice which affect the production capacity negatively. The fact that the small block station is divided 

into two stations creates an ineffective flow, since instead of the material only going to the small block 

station and the large block station. In practice this means that there are three different stations that require 

material deliveries.  

The absence of dedicated areas with markings for specific material and the lack of enough space to store 

it, have resulted in a confusing storage system where the employees place the raw material wherever 

there is space to put it. The fact that material is stored all over the factory have also made it harder to 

navigate the production area with the trucks that they use to move the material.  

In theory each workstation is supposed to have a dedicated area where the raw material for that specific 

station is stored, but in practice all the inventories in the factory is shared between the different stations. 

This have resulted in a production flow that crosses itself several times during the production process, 

since the workers must search all over the factory for the right material before they can start working on 

an order.  

5.9.7 Production Flexibility  
The fact that the sales team have started to accept orders with dimensions outside of the normal range 

of sizes, have created problems in the production. This has therefore created a need for better production 
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flexibility. If special orders are attracting customers that they normally would have to turn away, and 

the management feel that special orders are something that they want to continue with in the future. The 

new factory at Haraholmen should be adapted to accommodate these orders, which in turn means that 

the different workstation should be modified to make the production of dimensions outside of the normal 

size range easier.  

5.9.8 Possible Problems with the Proposed Layout for the New Factory 
The planned building will divide the plot into two parts, with a main road in front of the building where 

the parking lot is and a gravel road at the back of the building.  This means that the wheel loaders will 

have to go along the gravel road on the short side of the building or out on the main road. Which can 

cause congestions if more than one wheel loader needs to travel to the other side of the factory site.  

The site at Haraholmen will as mentioned have a road placed in front of one of the long sides, but also 

along each short side. This means that future expansions of the factory will be locked to only one 

direction, since the road will occupy three out of the four sides of the factory site. The surrounding land 

currently consists of unused land, the placement of the roads will therefore minimize the possibility of 

freely expanding the factory, which can become a problem in the future. 
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6. Future State  
This section contains a description of the plans and expectations that Lundqvist have for their new 

factory at Haraholmen, when it comes to the different aspects of the production system but also the work 

organization. 

6.1 The Site at Haraholmen 
Lundqvist is scheduled to move to their new factory in the middle of the autumn this year (2019). The 

new factory will be situated at Haraholmen, which is a peninsula located southeast of Piteå city. Most 

of Haraholmen is currently undeveloped land, which means that there is room for development. Piteå 

Harbour is also located at Haraholmen, this will therefore open the possibilities for Lundqvist to 

transport their building kits by boat. There are also train tracks in the area that connects the train station 

located in central Piteå with the harbor at Haraholmen, which means that if Lundqvist want to expand 

their exports in the future, they could do so with the help of trains. The location of the current and new 

factory can be viewed in figure 23. 

 

Figure 23 The yellow circle is the location of the current factory at Öjebyn, the red square shows the location of the new 
factory at Haraholmen, while the green diamond shows the location of Piteå Harbour. 

The dimensions of the new factory site are planned to be roughly 107 meters wide and 198 meters long. 

This means that the total area of the new site will be approximately 21186 square meters, while the 

current factory site at Öjebyn is around 11000 square meters. The new site will thus be almost double 

the size of the current factory and since most of the surrounding area is undeveloped land (except the 

railroad that is located southwest of it), there is therefore lot of opportunities to expand if the need arises. 

The location of the new factory is shown in figure 24. 
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Figure 24 The approximate size and location of the new factory site at Haraholmen (represented by the red square)                 

The new factory building is planned to house both the office and the production. According to the 

blueprints for the new building the long sides of it is 80 meters while the short sides is planned to be 38 

meters. The office is planned to take up around 10 meters of the total width while the long sides is the 

same as the whole building, unlike their current office the new one will only have one floor. The planned 

parking lot will be approximately 38 meters long and 20 meters wide  

The total area of the new factory building will be approximately 3040 square meters and the office will 

take up around 380 square meters of that total area. If the total area of the building is subtracted from 

the plot size of 21186 square meters, a total of 18146 square meters is left over, this area will be used to 

store material, but also for wheel loader paths. A road will be placed in front of the planned parking lot 

and on each short side of the site. The following figure 25 shows how Lundqvist is planning to use the 

building and the surrounding area at the new site.  
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Figure 25 The planned layout for the new factory at Haraholmen 

6.2 Production System and Capacity 
Lundqvist hope that the new factory and the larger site will help make the logistics and material handling 

better, because the lack of enough space at the current factory and the lack of a structured material 

handling system is slowing down the production. They also hope that the new site will make it easier 

for them to grow as a company, with regards to factors like expansion possibilities. 

They want the storage of raw material to be more logical and thereby minimize the time employees must 

spend searching for the right material, the handling of production waste is also something they hope will 

become better at the new factory. Lundqvist anticipates that the new factory building will make it easier 

for them to create a straight and more efficient production flow. 

In conjunction with the move to Haraholmen, the number of worktables for the small blocks will be 

increased, from 5 to 8 worktables. Lundqvist believes that this increase together with better logistics 

will double their production capabilities. This would mean that the theoretical maximum production 

capacity would increase from 700 to around 1400 building kits per year, but the real production capacity 

would still be lower. The management estimate that the new factory will be able to produce between 

800-1000 building kits per year, which is closer to the real production capacity since this number takes 

consideration to the logistics around the production. The large block station will according to the 

management still have two tables at the new factory, since they estimate that the current capacity for 

large blocks will be enough for the foreseeable future. 

Lundqvist have plans to smoothen the production season in the future, which would result in that they 

would not have to produce as much to stock during the winter, it would also mean that they would be 

able to better utilize the increased production capacity of the new factory. They plan to smooth the 

production season by the help of more “professional” customers. With “professional” customers they 

refer to companies that work with constructing houses for citizens and housing corporations. Lundqvist 
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believes that the reason why they have such big demand during the summer is because private customers 

usually are more eager to build houses during the warmer seasons, instead of during autumn and winter 

when the cold and snow makes it difficult to work outside. 

According to statistics most of the people working in Sweden use their vacation days during the summer 

(Visma, 2017). This could also influence the reason to why Lundqvist have their highest production 

demand during the summer. “Professional” customers on the other hand work all year with building 

houses, they could therefore be potential customers for Lundqvist during the winter and autumn months.   

Lundqvist are planning to keep outsourcing the production of roof trusses and gable ends, but if it in the 

future becomes too expensive, they might start producing these parts themselves again. Lundqvist have 

no present plans to start outsourcing any other parts of the production, but if the need arose the most 

likely part that they would start outsourcing, would be the extra wooden components that they send 

together with the building kits, for example the corner boards.   

According to the management the computerized cutting machine that currently is their main cutter for 

the material needed to produce large blocks, will in conjunction with the move receive a new system 

that will make the loading and unloading of the raw material automatic. This will reduce both the time 

it takes to cut the material and the manual work that the employees must do at this station.  

6.3 Work Organization 
When it comes to the future plans for improving the organization and continue the work with LEAN, 

they are currently in the process of developing a new computer program that will make the sharing of 

information within the company simpler, the new program will have an interface that will make it easier 

for the employees to have an overview of the different production orders and their deadlines.  

Lundqvist also hope that the production system at the new factory will make it easier for them to work 

with the “just in time” aspect of LEAN. They also want to increase the awareness of the importance of 

structure when it comes to the storing of material and tools during the production process. They believe 

that the new factory and the expansion possibilities of it will make it easier for them to work with the 

LEAN principle of “constant improvements”, when it comes to the production flow and material 

handling.  
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7. Development of Concepts 
To be able to address the identified problems with the current production system, the suggested layout 

concepts needs to fulfill a couple of requirements. These are based on the identified problems, but also 

on the vision of the future state that the management at Lundqvist has established. The major purpose 

of the requirements is to use them as a guide when developing the layout concepts, but they are also 

used in the later part of the project when evaluating the proposed concepts and choosing a final concept. 

The first part of the section is devoted to presenting and explaining the proximity chart that was made 

to highlight the wanted closeness relationships between the different processes of the production system. 

The proximity chart served as a guide when placing the machines, workstations and inventories in the 

layouts.  

The second part of the section will be dedicated to describing the requirements in detail, it will also 

contain a table showing the requirements and how they have been weighted according to level of 

fulfillment importance. The weighting of the requirements was made with the help of the management 

at Lundqvist.  

The third part of the section is dedicated to describing the requirements not necessarily connected to the 

physical layout and therefore not taken into consideration when evaluating the layouts, but nevertheless 

considered when creating the layouts and the ideas for improvements. After this the improvement ideas 

that have been created during the development of concepts phase will be presented. The last part of 

chapter 7 will be dedicated to presenting the layout concepts as well as the required amount of personnel. 

7.1 Proximity Chart  
The following figure 26 shows the desired proximity relationships between the different functions of 

the production system. The colors (green, blue and yellow) used in the proximity chart corresponds to 

different needs for proximity and the meaning of these colors are shown at the bottom of the figure.  

 

Figure 26 Proximity chart showing the wanted closeness relationships 

When it comes to the placement of the different inventories used throughout the production process, 

only the raw material inventory needs to be close to the cutting machines, since the materials require 

adjustment before they are sent further down the production line. The workstations for the blocks also 
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have a major need for proximity with the inventories used during the production, the reason behind this 

is that they need to be able to collect material from them. The finished product inventory only needs to 

be close to the workstations for the small and large blocks, since the prefabricated building kits consists 

of these blocks.  

The two main workstations used for the production of the blocks do not need to be close to each other, 

since they do not have anything in common during the production, but the cutting machines supplying 

material to them needs to be as close as possible to both, thereby ensuring that the transportation routes 

are kept short. The placement of staff areas is not important for most of the processes, since most of the 

employees working in the production are either stationed at the workstations for blocks or at the 

machines used for cutting the raw material.  

Since the trucks are used to transport material within the factory, the different production processes 

located in the factory benefits from proximity to the charging station. The workbenches/tool storage 

located in the factory are mostly used by the workstations for large and small blocks, they therefore have 

a major need for proximity.  

7.2 Requirement Details  
The following part of the chapter describes the requirements that are based on the identified problems.  

7.2.1 Inventory Capacity  
The lack of inventory space has caused problems with overflowing and longer delivery times for the 

material. The new layout must therefore be planned so that it allows higher storage capacity and decrease 

the amount of material that is stored in the way of the transport routes. The lack of capacity is also 

affecting the maximum production capacity, if Lundqvist had larger inventories and better material 

handling, they would be able to increase their production capacity. According to the information 

gathered during the current state phase, the current number of workstations could handle a production 

increase if the logistics around it would be better.  

7.2.2 Material Handling  
The shortage of inventory space has as earlier mentioned had a negative effect on the material handling, 

with the result that material is stored all over the factory and that it is difficult to keep track of the amount 

of material in stock. The new layout must because of this ensure a better and more logical material 

handling for both the raw material and the finished goods, but also for the waste that is created during 

the production process. This can be done by for example determine dedicated areas for specific material, 

which makes it easier to keep track of the amount of material in stock.  

7.2.3 Production Flow  
The current production system has some problems in practice with divided workstations and scattered 

areas for material storage, this must be addressed by the new layout. The way that this can be solved is 

for instance to have the proximity chart in mind when placing the different workstations and machines, 

but also to ensure that each workstation has access to a dedicated storage area for raw material and 

finished goods. The new layout should also try to decrease the length of the transportation routes if 

possible. 

7.2.4 Production Flexibility  
The increasing amount of special orders with dimensions outside of the ordinary size range has resulted 

in a need for production flexibility. The current production system/layout is not adapted for special 

orders, the new one will therefore have to be developed so that it can manage an increased production 

flexibility. This can be solved by for instance ensuring that the workstations have the right equipment 

necessary for a larger variety of dimensions.  

7.2.5 Expansions/Future State 
The new factory site is almost double the size of the current and the surrounding area is mostly 

undeveloped land, this opens opportunities for future expansions of the factory. This will thus have to 

be taken into consideration so that the new layout does not hamper future opportunities for growth. The 
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larger area of the new site will if used effectively, help with the material handling and inventory capacity, 

which will result in an increase of production capabilities. This will be convenient if Lundqvist succeeds 

in attracting “professional customers” and thereby smoothing their production season.  

7.3 Summary of Requirements 
The requirements that the proposed layout concept will have to fulfill is presented in the following table 

1. Each requirement also has a weight attached to them that show the level of fulfillment importance. 

The weighting is as earlier mentioned done together with the help of the management at Lundqvist. The 

weight for each requirement is a number between 1 and 5, where 5 means “high importance” and 1 

means “low importance”. The weight for each requirement will be used when evaluating the proposed 

layout concepts, the layout with the highest score at the end of the evaluation will be chosen as the final 

concept. 

Table 1 The formulated requirements and the assigned weights 

Requirement Weight 

Inventory Capacity 4 

Material Handling 5 

Production Flow 3 

Production Flexibility 2 

Future Expansions 4 

7.4 Requirements not Connected to a Specific Layout 
The following section describes the requirements that are not connected to a specific layout and therefore 

not considered when evaluating the concepts, but they will still be kept in mind during the creation of 

them. The following requirements will therefore mostly be used when evaluating the improvement ideas. 

7.4.1 Work Organization 
The problems of the current work organization will be examined and discussed in the later part of the 

thesis, but since they are not connected to the physical layout, they will not be taken into consideration 

during the evaluation of the layout concept.  

The storage of tools must be improved so that workers do not have to spend time looking for tools, 

which slows down the production rate. This can be solved by ensuring that each workstation has a 

dedicated workbench for storage of tools and by ensuring that each tool has marking for where it is 

supposed to be stored.  

7.4.2 Current Building  
The problems of the current building must be kept in mind when developing the layouts and 

improvement ideas, to decrease the risk of them reappearing at the new factory. The problems with the 

ventilation, the small ports and the insufficient space for delivery trucks, will be taken into consideration 

during the development.   

7.4.3 Possible Problems with the Proposed Layout for the New Factory 
The dividing of the factory plot is a minor problem, but if there is some way that the transportation 

routes for the wheel loaders can be made so that they minimize the risk of congestion, it will be included 

in the layout.  

7.4.4 Information Sharing 
The sharing of information will have to be improved so that the problem of for example production 

employees not having enough information about the current building orders in the system is minimized. 

The flow of information within the organization is not directly connected to the production layout, but 
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the placement of computer desks or boards used to show information can be considered during the 

development of the layouts. 

7.5 Improvement Ideas  
The following section describes the ideas for improvement that are not connected to a specific layout. 

These ideas were created during the brainstorming sessions and the workshop. They are sorted according 

to the type of process area they belong to.  

Material Handling 

• Markings for where different types of material are supposed to be stored, both inside and outside 

the factory. 

• Use color to help with the identification of material. 

• Create a digital map of the placement of inventories and the different materials. 

• Clear routines for the disposal of production waste, meeting every Friday to ensure that the 

waste gets disposed the right way. 

• Fixed places for the production waste that is easily identified. 

 

Current Building 

• Larger ports. 

• Less heavy lifting. 

• Better lighting and temperature. 

• Increase the size of truck aisles. 

• Minimize the risk of congestion by increasing the size of the wheel loader passages in the 

outside yard.  

Work Organization 

• Production meetings once a week. 

• Workstations should have clear markings for how to place the different materials when 

creating blocks. 

• Educate the sales team on what dimensions can be produced and which dimensions are 

harder to work with. 

• More standardized drawings, so that all the drawings are made the same way independent 

of who created it. Clear and easy to understand. 

• Better proactiveness when it comes to orders and the planning around it. 

• Keep better track on order trends. 

• Everyone should strive for the same goal. 

• Better planning before the summer, earlier training of summer workers. 

• Inventory list at each workstation with information about tools at that station, as well as 

marked locations for tools. 

 

Production Flexibility 

• Longer production times for special orders, so that stress is decreased. 

• Fewer special orders per week. 

• Even workload. 

• Clear training and on time. 

 

Information Sharing  

• Tablet computers at each station, so that information on orders can be easily accessed. 

• Internet telephones at each station for contact with sales, office and so on. 
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• A TV screen at each station where you can see who is building what and at which station. 

• Electronic information billboard. 

• Production list in real time. 

• Better contact between the various departments of the company. 

7.6 Concepts  
This section describes the layout concepts that were developed during the phase, the section is arranged 

so that each concept is presented in turn. Both a sketch showing the layout for the whole site and a sketch 

for the factory layout is presented.  

All the sketches contain lines and arrows that show how the material/production flow of the system will 

function. The arrows and lines used for the sketches depicting the inside of the factory have different 

colors, these colors symbolize the type of production flow. The red lines represent the production flow 

of the small blocks, while the black lines represent the production flow of the large blocks. The different 

processes and areas are represented as blocks in the sketches and the size of them have been calculated 

from the computer drawings of the current factory, but to fit the requirements of the new production 

system they have been modified to have a larger area.  

After the sketches for the layout concept have been presented, a description explaining the concept and 

the major key points of it will follow. All the sketches have been kept at an early stage of development, 

thereby allowing the possibility for further ideas and changes. This therefore means that the sketches 

lack detailed information regarding the different processes, which are as mentioned instead visualized 

as blocks of different sizes and colors. The layouts also lack details on the placement of the smaller 

functions of the production system, for instance information boards, electric saws and workbenches.  

The placement of the inventories in the outside stockpiles also lacks details and the location of them is 

mostly chosen according to the placement of the unloading/loading areas. But the placement and number 

of inventories have been calculated from the computer drawings, the amount and dimensions of them 

therefore match the planned increase of the production capacity.  

The size of the small block station has been dimensioned with regards to the larger size that the increased 

number of worktables will bring. As mentioned in chapter 6 the management plan to increase the number 

of worktables from 5 to 8 tables. All the following concepts has therefore taken this into consideration, 

thereby ensuring that the suggested layouts agree with the plans that the management have for the future. 

The size of the large block station is kept the same as at the current factory, since the management 

estimate that the capacity of the two tables will be enough for the foreseeable future, but considerations 

to the expansion possibilities of the large block station has been regarded during the creation of the 

layouts. 

All the concepts except the greenfield layout have been created with the purpose of allowing the different 

yard layouts to be interchangeable with the factory layouts, if it for example turns out that one of the 

yard layouts is better suited with another type of factory layout. The following figure 27 explains the 

meaning behind each color and number used in the sketches. Since the layout sketches use the same 

numbers and colors, it serves as a guide for all the layout concepts. 
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Figure 27 Legend for the different processes and areas in the layout concepts 

7.6.1 Layout Concept “Greenfield” 
The following layout shown in figure 28, is called a Greenfield-layout, the purpose behind it is to focus 

on creating an effective production system with regards to key factors like proximity and flow, without 

taking the dimensions of the site into consideration. The spaces between the approximate areas for the 

different workstations and machines inside the factory allows for easy transportation with trucks, while 

the spaces between the different areas outside the factory has been developed to ensure that wheel 

loaders can drive around without risk for collisions, while also ensuring easy access to the different 

inventories located in the outside stockpiles. Thereby decreasing lead times as formulated by Sulírová, 

Závodská, Rakyta & Pelantová (2017). 
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Figure 28 The Greenfield-layout Figure   Figure 29 Factory of the Greenfield-layout                                               

The raw material arrives at the top right orange box with the label 11 in figure 28 and is then stored at 

either 12 or 13 depending on material type. The material is then collected and transported to one of the 

shelves (15) outside the port, when the production system is ready to receive the raw material, the 

material is transported inside the factory with the help of trucks. After the production process is done 

the finished products are collected outside the ports at the bottom of the factory. The products are then 

stored at one of the outside inventories (14) until they are collected and sent to the customers.  

The placement of the loading/unloading areas (11) results in them sharing the same road at the right side 

of the factory site, which allows for future expansion in all directions except to the right. The placement 

of the office allows it to expand downwards into the parking lot and to the right until it reaches the road. 

The parking lot can in turn also be expanded downwards, but to do this some of the inventories and the 

parking area for the wheel loaders must be moved.  

The inside of the factory is depicted in figure 29 and the main idea behind it is to keep the production 

flow as straight as possible, which is made by for example having the small block and large block 

processes separated. The placement of the processes also allows the trucks to freely move around the 

floor without risks for collisions, which increases the efficiency of the material handling as described 

by Beamon (1999). Each of the different processes have a dedicated material inventory before and after, 

which allows for efficient material handling and it also makes it easier for the workers to know where 

different material is supposed to be stored. Since all the material is kept at a specific area according to 

level of finishing, with uncut raw material stored at the very start of the process.  

7.6.2 Layout Concept “Lookalike” 
The main idea behind the following layout shown in figure 30 is to resemble the Greenfield-layout as 

much as possible, but with consideration to the dimensions of the factory building and the site. Which 

according to Schmidt-Traub, Köster, Holtkötter & Nipper (1998) is an important factor to consider 

during the development of layouts. The factors that results in a poor production flow as described by 

Irani, Zhang, Zhou, Huang, Udai & Subramanian (2000), for instance long transportation routes and the 

material handling have all been considered during the development of the layout and the following ones. 

The factory building at Haraholmen that is currently under construction already has predetermined 

placement of support walls and rooms, but this layout and the forthcoming layouts does not take that 
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into consideration, only the size of the building. The reason behind this is to keep the creativeness of the 

layouts as open as possible.  

The placement of the loading/unloading areas is the same as for the Greenfield-layout, the site can 

therefore be expanded in all directions except to the right (where the road is).  Since the actual size of 

the site is smaller than the Greenfield one, the placement of the inventories for finished products (14 in 

figure 30) had to be rearranged, thereby ensuring that the wheel loaders can move around freely. The 

process for raw material that arrives at the unloading area in the top right corner of the sketch, is the 

same as for the Greenfield-layout.  

The capacity of the inventories in this layout and the following ones has been calculated from the 

drawings of the current factory, which was supplied by Lundqvist at the start of the project. Since no 

data existed regarding the exact capacity and the sizes of the material used in the production, the 

inventories have been estimated by measuring the size of the ones in the current factory and then 

doubling this measurement to create the inventories for the new site. 

The inventories in the upper yard are almost double the size of the same raw material inventories in the 

current factory, while the inventories in the yard at the bottom of the figure 30 are double the capacity 

of the current ones. The placement of the processes inside of the factory allows for the inventories to be 

larger than the current ones. This means that there is enough capacity for the increased production that 

the new system brings.  

 

Figure 30 The site of concept “Lookalike”                   Figure 31 Factory layout of the “Lookalike” concept 

 

The inside of the factory, shown in figure 31, is arranged so that the production flows are kept as straight 

as possible, but since the actual building is smaller than the one in the Greenfield-layout, some 

rearrangements of the different processes had to be done. The production flow of the small blocks and 

the large blocks are kept separated to avoid crossing flows. The gap between the different processes are 

smaller than for the Greenfield-layout, but they are estimated to be large enough to allow the trucks to 

move around freely. The placement of inventories is made in the same way, this means that each 

workstation/machine has a dedicated inventory before and after the process. Which decreases the time 

it takes to collect and store material, thereby decreasing the total lead time as formulated by Dobos, 

Tamás & Illés (2016). 
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7.6.3 Layout Concept “Shared” 
The idea behind the following concept (shown in figure 32) is to allow the machines and workstation to 

share the same inventories, this creates a type of functional layout where the different machines and 

workstations are grouped according to the function they serve, as formulated by Bellgran & Säfsten 

(2005). All the cutting machines used for both the small and large block are for example placed together. 

The placement of the loading and unloading areas match the planned location of roads at the new site.  

The advantage of the road placement is that the transports delivering the raw material can have the upper 

road all for themselves, while the transports collecting the finished products can utilize the road at the 

bottom of the site. This might reduce the risk of transport queues, while also helping with separating the 

heavier traffic from the road used by the employees to drive to the parking lot in front of the factory site 

(number 17 in figure 32). Because of the placement of the loading/unloading area, the location of some 

of the outside inventories had to be rearranged, but the process for collecting raw material and the storage 

of finished products is the same as for the Greenfield-layout and the “Lookalike”-layout.  

The inventories in the upper yard are fewer than in the “Lookalike”-layout, the reason behind this is the 

placement of the unloading-area, but the capacity for raw materials is still higher than it was at the 

current site. The number of inventories in the yard at the bottom of the figure 32 are the same as the one 

in the “Lookalike”-layout, but the placement is different because of the loading-area. The sharing of 

inventories inside of the factory make the total capacity less than for the other layouts, but they have 

been dimensioned the same way as the others, they are therefore larger than the ones in the current 

factory. 

 

Figure 32 Layout of concept “Shared”  Figure 33 Inside the factory of concept “Shared” 

The arrangement of the different workstations and machines (shown in figure 33) creates a production 

flow where the small block and large block stations all share the same flow. The advantage of this is 

that more of the factory floor can be utilized, since the distance between the different processes does not 

have to be as large as the earlier layouts. The disadvantage of this type of layout is that the inventories 

might get more cluttered, since material used for the small and large blocks share the same space, but 
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this can be fixed by ensuring that the inventories have clear markings for where specific material is 

supposed to be stored. This type of material storing is similar to the strategy of storing material in the 

closest inventory as described by Dobos, Tamás & Illés (2016).  

7.6.4 Layout Concept “Flowing” 
The main idea behind the following concept is to have the raw material enter the leftmost upper port 

(according to figure 34) and to then let the material “flow” to the right in the building. The workstations 

and machines are placed so that they essentially create three different areas, the idea is that each area is 

dedicated to a specific process. This creates a type of functional layout as formulated by Bellgran & 

Säfsten (2005). The loading and unloading area in the outside yard for this concept shares the same road, 

which means that the expansion capabilities are kept open for all the other sides of the factory site. 

 

Figure 34 The layout of concept “Flowing”   Figure 35 The production system of concept “Flowing” 

As mentioned, the production flow travels to the right inside of the building, the first area to the left in 

figure 35 is dedicated to the cutting machines, the inventories in this area is not shared. The second area 

in the middle of the building is assigned to the production of the large blocks while the rightmost area 

is used for the creation of small blocks. This sectioning of the different processes makes it easy to keep 

the processes divided, it also creates a work environment where it is easy to keep track of the processes 

in each area, which helps with material handling. The disadvantage of this layout is that the large block 

process gets squeezed between the inventories, which can make it harder to expand it. But this 

disadvantage is mitigated by the fact that it is still possible to expand upwards or downwards.  

The inventories in the upper yard are fewer, but bigger than the previous layouts. The capacity is 

therefore larger than at the Öjebyn factory, but not as large as the raw material inventories in the other 

layouts. The number of inventories in the yard at the bottom of figure 34 are the same as for the previous 

layouts, but the placement is different because of the placement of the loading-area and the parking area 

for the wheel loaders. The placement of the machines and workstations resulted in bigger inventories in 

this layout compared to the previous one. This gives a capacity that is estimated to be over double the 

size of the current capacity. 
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7.6.5 Layout Concept “Separated” 
The location of the loading and unloading areas is the same as for concept 4, but the placement of the 

outside inventories (14 in figure 36) is changed. The largest difference is that the shelves are shorter so 

that the middle way is kept open to make it easier to navigate with the wheel loaders. To compensate 

for the shorter shelves, more of them have been placed in the yard. The inside of the factory in this 

concept shares some similarities with concept 4, but the biggest difference is that the cutting machines 

are placed in the middle area of the building. This creates a shared production flow for the raw material, 

which then splits after the cutting process and becomes “separated”. 

 
Figure 36 The site of concept “Separated”       Figure 37 Inside the factory of concept “Separated”

   

Figure 37 shows the inside of the building, the production flow is as mentioned separated after the 

cutting process. This means that the flow for the small blocks continues to the right, while the flow for 

the large blocks travels to the left. The major advantages of this is that the crossing of the production 

flows is kept to a minimum, another benefit is that the cutting machines can support each other since 

they are in the same area. Thereby increasing the ability of the system to handle higher demands and as 

a result of that improving the production flow, as mentioned by Irani, Zhang, Zhou, Huang, Udai & 

Subramanian (2000). 

The biggest disadvantage is that the expansion possibilities for the middle area of the building is reduced 

to downwards or upwards. The fact that the large block production is placed in an area that is much 

larger than needed for that specific process might seem like a drawback, but this means that Lundqvist 

are able to expand the large block process, without having to expand the building. The inventories in the 

upper yard are the same as for the “Flowing”-layout, but the location of them have been changed. The 

biggest difference when it comes to inventory capacity is that this layout has smaller but more 

inventories in the bottom yard. The smaller size of the shelfs allows for more to be placed which helps 

with keeping the different types of material separated, the increased amount of inventories results in that 

the capacity is the same as for the other layouts. The capacity of the inventories inside of the factory is 

the same as for the previous “Flowing”-layout. 

7.6.6 Personnel  
All the suggested concepts have the same amount of workstations and machines, it is only the placement 

of them and the inventories that are different. This means that the personnel required to make these 

suggested production layout function correctly are the same for all the concepts. When it comes to the 
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workstation for large blocks the needed staff is two, the reason for this is so that they can help each other 

with the “butterfly table”. The workstation for the small blocks consists of eight worktables, the idea is 

therefore to continue as they currently do and have one worker per table, this station therefore needs a 

total of eight workers. The cutting machines will also need one worker per machine, the total amount is 

therefore five.  

When it comes to the truck drivers, the workers at the different stations should all have driving 

certificates for trucks, which will allow them to transport material if the need arises. But Lundqvist 

should also have at least three workers (one for each process of the production system) continuously 

working with transporting raw material and finished goods to make the production as efficient as 

possible. These three truck drivers should also work with collecting raw material from the shelfs outside 

the ports connecting the factory to the upper yard, but also deliver the finished building kits to the ports 

in the bottom yard, thereby allowing the wheel loaders to collect them and store the kits in the inventories 

in the yard.  

When it comes to the drivers of the wheel loaders tasked with transporting raw material and finished 

building kits in the yards, the recommended amount is four. One should work with the arriving material 

in the upper yard of the site, while the other three should work with transporting material and products 

in the larger yard at the bottom of the site. The three drivers in the larger yard could also support the one 

in the upper yard if the need arises.  

The fact that this is only a recommendation means that Lundqvist should start with four drivers and then 

evaluate if they need more to ensure an efficient transportation system. The employees needed at the 

office have not been calculated since the layout for the office has not been regarded during this project, 

this is therefore left to the management at Lundqvist to decide. To summarize, the required personnel at 

the new factory according to the suggested layouts is 22. This is ten more than their current amount of 

workers in the production system, but since they are planning to double their production capabilities this 

is a realistic number.  

 

  



 

56 
 

8. Evaluation  
The following section is dedicated to the evaluation of the layout concepts created during the 

development of concepts phase. The first part is devoted to describing the requirement factors that were 

used during the evaluation of the layouts.  

The second part is dedicated to the evaluation of the layouts according to these factors, this part also 

contains an explanation for how each layout were evaluated. The third part of the section is devoted to 

explaining the evaluation of the ideas not directly linked to a specific layout. The fourth and last part is 

dedicated to exploring the possibility to combine the final layout with the best aspects of the layouts that 

did not pass the evaluation. 

8.1 Description of the Requirement Factors 
The factors that were used when creating the layouts and that have been used when evaluating them is 

presented and described in the following list. 

• Inventory capacity deals with the ability of the layout to allow for higher storage capacity to 

minimize the risk of overflowing inventories. It also deals with how well the layout facilitates 

transports routes that make it easy and fast to collect and deliver material across the site.  

• Material handling is about the ease of keeping track of material and storing them in an 

organized fashion across the factory, this factor therefore evaluates the ability of the layout to 

handle raw material, finished products and production waste in an effective way.  

• Production flow deals with the ability of the layout to create flows that minimize the crossing 

of them, but also the length and crossing of transportations routes. This factor therefore 

evaluates the placements of the different workstations, machines and inventories.  

• Production flexibility is a factor that evaluates the capability of the layout to ensure that special 

orders with dimension outside of the ordinary size range can be produced. The ability of 

workstations and machines to help each other is evaluated by this factor, but also the size and 

placement of the workstations which influence their ability to accommodate special orders.  

• Future expansions simply deal with the ability of the layout to expand in the future, this is 

evaluated by for example examining the possibility to increase the size of workstations without 

having them expand into another production process.  

8.2 Evaluation of the Layouts 
The requirement factors and their assigned weight are presented in the following table 2, the proposed 

layout concepts and how they performed in the evaluation is also included in the same table. The points 

assigned to the different layouts is calculated by multiplying the weight of the factors with the number 

representing how well the layout performed. 

The numbers 1 to 5 is used for both the weights and the numbers assigned to the layouts. When it comes 

to the weights, 1 means that it is not important that the layout fulfills it, while 5 means that it is of high 

importance that it does. When it comes to the number representing how well a layout performed, 1 

means that it did not fulfill the requirement, while 5 means that it completely fulfilled it.  
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Table 2 The requirement factors and the evaluation of the layout concepts 

Factor Weight Concept 

“Lookalike” 

Concept 

“Shared” 

Concept 

“Flowing” 

Concept 

“Separated” 

Inventory 

Capacity 

4 4 2 3 4 

Material 

Handling 

5 5 3 4 5 

Production 

Flow 

3 4 5 3 4 

Production 

Flexibility 

2 2 3 2 4 

Future 

Expansions 

4 2 2 3 3 

Total  65 52 57 73 

 

8.2.1 Explanation Behind the Scores for Each Layout Concept 
The motivation behind the result of the evaluation is explained in the following section. When it comes 

to the inventory capacity, the concept “Lookalike” and “Separated” received the highest score, the 

reasoning behind this for concept “Lookalike” is that both the large block and the small block 

workstations have large dedicated inventories before and after them. The cutting machines also have 

dedicated inventories for the raw material, while the area for disposal of production waste is placed so 

that it is easily accessed by all the different machines and workstations. The drawback that decreases 

the score and makes it a 4 instead of a 5 is that the inventories for the raw material inventories is squeezed 

to make room for truck aisles, especially the raw material inventory for the small blocks.  

Concept “Separated” was assigned a 4 since the placement of the cutting machines in the middle of the 

factory results in that the transportations routes to the large block and the small block stations is 

approximately the same length, but the reason behind why it received a 4 instead of a 5 is the fact that 

the inventories are smaller than the inventories of for example concept “Lookalike”. 

The concept with the name “Shared” received the lowest score for this factor and the reason behind this 

is that the shared inventories simply decreases the total amount that can be stored, since the workstations 

and machines must share the same ones. The two concepts “Shared” and “Flowing” each received a 3, 

the reason behind this is that while all the machines and workstations have dedicated inventories, they 

are still smaller than the inventories in the “Lookalike” concept.  

The two concepts “Lookalike” and “Separated” were assigned the highest score when it came to material 

handling, the reason behind the high score for the “Lookalike” concept is that the inventories are placed 

in sequence according to the production flow, this results in it being easy to keep track of all the material 

since it “flows” through the factory in order. There is also inventories before and after each machine and 

workstation, which makes it clear where material is stored during the production process, for example 

raw material in the first inventory and cut material in the second inventory after the cutting machines.  
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The reason behind why “Separated” received a high score is that the placement of inventories makes it 

easy to know where all the material is stored during the production process. The fact that the inventories 

for all the cutting machines is placed in the same area highlights the reasoning behind the score, this is 

also the reason behind why “Flowing” was assigned a 4 instead of a 5, since the placement of the 

inventories in that concept makes it relatively more difficult to keep track of the material. The concept 

“Shared” received the lowest score since the shared inventories makes it difficult to know where each 

type of material is supposed to be stored, it also makes it problematic to keep the different types of 

material separated.  

When it comes to the production flow, the concept “Shared” received the highest score. The reason 

behind this is that the shared inventories decreases the number of crossings of the production flow since 

all the material “flows” the same way. After the inventory used to store the cut material, the production 

flow is divided into two separate flows, one for the small blocks and one for the large blocks. These two 

flows then meet again in the finished products inventory. This creates a production flow that is easy to 

understand, it also leads to the transportation routes being kept relatively simple. The two concepts 

“Lookalike” and “Separated” were both assigned a 4, the motivation behind this is that both concepts 

have workstations and machines placed in such a way that it decreases the number of crossings of the 

production flow.  

When it comes to “Lookalike” the production flow for the large blocks and the small blocks are separated 

from the start and never encounters each other again, but the reason behind why it only received a 4 is 

that the placement of the different processes in the factory takes up a lot of space, which makes it difficult 

to move the trucks between them. The concept “Shared” has more space between the different 

workstations, inventories and machines, which makes the transportation routes more efficient. The 

concept “Separated” received a 4 since the separation of the two production flows after the cutting 

machines decreases the number of crossings, but it is not as efficient as the “Shared” concept. The 

concept called “Flowing” was allocated the least amount of points for this factor, the motivation behind 

this is because the way that the processes are placed in the layout results in that the production flows 

cross each other a couple of times.  

The highest score when it comes to production flexibility was given to the concept “Separated”, the 

reason behind this is that the placement of cutting machines in the middle area of the factory, results in 

that they can support both the large and small block processes if the need arises. This gives a higher 

flexibility since special orders with dimensions outside of the ordinary size range, could for example 

make it necessary for larger material to be cut for the small blocks, which would then have to be made 

by the larger cutting machines.  

The bigger areas for both the small and large block workstations allow, if the need arises the 

manufacturing of larger blocks. The two concepts “Lookalike” and “Flowing” received the lowest score, 

the reason behind this is that the cutting machines are kept in different areas of the factory, which makes 

it hard for them to support each other. The concept “Shared” was assigned a 3 since the shared 

inventories makes it difficult to store and keep material of special dimensions separated from ordinary 

material. The placement of workstation and inventories in this concept also results in that there is less 

space to transport larger materials between them.  

The last factor is future expansions and the two concepts “Flowing” and “Separated” received the 

highest score. The motivation behind this is that the placement of the different processes in these 

concepts makes it relatively easy to expand a process, since the factory is essentially divided into three 

different areas, one for cutting machines, one for large blocks and one for small blocks. This means that 

Lundqvist only needs to expand the areas that need expanding. The other concepts have the different 

processes spread out over the factory building, which makes it difficult to expand without expanding 

into another process. The concept that received the highest total score and thereby was the best at 

fulfilling the requirements was the concept called “Separated”, it will therefore be further developed in 

the next phase. The last section of this chapter is as mentioned dedicated to exploring the possibility of 

combining the best sides of the other layout concepts with the winner of the evaluation.  
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8.3 Evaluation of Improvement Ideas 
The ideas that are not connected to a specific layout are evaluated in this section. The ideas are organized 

in tables and each one will be concluded with a summary of the ideas that will be included in the final 

concept.  

8.3.1 Material Handling 
The following ideas presented in table 3 are connected to the material handling. 

                       Table 3 Material handling ideas 
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8.3.2 Current Building 
The ideas in the following table 4 are connected to the factory building and the new site, but it also 

contains some ideas regarding the daily work at the factory. 

                 Table 4 Ideas regarding different aspects of the factory building 
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8.3.3 Work Organization  
The following ideas in table 5 are related to the work organization at Lundqvist. 

                        Table 5 Improvement ideas for the work organization and production planning 
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8.3.4 Production Flexibility  
The ideas presented in the following table 6 are about the increasing number of special orders and 

therefore the increasing need for production flexibility. 

                  Table 6 Ideas regarding production flexibility 
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8.3.5 Information Sharing  
The last couple of ideas presented in table 7 are connected to the information sharing between the 

different parts of the organization.  

           Table 7 Ideas connected to the information sharing 

 

8.4 Modification of the Final Layout 
The following section is dedicated to describing the modifications that were done to the final layout-

concept, some ideas from the other layouts where used to modify it. The following figures 38 and 39 

shows the modified layout.  Figure 38 shows the layout for the whole site, while figure 39 shows the 

layout and production flow for the factory. The numbers and colors are the same as for the layouts 

presented in chapter 7, the guide (figure 27) presented at the start of that chapter therefore also applies 

to these sketches. 
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                      Figure 38 The layout of the site                           Figure 39 The layout of the production system 

When it comes to the layout for the outside yard, the biggest difference is the placement of the two 

raw material inventories in the upper area of figure 38 (above the factory). The new placement of them 

allows for better access and it also gives a bigger area that can be used when storing raw material. The 

biggest difference in the yard below the factory (according to figure 39) is the placement of the 

inventory closest to the loading area, the placement of the two containers for production waste is more 

compact, which allows for the neighboring inventory to be larger. 

The layout for the factory has been modified to better utilize the available area, the raw material 

inventories at the beginning of the production flow has been made larger. The parking area for the trucks 

has therefore been moved closer to the upper wall of the factory. The inventories that are used for storing 

the cut materials have changed shape and increased in size. The cutting machines used for the small 

blocks (number 8 in figure 39) have changed place with the smaller cutting machine for the large block 

(number 6 in figure 39). This change was made to make the production flow more efficient, since it 

decreases the amount of crossings of the flows, since it now means that the flow for the small block does 

not have to travel past the cutting machine for the large blocks (number 6 in figure 39). 

The biggest modification that has allowed all the other changes to the factory layout, is the placement 

of the containers for production waste. The layout with the name “Shared” had a better placement of 

containers, in that layout they were placed at the end of the production flows, which would make it 

easier to collect production waste and transport it to the outside containers. The earlier placement of the 

containers in the final layout was not as logically organized as some of the other concepts, this was 

therefore changed. Each part of the production process now has a dedicated area for production waste 

containers. More accurate placement of the different machines, workstations and inventories, will be 

considered in the next part of the thesis. The final concept that will be developed in the next phase, will 

also include more details regarding for instance the placement of individual worktables inside of the 

workstations.  
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9. Concept Details  
The following section is devoted to describing the final concept in detail. The section is divided into a 

couple of parts, where each is dedicated to describing a specific part of the final concept.  

9.1 Description of the Final Layout 
The final layout is largely structured as the modified concept “Separated”, apart from some changes that 

have been made to better fit the layout into the existing building at Haraholmen. When it comes to fitting 

the layout into the building, the biggest changes are the addition of walls that divides the building into 

three rooms, three restrooms in the factory area (number 14 in figure 40) and the ventilation/storage 

room that is placed in the upper left of the layout (number 13 in figure 40). All these changes have been 

made so that Lundqvist does not have to change the factory as much to accommodate the suggested 

layout, thus increasing the feasibility of it.  

The following figure 40 shows the layout of the factory, the guide placed in chapter 7 that shows the 

meaning of each color and number (figure 27) applies to this figure, as well as upcoming pictures of the 

layout. The biggest difference is the addition of workbenches which are represented as yellow boxes 

with the number 11, and an electric saw for the cutting of insulation that is represented as an orange box 

with the number 12. Stock pallets have been added to the different inventories, these represent how 

Lundqvist could store the products and material.  

Worktables have also been added to the workstations, which serve the purpose of giving an overview of 

how they can be placed to best utilize the available area and still give plenty of room to maneuver within 

them. The area with the cutting machines that are intended for the small blocks have been divided into 

three boxes, each representing a cutting machine, the number of machines matches the intended 

production level as stated in the current and future state part of the thesis. The final change that was 

made to the layout is that the small port in the bottom left of the factory have been removed, the reason 

behind this is that when the layout was created with exact dimensions of the different processes, it turned 

out that this port was in the way of the production waste containers for the large block station.  

The dark red lines in the layout represent the suggested pathway for trucks, the path is 2.5 meters wide, 

which give plenty of space to move around. The truck passages are planned to be two-way, but as can 

be seen in figure 40, there is still unused space in the factory, the placement of the truck paths is therefore 

just a suggestion. According to the Swedish Work Environment Authority and their regulations on the 

use of trucks (AFS 2006:5), the truck passages should if possible be separated from the walking-path 

for the employees, markings and warnings should therefore be placed so that the pathway for the trucks 

are made as visible as possible. The unused area in the factory is more than enough to allow for walking-

paths for the workers at the sides of the truck-path. 

 

Figure 40 The final factory layout 
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To house the additions of walls and rooms, some changes to the layout had to be made. The two 

inventories that are used by the cutting machines, had to be decreased in size. The other change is that 

the charging station for the trucks had to be moved, since the ventilation/storage room took up that 

space. The charging station was also split into two different areas, the advantage of this is that each side 

of the factory now has a designated area where they can park and charge trucks. The last change that 

was made was that the production waste containers for the cutting machines had to be moved to the 

upper right of the layout by the restrooms, since it was in the way of the added wall. 

To further improve the material handling aspect of the layout, a change was made to the inventory in 

the upper right of the layout, that is used by the small block station to collect material. The change that 

was made is that the inventory was divided into two areas next to each other with a truck passage 

between them. The reason behind this was to make the delivery, as well as the collection of materials as 

effective as possible. If this had not been changed it would have made it difficult to retrieve material 

from the back of the inventory.  

The inventories for the finished small and large blocks, as well as the inventory with material for the 

large blocks, did not need to be changed as much since the size and shape of them is enough to make 

the material handling as efficient as possible, since they are only two pallets deep. The outside yards for 

the layout, has not had any drastic changes, the biggest difference is that the area representing the former 

warehouse at the current site has been given more detail and is now made up of a couple of shelves that 

can be used for storage of raw material. Figure 41 shows a side view of the inside of the factory. 

 

Figure 41 Side view with the large block production closest to the "camera" 

The idea with the final layout and thus the production flow itself, is that the raw material is delivered by 

trucks to Lundqvist at the unloading area in the right corner of the upper yard, which can be seen in 

figure 42. The material is then unloaded by the personnel driving the wheel loaders, after that it is 

transported to one of the inventories in the upper yard. Standard panels are stored in the shelves (dark 

red in the layout), while raw material such as lumber is stored in the inventory designated for 

miscellaneous timber (the area that used to symbolize the former warehouse). The roof trusses and gable 

ends that are sent together with the building kits to the customer, is gathered from the same unloading 

area and are then transported to the lower yard where it is stored in the inventories closest to the loading 

area. This is the longest route and should therefore be prioritized last by the drivers of the wheel loaders. 
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Figure 42 Sketch showing the partitioning of the yard layout 

When it comes to the transportation of material from the upper yard and into the factory, the wheel 

loaders collect the needed material and delivers it to the shelves outside the port closest to the cutting 

machines. The material is then retrieved by employees driving the trucks and stored in one of the raw 

material inventories depending on if the material is supposed to be used for the creation of large or small 

blocks. When the raw material is needed by the cutting machines it is delivered to them by trucks, after 

the cutting processes are finished, the material is transported to either the right side of the factory or the 

left side.  

The cut material for the small blocks is moved and stored at one of the upper right inventories, while 

material for the large blocks is moved to the upper left inventory. When it comes to the production of 

the small blocks, the needed material is collected from one of the upper right inventories and then moved 

to the small block workstation. The idea is that the size of the workstation allows for some storage of 

raw material at the station, new material is therefore only needed when the workers have used all the 

available material. The small block station can be seen in figure 43. After the blocks are finished, they 

are wrapped in plastic at the same tables and is then moved to the finished products inventory to the left 

of the station, were they stay until they are moved to the outside yard. After the trucks have moved them 

to the outside of the factory, they are collected by the wheel loaders and delivered to one of the outside 

inventories. The inventories in the outside yards all have protective roofing over them, which protects 

the material and building kits from the outside weather and thereby increases the time that they can stay 

outside.  
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Figure 43 The workstation for the small blocks 

The process is the same for the large blocks, with the difference that the finished products inventory is 

smaller since the demand for them is lesser then the demand for small blocks. This means that it must 

be emptied more often, but this is mitigated since the long production time of the large blocks reduces 

the need for inventory space as well as frequent transportation. The building kits that are finished are 

moved to the outside yard and is stored at one of the shelves/inventories closest to the factory.  

The division of the yard that can be seen in figure 42, have been created with the purpose of allowing 

the material that Lundqvist does not produce themselves to be allocated to the inventory shelves closest 

to the loading area, while the building kits are stored closer to the factory. The reason behind this is to 

reduce the time it takes to transport finished building kits to the yard, while materials that Lundqvist can 

buy in advance and that does not need to be moved as often can be stored in the shelves closer to the 

loading area. Figure 44 shows the 3D-model of the new site.  

 

Figure 44 View of the final site layout  

The shelf closest to the loading area as viewed in figure 42 is designated as a storage place for building 

kits awaiting pickup by a truck, the idea is that when a building kit is supposed to be delivered to a 

customer, the operators of the wheel loaders collects all of the needed parts of the building kit and move 

it to that specific shelf, which decreases the overall time it takes for the trucks to load the kit. Figure 45 

shows the loading area for the trucks.  
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Figure 45 The loading area for the trucks arriving to collect the finished building kits 

All the truck passages inside of the factory and for the wheel loaders in the outside yards has been 

sufficiently sized to allow efficient transportation of material and finished products. The passage down 

the middle of the lower yard is dimensioned with the purpose of allowing at least two wheel loaders to 

move down it at the same time. The truck passages inside of the factory also allows multiple trucks to 

move around at the same time, figure 46 shows the path that goes from the large block workstation to 

the small block workstation on the other side of the factory.  

 

Figure 46 View of the passage connecting the three areas of the factory 

9.2 Improvement Ideas  
The following section is dedicated to describing the improvement ideas that are not necessarily 

connected to the physical layout, but still part of the concept.  

9.2.1 Information Sharing 
To combat the problem with production employees lacking information and status of orders, each 

workstation should have a couple of designated tablet computers that the workers can use when they 

want to search for information. Since the wheel loaders usually work alone, each vehicle should have a 

tablet computer. The tablet should in turn be connected to an internal system that shows all the orders, 

where the orders are being worked on in the factory and by whom. The system should also have a 

function allowing the workers to contact the office or other production employees and vice versa, this 
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would allow the employees to have better contact between each other and if used correctly should help 

with minimizing misunderstandings regarding the customer orders. 

The internal information system should also contain a digital map of the factory site showing 

approximate locations of material, the employees working with transporting material should also have 

the roll of checking material balance and continuously update the internal computer system, this would 

ensure that all of the employees have access to information about the amount of material in the 

warehouse. This routine should not be difficult to implement, the only thing that the operators of the 

wheel loaders would need to do is to document in the digital system how much they place in each 

inventory and how much they collect. The small increase in transportation time, would be surpassed by 

the profit Lundqvist would receive by reducing the time it takes for the production workers to find the 

right material. It would also make it easier for the employees working with material purchases to know 

how much material is in the system at any given moment.  

9.2.2 Inventory Capacity 
A problem at the current factory in Öjebyn was that it could not handle the increasing demand for 

building kits. The proposed layout fixes the problem with shortage of inventory capacity, by ensuring 

that there are sufficiently sized inventories throughout the factory and the site. The inventories inside of 

the factory are larger, but also fewer, the reason behind this is that by having less but larger inventories 

the storage of material becomes more organized. A result of the overflowing inventories at the current 

factory was that material were stored wherever there was room, this led to problems with navigating the 

factory site for the trucks and wheel loaders, but it also increased the time it took for employees to find 

the right material. Figure 47 and 48 shows some of the inventories placed in the outside yard and the 

size of the passages between them. 

 

      Figure 47 The middle passage in the yard           Figure 48 Placement of some of the inventories in the yard 

The final layout for the new factory solves these problems by as mentioned having appropriately sized 

inventories, the more organized storage of material also ensures that the placement of sufficiently 

dimensioned truck passages inside of the factory, as well as adequately sized passages for the wheel 

loaders in the outside yards is possible. The larger passages allow for easier and safer transportations of 

materials and products, but it also decreases the delivery times since it will be easier to navigate the 

factory site for the drivers of the wheel loaders and trucks, thus increasing the production rate. Figure 

49 shows trucks moving around the 3D-model of the factory and some employees, which gives an 

overview of the factory size.  
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Figure 49 Aerial view of the factory 

9.2.3 Material Handling 
The problems with material handling at the current factory was mainly caused by the overflowing 

inventories, the proposed layout has as earlier mentioned been developed with regards to this, which 

have resulted in larger and more organized inventories both for the different materials and the products. 

The more organized inventories will make it easier and faster for the employees to find the right material. 

To increase the ease of locating material the inventories will be color coded and have markings. 

According to Dobos, Tamás & Illés (2016), the lead times associated with material handling can be 

decreased by using the right type of material handling strategy, the new layout therefore uses the strategy 

of storing material according to type and at a fixed location.  

Each inventory in the new layout will have a specific color that is used to associate a specific type of 

material or product to them, the colors will be represented as markings on the floor as well as on the 

wall. The purpose of this is to make it easier to keep track on where to store things and to differentiate 

between the different inventories. To help make it clearer each inventory will also have a nameplate 

showing the type of material that is stored there. The color coding and markings for each inventory 

should be documented in the internal information system, preferably in the digital map so that the 

employees can search for specific materials in the system. This could also help with the memorization 

of the different colors that are used for color coding the inventories. The colors and the markings could 

if deemed necessary also be used to partition the inventories, thereby ensuring that each type of material 

has their own designated section inside of the inventories. Figure 50 shows one of the nameplates and 

figure 51 shows the color marking on the floor at the same inventory.  

 

             Figure 50 Nameplate used at one of the inventories              Figure 51 Color marking 
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The digital map could also help make the material handling easier, since material levels could as earlier 

mentioned be shown directly in the map. Thereby making it easier for employees working with material 

purchases to keep track of material levels. Another problem that was identified during the visits to 

Lundqvist factory in Öjebyn, was the problem of workers not being able to access material stored in the 

back of the inventories, since it would be blocked by the material in front of it. The new layout has taken 

this into account by decreasing the depth of the inventories and instead makes them longer. The 

inventories in the proposed layout now essentially consist of two columns of space that could be used 

for pallets. The parts of the inventories that are closer to a wall will still be harder to retrieve, but it will 

be easier to access than at the current factory. Figure 52 shows the inventories dedicated to the small 

block production.  

 

Figure 52 Aerial view of the inventories devoted to the small block production 

To help with the retrieval of material and products from the inventories, the routines for how to store 

things must be changed. One of the strategies for material collection as mentioned by Dobos, Tamás & 

Illés (2016) was to use last in first out when it comes to retrieving material, this type should be used by 

Lundqvist at the new factory. This strategy together with the more organized inventory system, will help 

make the material handling more efficient. A step that could be made when expanding the factory in the 

future, is to ensure that all the inventories can be accessed from both sides, but with the current size of 

the factory at Haraholmen it is difficult to solve.  

Another problem at the current factory was the production waste handling, the employees therefore 

needed a better system since there was some confusion over where to dispose waste. The new layout 

tries to solve this problem by having a better placement of waste containers that are easily identifiable. 

The containers in the proposed layout are placed as close as possible to the different processes, which 

make it easy for the workers to access them during the production.  

To help ensure that the waste is disposed in the right way the containers will have different markings 

depending on the type of waste that should be disposed there. Each production process will therefore 

have access to three different containers, one for metal waste, one for plastic waste and one for wood 

waste. If the need arises Lundqvist could start having a checkup during meetings to ensure that 

production waste is handled correctly, but the more structured placement of containers should be an 

adequately good solution for this problem. Figure 53 shows the production waste containers at the large 

block workstation.  
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Figure 53 Production waste containers with markings 

9.2.4 Current Building  
The ports leading into the factory at the current site were too small for some of the material and products 

that needed to be transported, this has therefore been considered during the development of the layout 

for the new site. The ports in the proposed layout are now 4.5 meters wide, while the ones at the current 

factory were 3.5 meters wide. The increased size will make it easier to move the different material and 

products in and out of the factory. If it turns out that the new ventilation system is uncapable of adjusting 

the temperature sufficiently during the colder and warmer periods of the year. A future expansion 

regarding this area could be to expand the factory building to ensure that there is enough space for an 

air lock at each port, which could be used to keep cold air out of the factory. Figure 54 shows the yard 

and one of the new ports.  

 

Figure 54 One of the ports connecting the factory to the outside yard used for storing finished products 

The solution to the problem with insufficient lightning is to essentially make sure that each area of the 

factory has enough lightning, especially at the workstations and cutting machines. Ceiling lamps should 

therefore be placed around the factory. When it comes to the outside yard, floodlights should be placed 

to ensure that each area of the yard is appropriately illuminated, which will be useful during darker 

months of the year. The problem with insufficient space for delivery trucks to load and unload material 

have been fixed by increasing the size of these areas in the proposed layout, the larger size allows more 

trucks to be handled at the same time. To help decrease the amount of heavy lifting that needs to be done 
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at the workstations, small lifting cranes could be placed at each nailing table. Less heavy lifting would 

allow the production employees to save time and energy when handling the heavy blocks and they would 

thus be able to produce more. 

9.2.5 Work organization  
As mentioned at the end of chapter 7, the required amount of personnel to efficiently run the suggested 

production layout is 22, and since the needed amount was the same for all the suggested layouts. This 

means that the final layout also requires the same amount of workers to function correctly. But since 

this is just a recommendation, the management will have to examine this further, to arrive at a number 

that they deem necessary for the suggested layout.  

Improving the working method and making it more standardized, would result in reduced time for new 

workers to learn the working methods. The small and large block workstations could have markings on 

the nailing tables that shows how the panels are supposed to be placed for different types of dimensions. 

The major advantage of this is that it would make the nailing process faster, but the disadvantage is that 

it would only work for the dimensions that are within the ordinary size range. 

This means that the solution would not work for special orders and evidence suggests that these types 

of orders will increase in the future. But this idea should nevertheless be considered since “ordinary” 

orders still make up most of the ones that Lundqvist receives. The idea would as mentioned decrease 

the amount of time it takes to produce ordinary orders, which could as a result of that lead to more 

available production time, which in turn could be spent on creating the special orders. The markings on 

the nailing table does not need to be advanced, it would be enough with pieces of tape, with numerical 

markings next to it, which would allow the workers to see how they should lay the panels.  

In addition to this, more guides showing the working methods used at the different stations should be 

implemented. All processes in the production must have a manual, this would allow new workers to 

faster understand how the work should be done. According to interviews with the employees, Lundqvist 

already have production meetings once a week, but a suggestion for more came up during the workshop, 

if the employees feel that more meetings are needed then the amount of them should be increased. If the 

meetings can ensure a smooth production and increase the communication between the production 

employees and the management, then it would be worthwhile to increase the number of them. 

Templates for drawings/blueprints should be implemented so that they become more standardized, this 

would make it easier for the production employees to understand the drawings. It would also make the 

drawing faster, since the templates would cut down on the amount of work that needs to be done for 

each drawing. Each dimension of the building kits within the ordinary size range should have a template 

associated with it. The disadvantage of this idea is that special orders would be harder to make a template 

for, but they could still have the same type of structure.  

Better planning before the summer regarding orders and earlier training of summer workers must be 

implemented by the management, if they want to make the work during summer more efficient. Since 

Lundqvist have their order peak during the summer months, it is important that the extra personnel that 

is hired to help (while most of the ordinary workers have their vacations), receive early training to help 

them ease into the working methods. The new internal information system developed by Lundqvist 

should also help with the planning for the summer months.  

The workbenches used for storing tools, should keep having silhouettes that show how they should be 

placed, but this could be complimented by having an inventory list containing information regarding the 

types and amount of tools that are stored at each workbench. This idea should also be implemented 

together with the idea of having computer tablets for the workers, the internal information system and 

the digital map should have a function which lets the worker search for a specific tool, the location of it 

should then be shown on the map. This map would not track the tools, since this would be unnecessary 

and costly, but it would instead show where each type of tool is supposed to be stored. This would make 

it easy for the workers to find the right tools, but also give information on where it is supposed to be 

stored after use. A result of implementing this idea is that the time that the workers needs to spend on 

finding the right tool would be reduced, this in turn would have the effect of making the production rate 
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faster and more efficient. The implementation of this idea would also make the production more 

structured, which would help Lundqvist with following the 5S principles of LEAN as stated by Liker 

(2009). 

9.2.6 Production Flow 
The production flow at the current factory had some problems with workstations being divided, thus 

essentially creating several stations with the same function and the same need for material deliveries. 

This problem has been solved in the new layout, by ensuring that all the different functions of the 

production system are kept in the same area according to the purpose of the function. In other words, 

the cutting machines are kept together in one area, while the large block and small block stations are 

kept separately at each side of the factory. This also helps with decreasing the number of times the 

production flow crosses itself. The problem with the lack of dedicated areas for storage of material 

during the production process, have been solved by ensuring that each workstation and machine has an 

inventory for raw material and an inventory for finished material/products.  

The outside of the factory is shared between the production flows of the large and small blocks, but the 

arrangements of the storing shelves allows for large passageways for the wheel loaders and consequently 

decreases the congestion. The width between the shelves allows for at least two wheel loaders to work 

at the same time at any specific area of the yard. Figure 55 shows the layout of the site and the placement 

of inventories.  

 

Figure 55 The layout of the site with the factory dividing it into two parts 

The truck passages inside of the factory is as mentioned 2.5 meters wide, while the passageways for the 

wheel loaders in the yard is 14 meters wide. The small road at the left of the factory which connects the 

finished products yard and the raw material yard, is around 10 meters wide which is be more than enough 

for the wheel loaders to transports incoming roof trusses and other parts to the finished products yard. 

The road connecting the two yards can be seen in figure 56. 
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Figure 56 The road at the back of the factory building  

9.2.7 Production Flexibility 
Since the amount of special orders might increase in the future, the need for flexibility has been regarded 

during the creation of the new layout. The different types of flexibilities as formulated by Narasimhan 

& Das (1999), has been considered during the development. The cutting machines has been arranged in 

the layout so that they can help each other if the need arises, if for example the amount of orders for 

large blocks are low during a period, the large cutting machines can be used to help with the cutting of 

the raw material intended for the small blocks. This therefore leads to an increase in the routing, material 

and equipment flexibility as formulated by Narasimhan & Das (1999). The area housing the cutting 

machines can be seen in figure 57. 

 

Figure 57 Area used for the cutting process 

One of the cutting machines for the large blocks is according the management planned to become 

computerized, this will result in an increase of the overall program flexibility of the production system 

(Narasimhan & Das, 1999). If the amount of special orders are increased in the future, the small and 
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large nailing tables must be evaluated to ensure that they are able to accommodate the dimensions 

outside the ordinary size range, this must be made to ensure that the equipment flexibility as formulated 

by Narasimhan & Das (1999) is kept as high as possible.  

According to Narasimhan & Das (1999) there are also a couple of different types of tactical flexibilities, 

these have therefore also been considered during the development of the layout. The arrangement of the 

different production processes has been made in a way that ensures that the system has the ability, if 

needed, to change the volume of the produced products.  

The expansion capabilities of the system have been regarded during the creation, the different 

workstations, inventories and machines has therefore been placed so that the possibility for future 

expansions are kept as open as possible. The ability of the production system to adapt to modifications 

of the products as formulated by Narasimhan & Das (1999) have also been taken into consideration. The 

size of the nailing tables used at the current factory has been sufficient when it comes to the creation of 

special orders and since the same tables will be used at the new factory, the modification flexibility of 

the system should be enough for the near future. The suggestion of having lifting cranes at each nailing 

table will also help with this.  

The last types of flexibilities according to Narasimhan & Das (1999) is the strategic flexibilities, which 

exist on the firm level of a company. The new product flexibility as formulated by Narasimhan & Das 

(1999) is acceptable at the new factory, since the size of the nailing tables as earlier mentioned have 

been enough for the creation of special orders, but if the dimensions of the orders increase further then 

the purchase of new tables will have to be considered.  

The market flexibility as according to Narasimhan & Das (1999) is on the same level as it were at the 

current factory, during the low sale seasons, Lundqvist will have to continue with producing some of 

the material to stock. But if they succeed in attracting “professional” customers, the system should have 

high enough market flexibility to be able to adapt to changes in the market. The increased size of the 

small block station will increase the ability to produce small blocks, while the large block station has 

enough space around it to expand if the demand for large blocks increase in the future.   

The idea to have earlier training for workers should be implemented by Lundqvist, the reason behind 

this is that since the high season is during the summer, it is important that the summer workers that are 

hired to help while some of the ordinary workers go on vacation, has enough understanding of the 

production system to be able to as fast as possible learn the working methods used in the daily work.  

The idea to standardize the working methods should be combined with this idea to ensure that the 

summer workers can learn the most efficient method, without having to figure it out by themselves and 

thus slowing down the production rate during the high season. Lundqvist should start training the 

summer workers during the months before the summer, when the production demand is lower, thus 

making sure that the new workers are ready when the summer begins. More 3D-figures showing the 

layout of the factory and the site is attached in the appendix of the thesis (appendix 5).  
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10. Discussion 
The first part of this section is dedicated to discussing the final layout concept and the ideas that are 

associated with it, the discussion is divided into different areas of the production system and 

organization, thus allowing each area of the concept to be reviewed in turn. The discussion also focuses 

on describing the relevance of the project and the benefits that will be gained by implementing the 

proposed ideas and layout presented in the thesis. The last part of the section is devoted to discussing 

the execution of the project.  

10.1 Final Layout 
The suggested layout for the new factory in Haraholmen has been developed with the identified 

problems in mind. This has resulted in a layout that solves these problems in the best possible way with 

regards to the already existing factory building at the site in Haraholmen. Köster, Holtkötter and Nipper 

(1998) mentions that during the development of a layout the dimensions of the factory site and the 

process needs must be considered, this has therefore been taken into consideration during the project. 

By for example ensuring that each process has been placed so that they can function at maximum 

capacity with regards to each other, the dedicated inventories also helps with this.  

The major problem at the current factory in Öjebyn was the lack of inventory capacity. This caused most 

of the other identified problems, the material handling and production flows were all affected by the 

lack of enough space to store material and products. The main strategy while developing the suggestions 

for layouts were to ensure that the new production system would have enough capacity, therefore 

alleviating the other problems that were created because of that specific problem. 

The placement of the different machines and workstations in the factory has mainly been made 

according to a line-based layout, as formulated by Bellgran & Säfsten (2005). The reason behind this is 

that the production at Lundqvist is first and foremost a type of mass production of standardized products. 

The fact that most of the building kits have a standardized range of dimensions, makes the line-based 

production most suitable, but the increase of special orders might cause a need in the future for a more 

functional layout-based production system. Since a functional layout according to Bellgran & Säfsten 

(2005) is most suitable for production of low volume and high variety. But since most of the current 

building kits are standardize, the arrangement of the different processes is therefore made so that they 

are placed in a line with material transports between them, which as mentioned by Bellgran & Säfsten 

(2005) is the hallmark of a line-based layout.  

The machines and workstations are also placed with regards to type and function, which according to 

Bellgran & Säfsten (2005) creates a functional layout. The argument that the proposed layout also takes 

some inspiration from this type of layout could therefore be made. All the cutting machines are placed 

in one area, while the small block and the large block stations are placed at either side of the building. 

This consequently results in that each side of the building can be used separately from the other, if there 

are only orders for small blocks, the right side of the factory is used, while the left side is only used 

when orders for large blocks arrive in the system. The advantage of a line-based layout is according to 

Segerstedt (2008) that it results in less transports and shorter throughput time, which will help Lundqvist 

with finishing orders faster and therefore increase the chance of keeping production deadlines. 

The efficiency/productivity benefits of the new layout will mostly come from the improved inventory 

capacity and the material handling. Although the benefits gained by for instance the improvement ideas 

regarding the information system will also have the added effect of increasing the overall productivity 

of the system. The increased inventories and the fact that each machine and workstation has dedicated 

inventories, will help with decreasing the risk of production delays, since material should as a result of 

this, always be available at the inventories for the workers to gather when the need arises. The idea of 

documenting and standardizing working methods, along with the suggestion to standardize the 

production drawings should all help with decreasing the risk of deviations. All these areas are important 

to improve and work with according to Kowalski, Królikowski & Szafer (2018), since they state that 

the quality of a system is linked with the productivity. The placement of the areas for loading/unloading, 

will help during future expansions since they are placed so that they utilize the same road. This will 

allow Lundqvist to expand the site in all directions except the side towards the road.  
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10.2 Improvement Ideas 
The following part will discuss the impact of the suggested ideas for how to solve the identified 

problems, thus making sure that they do not reappear at the new factory in Haraholmen. The discussion 

is focused on the benefits of the ideas, in connection with the theory gathered during the project.  

10.2.1 Information Sharing 
According to Liker (2009) and the sixth LEAN principle of the second group with the name “the right 

process gives the right result”, the usage of visual control is an appropriate way of showing the workers 

how to follow standardized working methods. The idea of having an internal information system that 

can be used by all the employees to share information between each other, is an example of the use of 

visual control as formulated by Liker (2009). By allowing the workers to easily access information 

regarding the storage of tools as well as the location of specific material, the overall production rate will 

as earlier mentioned be improved, since less time needs to be spent looking for tools and the right 

material. 

Liker (2009) also mentions that the usage of visual control will help with the identification of problems, 

since it will decrease cluttered information in the production system. This is also true for the concept, 

since the usage of digital information will help with this. But the digital information system still needs 

to be complimented by the ability to share information without the need for access to a computer/tablet 

computer. The material handling idea of having colored markings for the inventory system and 

silhouettes for tools should be used together with the internal information system, by doing this 

Lundqvist will ensure that the workers can use both the digital system as well as information sources 

placed throughout the factory.  

10.2.2 Inventory Capacity 
It is important to ensure that the inventory capacity is high enough so that it can support the planned 

level of production, by implementing the final layout, Lundqvist will ensure that they are ready for the 

future. According to the future state, which were formulated during the current state phase of the project, 

the plan is that the production capacity will be doubled in conjunction with the move to Haraholmen. 

This underlines even more the importance that the storage capacity is enough, both when it comes to 

raw material but also during the production itself. 

The problems with the lack of inventory capacity is something that the new layout has solved, by 

creating a more organized inventory system. As Sulírová, Závodská, Rakyta & Pelantová (2017) 

mentions the lead times of a system can be decreased by reducing the amount of inventory, which the 

new layout tries to do by decreasing the amount of inventories spread out over the factory.  

The lack of inventory capacity at the current factory in Öjebyn resulted in that material was stored all 

over the factory, which consequently made it difficult to navigate the site for the trucks and wheel 

loaders. As was described by Beamon (1999) the amount of congestion during transportation affects the 

material handling negatively, by decreasing the amount of material cluttering all over the new factory, 

the material handling will be more efficient as a result of the proposed layout. The larger passages for 

trucks and wheel loaders will also help with decreasing congestion throughout the system. 

10.2.3 Material Handling 
By improving the material handling of the production system, the new system at Haraholmen will be 

able to correctly deliver the needed material when it is needed by the different processes, as is mentioned 

by Sulírová, Závodská, Rakyta & Pelantová (2017). The suggested layout will help facilitate the material 

handling, since the placement of machines, workstations and inventories has been made with regards to 

the proximity chart, which means that they are placed according to the wanted distance relationship. The 

fact that each process has dedicated inventories for raw material and finished products/material, will 

also help. Because of this the material handling will be improved since the transportation routes between 

the different processes and inventories are kept as short as possible 

Dobos, Tamás & Illés (2016) mentions that the total lead time of a system is a combinations of a couple 

of different activities, among these the time it takes to collect and deliver material, by ensuring that the 

transportations routes between the processes is short the overall production rate will thereby be 
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improved. The improvements to the transportation routes will help with reducing congestion for the 

trucks and wheel loaders, which according to Beamon (1999) greatly affects the efficiency of the 

material handling. 

Beamon (1999) also states that the number of intersections in a transportation route affects the material 

handling, this has therefore been considered during the creation of the layout. However, the location of 

the various processes has as earlier mentioned largely been based on the proximity chart created during 

the current state phase. The minimization of the number of intersections has been regarded, but the 

closeness between processes has been the most crucial thing to consider during the creation of the layout.  

The usage of color markings is an efficient way to ensure that the workers can identify specific 

inventories, but the disadvantage of this is that potential color-blind employees may have difficulties 

with distinguishing the colors, but to counteract this, the color coding should be complimented with 

marking based on text at the inventories. The digital map that should be made and integrated with the 

internal information system, will also help color-blind employees with finding the right material. 

The two material handling strategies as formulated by Dobos, Tamás & Illés (2016) that should be 

implemented by Lundqvist, are as mentioned that material should be stored according to type and at a 

fixed location and that last in first out should be applied when collecting material. By storing the material 

according to type and at a fixed location, the employees will have an easier time with memorizing where 

specific material is stored.  

The overflowing inventories at the current factory in Öjebyn, caused problems with material being 

stored all over the factory, which made it hard for the employees to find the right material. This problem 

also resulted in that the employees working with material purchases, lacked knowledge about the level 

of materials within the system. By having fixed places for storage together with the digital map of the 

factory, these problems can be prevented. The strategy of having a last in first out policy as mentioned 

by Dobos, Tamás & Illés (2016) should help with the retrieval of material during the production process. 

This will allow easier access for the workers, since they will not have to spend as much time moving 

material that are in the way of the needed material, as they currently are doing at the Öjebyn factory.  

10.2.4 Current Building  
Since the area housing the ventilation system already has been built at the new factory during the span 

of this project, the final layout therefore took that space into consideration. However, in order to keep 

the layout creation as open as possible, this was not considered during the development process, but it 

was instead only during the modification of the final concept that this area of the factory was considered 

as already occupied.  

The idea to have an air lock at each port could be a possible solution in the future if it turns out that the 

ventilation system is not able to sufficiently keep the temperature at a normal level during the winter, 

but since no information exist on the effectiveness of the ventilation system this will have to be evaluated 

after it has been in operation for an extended period.  

The idea to use lifting cranes at the nailing tables would probably be expensive, but the ergonomically 

benefits for the workers would be positive in the long run, since it would decrease the risk of injury and 

thus sick leaves. But since the ergonomic aspects of the daily work at Lundqvist is not something that 

has been given high priority during this project, no information regarding the status of the ergonomics 

of the workers exist and thus no evidence of this being a major problem at Lundqvist, but it has 

nevertheless been included as a proposal in the concept, since a request for less heavy lifting came up 

during the workshop with the workers. Since no information on the ergonomics of the production 

workers have been collected during this project, a subject for future studies at Lundqvist could therefore 

be the ergonomics of the employees.  

10.2.5 Work Organization  
The writing of manuals regarding working methods must continue, the goal must be that all processes 

in the production should have a manual. To help with writing these, the knowledge of the more 

experienced workers must be considered during the creation, thus making sure that the working methods 



 

81 
 

presented in the manuals are consistent with the reality of the production system. According to Liker 

(2009) and the LEAN principles that he has formulated, standardized working methods should be used 

so that the production outflow is kept the same. The workers should according to LEAN and as 

mentioned also be involved in the creation of the standardized working methods, thereby ensuring that 

the working methods are supported by the ones using it. (Liker, 2009) These improvements will also 

help with training new workers, and since the suggested layout needs at least 22 workers, it is therefore 

important to ensure that they efficiently learn the working methods. 

Regarding the wishes for more production meetings, it does not have to be a routine with more than one 

meeting per week, but Lundqvist should allow for more than one, thus making sure that workers feel 

that they can get the opportunity to talk and ask things regarding the production. If nothing else, this 

would result in that the workers would feel more included in what is happening within the organization. 

It also opens more opportunities for the workers to discuss production topics with the management, 

which would make them feel even more listened to and involved in the daily work. 

The proposal to ensure that everyone within the organization strives for the same goals came up during 

the workshop, but this has not been investigated further, more information is therefore missing regarding 

this subject. But if this turns out to be a problem within the company, the management must work with 

developing the corporate culture so that the corporate goals become the guide for how everyone within 

the company works. This is an important aspect of LEAN according to Liker (2009) and since Lundqvist 

wants to continue to work with this way of thinking, the solving of this potential problem should be a 

top priority.  

During the observations and interviews with the management at Lundqvist, it became clear that the 

organization is influenced by the principles of LEAN. During the interviews with the management it 

also became clear that they are interested in continuing to work with LEAN in the future. It is therefore 

important that the management considers the factors that contribute to the employee’s perceptions about 

LEAN implementation, as suggested by Losonci, Demeter & Jenei (2010). To ensure that the employees 

feels committed to the LEAN changes, it is important that the management makes sure that they 

communicate their plans with them. As Losonci, Demeter & Jenei (2010) mentions the management 

should give feedback on the impact of the implemented LEAN changes, since it according to their study 

helped make the employees feel more committed.  

The management at Lundqvist must also make sure to involve the employees in the future work with 

LEAN, since it according to Losonci, Demeter & Jenei (2010) increases the motivation of the workers 

to work according to the LEAN principles. The different kinds of resistance to change, that exist within 

an organization according to Alcadipani, Hassard & Islam (2018), must also be considered during future 

work with LEAN. Since it according to the same authors can take the form of contempt towards the 

people implementing it. Alcadipani, Hassard & Islam (2018) concluded their study stating that more 

research on how to fix these resistance problems must be made, the management at Lundqvist should 

therefore try to keep an eye on the research that is being performed in this area.  

10.2.6 Production Flow 
The arrangement of the different workstations and machines in the new layout results in that the 

production flow for the small and large blocks are separated after the cutting machines. This means that 

each side of the factory is dedicated to a specific type of block, each side of the factory can therefore 

concentrate on being as efficient as possible without having to deal with the production flow of the other 

type of block disrupting the production. Truck transports for the small blocks are kept at one side while 

the transports for the large blocks are kept at the other, thus decreasing congestion and as a result of that 

the material handling would be more efficient as described by Beamon (1999).  

The problem of insufficient inventory capacity is eliminated by having dedicated storage areas, which 

as mentioned also saves valuable production time by ensuring that the workers do not have search the 

factory for the right kind of material. This together with the suggestion for a digital map and 

improvements of the information sharing should eliminate the problem of employees not knowing where 

the material is stored. According to Bellgran & Säfsten (2005) one aspect of the production flow of a 

system is the ability to ensure that material arrives at stations and machines at the right time. The 
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improved material handling of the suggested layout will in conjunction with the increased inventory 

capacity, improve this aspect of the production flow.  

According to Irani, Zhang, Zhou, Huang, Udai & Subramanian (2000) poor communication and long 

transportations routes are symptoms of poor flow. The production flow has therefore been improved by 

ensuring that the transportation routes are kept as short and smooth as possible between the different 

processes, which Sly (1997) also advocates. The sharing of information between the employees will 

ensure that the production flow can function as effective as possible. The production disturbances with 

the workers not knowing where material is stored and which orders are already worked on, will disappear 

if the proposal for improvements to the information flow is implemented.  

10.2.7 Production Flexibility 
The arrangement of the cutting machines in the same area in the middle of the factory will as earlier 

mentioned result in that they can support each other if the need arises. By implementing the layout, 

Lundqvist will ensure that the cutting process is as flexible as possible, which will make it easier to 

adapt to changes to the market. The large and small block stations are not as flexible as they cannot 

effectively help each other, since the difference in the size of the nailing tables is too large. But as 

mentioned the placement of these workstations at each end of the factory will help with the expansion 

flexibility as formulated by Narasimhan & Das (1999). This should make it easier for Lundqvist to 

expand these processes if it is deemed necessary in the future. 

It is likely that the amount of special orders will increase in the future, since the market for building kits 

with sizes outside of the ordinary dimension range seems to be popular among the customers.  However, 

there is not enough data regarding this subject, this claim is therefore only based on the large number of 

special orders that Lundqvist has received during the summer of 2019. Since it is not yet possible to 

safely say that this will continue in the future, more trend data regarding this type of orders must be 

collected, but this is a subject for future studies since it falls outside the scope of this project.  

If speculating on the special orders based on the current available information, it seems that unless 

Lundqvist continues to allow special orders, it would mean a big loss of potential revenue. If Lundqvist 

also succeed with their goal of attracting “professional” customers, such as large construction 

companies, then it might result in that these types of customers might want to be able to choose 

dimensions outside of the ordinary size range.  It is therefore recommended that Lundqvist continue 

their work with special orders, further improvements to the working methods and the flexibility of the 

system should instead be made, thus making sure that the work required to make the special orders is 

made easier for the workers. This can be made by, for example, modifying the nailing tables so that they 

become better adapted to blocks with dimensions outside of the ordinary size range. But as earlier 

mentioned the current type of tables should be enough for the near future when it comes to special 

orders.  

10.3 Project Relevance  
The fact that Lundqvist estimates that the new factory at Haraholmen will double the production capacity 

compared to the capacity at the Öjebyn factory, means that they need to make sure that the new layout 

can support this increase. The improved inventory capacity, production flow and material handling will 

all help make the production system as effective as possible. While the improved information system 

will support the production system by making sure that the identified problems connected to the 

information sharing within the organization, does not reappear at the new factory.  

The improved production system will help make the working environment better for the employees as 

well as making sure that Lundqvist are able to stay competitive and able to attract customers. By 

implementing the suggested layout together with the other features, the improved production will make 

sure that Lundqvist are able to keep the order deadlines. The result of keeping the deadlines, will be 

happy customers, which will consequently lead to Lundqvist getting an even better reputation and 

thereby attracting more customers.  

By having more customers, the need for expanding will increase which will require more workers and 

thereby creating more job opportunities within the municipality, which will help with reducing 



 

83 
 

unemployment as well as increase the tax revenue. The establishment of more successful companies at 

Haraholmen will as mentioned at the start of the thesis, lead to an increase in the interest of the 

municipality to develop that area with services, which will result in making Haraholmen more attractive 

for other companies looking to establishing themselves. Thereby increasing the job opportunities within 

the municipality and potential tax revenue even further. The fact that Lundqvist would have to hire at 

least 10 more workers to arrive at the required 22, will also help with increasing the job opportunities in 

the municipality  

The production methods used by Lundqvist to produce the building blocks seems environment friendly, 

since they do not release any kind of polluting chemical emissions, in comparison to other industries. 

The machines used in the processes only need electricity, which can be made from sustainable sources. 

By implementing the suggested layout and as a result of that attract more customers, it will lead to an 

increase of buildings being built by this process. Which in turn will have a positive impact on the 

environment.  

10.4 Project Execution 
The total project time of around 800 hours has been enough to be able to answer the research questions 

and to fulfill the objectives of the project. But as have already been discussed in the method discussion 

part of the thesis, some changes could have been made when it came to the methods and course of action 

used during the project. However, the fact that the method called benchmarking could not be performed, 

did not primarily depend on a lack of time. It was also the placement of the project from spring to 

autumn, with the summer in between which made it difficult to perform.  

Another thing that could have been performed differently is the calculation of the inventory capacity, 

the lack of exact volume numbers resulted in that this had to be estimated from the size of the inventories 

in the supplied digital drawings of the current factory. But this method was deemed to be adequate at 

the start of the project, since it resulted in the obtaining of dimensions for all the different inventories, 

which could then be increased to match the planned production increase. But it would nevertheless have 

been useful to have an exact volume number of the different inventories. More time could therefore have 

been spent on analyzing the inventories, but this was disregarded since it was deemed that it would take 

too much time to measure all the inventories and the different materials by hand, since no data regarding 

this existed at Lundqvist. Better planning of this is therefore something that will be regarded for future 

projects.  

As mentioned in the method discussion the fact that there was a lack of newer data regarding time factors 

in the form of lead time and cycle time, made the usage of methods in the form of for instance 

simulations not possible, since they would most likely be misleading. The planning and including of 

times studies is therefore something that will also have to be regarded for future projects. 

Initially, the project lacked a strict definition of the purpose. The background was that Lundqvist planned 

to relocate their business to Haraholmen, but the subject of the project was undefined. Thus, the focus 

of the project could be chosen freely. Initially, the idea was to analyze and determine the placement and 

capacity of the inventories at the new factory. But after discussions it was decided that the purpose 

would instead be to create a layout for the new site. 

The open definition of the project resulted in that the choice of areas to investigate fell upon the project 

executor. A delimitation was therefore made to not investigate the ergonomic of the workers, as this 

would have made the project far to widespread, since it would mean that a number of different methods 

regarding ergonomics would have to be applied, for instance RULA and OWAS. A decision to not 

investigate the office and plan the layout of it was also made for the same reasons.  
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11. Conclusion 
The following section of the thesis discusses the result of the project with regards to the aim and 

objective of the project. The research questions that where created at the start of the project are also 

discussed.  

11.1 Project Aim and Goals 
The aim of the project was to analyze the production system at the current factory in Öjebyn and use the 

gathered information together with research to create suggestions for how to improve the production 

system. This has been made by spending a large amount of time at the start of the project to thoroughly 

examine the production system, after an understanding of the system had been gained, the gathered 

information was analyzed to find potential problems. The research that was collected and reviewed was 

used continuously during the project, when both analyzing the gathered data as well as when creating 

the layouts and the suggestions for how to solve the identified problems.  

The objective of the project was to use the suggestions for improvements to develop a layout concept 

adapted to the conditions of the new Haraholmen site. This was made by ensuring that the current layout 

was well understood. Current research belonging to this area was also gathered and analyzed so that the 

knowledge could be applied during the creation of the layout. Information regarding the new site was 

also collected during the current state phase, thus allowing the layouts to be made based on the 

conditions of the new site. The final layout and improvement ideas presented in the thesis solves the 

identified problems, while at the same time being adapted to the conditions of the new site, the project 

aim and objective has therefore been fulfilled.  

11.2 Research Questions 
At the start of the project three research questions were formulated to serve as guides, these were based 

on the formulated project aim and objective. The questions were of an investigative nature, since the 

project was essentially started without prior knowledge about the production system and the potential 

problems with it. The questions were also designed so that focus was on how to eliminate the potential 

problems, with regards to the new factory site at Haraholmen, instead of focusing on solving the 

problems based one the preexisting conditions at the current factory. The following parts of this section 

will be dedicated to discussing the three research questions and explain how they have been fulfilled 

during the project.  

11.2.1 How does the current production system work? 
During the current state phase of the project, focus was on examining the factory at Öjebyn, to create an 

understanding of the various processes involved in the creation of the products that Lundqvist provides. 

With the help of the methods used during this phase, an understanding could therefore be created. After 

these methods had been performed, information regarding production factors such as production flow, 

material handling and the organization itself had been collected. The layout of the current factory was 

also analyzed to see if there were any potential problems associated with it.  

A large part of the project was devoted to conducting information gathering at Lundqvist, this resulted 

in a large collection of data regarding the production. Which was useful during the remainder of the 

project in order to be able to develop a new layout for the Haraholmen factory, as well as suggestions 

for how to solve the identified problems. All this therefore means that this research question was 

sufficiently answered during the project. 

11.2.2 What type of problems are currently affecting the production and organization? How can these 

be solved so that they do not appear at the new factory?  

Based on the information about the production and the organization, as well as the organization of work 

collected during the current state phase. Problems affecting these areas were identified, all the problems 

have been crucial to consider during the development of the layout suggestion as well as the 

improvement ideas. The identified problems existed in many parts of the organization and affected the 

production negatively. The lack of inventory space was the major reason behind most of the identified 

problems, since the material and products had to be stored all over the factory because of this. The 
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insufficient inventory capacity caused problems with the production flow as well as the material 

handling.  

The collected information also showed that the organization is influenced by some principles of the 

LEAN philosophy. Mainly continuous improvements and good structure/order in the production. While 

the management at Lundqvist tried to follow these principles, the lack of enough room at the current 

factory made it difficult. As mentioned, the lack of sufficient inventory space made it problematic to 

keep good structure in the factory.  

During the development of concepts phase, suggestions for how to solve the identified problems were 

created. Some of the ideas could be directly implemented in the creation of the layout suggestions, while 

others had to be developed on their own and evaluated separately, since they were not directly connected 

to a specific layout. After the evaluations and the work with concept details had been finished, the result 

was a final layout concept together with a couple of ideas for how to solve the identified problems. The 

ideas not connected to the layout largely consisted of organizational changes, as well as changes to the 

sharing of information throughout the company.   

The thorough investigation of the Öjebyn factory, meant that there were sufficiently large amounts of 

information collected regarding the production. This helped with the identification of problems as well 

fulfilling the role of being a guide during the development of the improvement ideas and the layout 

concepts. As a result of this the research question has thereby been answered during the project.  

11.2.3 How should the larger surface area at the new site be utilize so that the layout become as 

efficient as possible? 

The new site at Haraholmen is twice as big as the current one, this meant that there were good 

possibilities during the project to design the layout in the best possible way. The layouts that were 

created during the development of concept phase, took advantage of this by mainly following the 

proximity chart during the creation. The Greenfield-layout that were created during this phase, served 

as a good inspirational source for how to place the different processes of the production system.  

The larger site meant that there were no problems with fitting enough inventories in the outside yards 

during the development. But the factory building that was already being built during this project, created 

some problems when placing the processes and inventories. To keep the layout ideas as open as possible, 

the prebuilt rooms and walls inside of the factory was therefore not considered. The layout that received 

the highest score in the evaluation was instead modified to take regards to the walls and rooms after the 

evaluation was done. By doing this the layout could keep its improvements to the production system 

intact, but with higher feasibility than if it did not take regard to these things.  

The suggested layout takes the larger surface area of the new site and utilizes it to solve the identified 

problems with the prior factory. The larger inventories and the placement of the different machines and 

workstations, results in a straighter and smoother production flow as well as a better system for material 

handling. The marked inventories together with the suggestion for a digital map make it easier for the 

employees to find the right material. While the arrangement of the processes into different areas of the 

factory makes it easier to work with a specific process and expand it if the need arises. 

The fact that all sides except the one in front of the office and the parking lot, are open and lacks a road, 

results in that Lundqvist have many possibilities to expand the site in the future, since the surrounding 

undeveloped land mostly consist of forests and meadows. The thorough work with mapping the current 

production system and the new site resulted in that there was more than enough information collected, 

which could then be applied to make the suggested layout as efficient as possible, this therefore means 

that the third and final research question has been adequately answered during the project. 
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12. Recommendation  
The increased production capabilities of the new factory highlight the need for an efficient production 

layout. The future vision of the company as a manufacturer of building kits both for private customers 

and professional construction companies, creates a need for a production system and organization able 

to handle the increased demand. The recommendation for Lundqvist is therefore to implement the 

suggested improvement ideas and the final layout presented in the thesis. The new layout would create 

a better material handling system, production flow as well as increased inventory capacity. 

The implementation of the layout would mean some changes to the factory building at Haraholmen, but 

the current design has been considered during the development of the final layout, thereby making it as 

easy and economical as possible to implement. If the suggested layout is hard to implement at the current 

time, the first step should instead be to implement the suggested improvement ideas that are not 

connected to the physical layout, and then successively implement the layout. 

The implementation of the ideas to standardize the working methods and create manuals for all the 

machines and workstations, could still be implemented before the suggested layout. The ideas to create 

markings for the inventories as well as color coding must be implemented.  The changes to the 

information sharing within the company must also be considered, the suggestion to have a digital map 

of the factory together with routines for the drivers of the wheel loaders to keep track of material levels, 

should be implemented as well. Markings at the nailing tables showing how the workers should put the 

panels during the manufacturing process is another idea that should be considered, even if the suggested 

layout is not implemented directly.  

The purchase of computer tablets as well as lifts at each nailing table could also be implemented before 

putting the suggested layout into use. The routines for how to store material according to Dobos, Tamás 

& Illés (2016) must also be considered, last in first out when retrieving material and using fixed positions 

for specific material within the system.  The production waste container must also be changed so that 

they become easier to identify and collect the waste from. The lightning both inside of the factory and 

on the outside should also be improved. Templates for the drawings/blueprints must also be created, 

thereby standardizing it and making it easier for the production employees to understand them, which 

will help with decreasing the risk for misunderstandings.  

Silhouettes should continue to be used, as well as further work with the LEAN principles regarding 

structure/order within the production system.  The idea to have a digital system showing the location of 

tools must be implemented as well.  All these ideas would decrease the time the workers need to spend 

on finding the right tools, thereby increasing the production rate of the overall system. Better planning 

before the summer and earlier training of summer workers must also be implemented by the 

management. The final recommendations for Lundqvist is to keep improving their production 

flexibilities as formulated by Narasimhan & Das (1999), which will ensure that Lundqvist are ready if 

they in the future decided to keep accepting special orders with dimensions outside of the ordinary size 

range.  

The recommended amount of workers to ensure an efficient production is a mentioned 22, which means 

that Lundqvist needs to hire and train at least 10 more workers to be able to arrive at this number, but 

since the new factory will double the production capacity, this is therefore something that is of high 

importance for the management to spend time working on.   

Lundqvist should continue their work with the different LEAN principles as formulated by Liker (2009), 

especially continuous improvement and good structure in the production system.  The management at 

Lundqvist must involve the workers in the LEAN implementations to decrease the risk of creating 

resistance within the organization against LEAN as described by Alcadipani, Hassard & Islam (2018). 

But also, to make the employees more motivated to work according to LEAN as mentioned by Losonci, 

Demeter & Jenei (2010). Since Lundqvist plans to continue their work with LEAN, it is important that 

they keep an eye on current research regarding this subject, thus making sure that they always work with 

the most current knowledge regarding the different principles of LEAN. 
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Appendix 2: Interview with Production Employees 
This section contains the questions that were asked to the production employees and their answers. The 

interviews were anonymous, the people who participated has therefore been assigned a number 

randomly.  

What are your feelings regarding the current production system? 

1:  The production is going well, but the system with the production score is not functioning very well. The different variables are not weighted 

properly. No one is keeping an eye on the amount of orders, so we are currently taking on too much. The building kits take too long to leave 
the factory, it is no use to have a higher production rate if things are not leaving the system at a fast pace. It is hard to know what everyone in 

the production are doing, even if you have worked for a long time. This includes the employees at the office, I do not know what everyone 
works with.   

2: Crowded, it is packed everywhere with products and material. We have too few wagons to transport material and the crowding makes it 
hard to access the needed material. Plus, the ports are too small, so some blocks can only be transported through specific ports.  

3: The production is both good and bad, the things that goes less well is that we are behind with orders because of the special building kits that 
have been ordered.  

4: The current production is not good, the sales team and the production team does not communicate enough with each other. “One hand does 

not know what the other is doing”, the production lacks a red thread. The special orders that the sales team has taken in lacks the correct tables, 
so the production team must depart from normal working routines, which has created problems.  

5: The production is working fine, I have nothing to compare it to.  

6: It is chaos right now, the special orders take more time to produce. The factory is too crowded with material and products.  

7:  It works well, but it is not efficient. It takes a lot of time to transfer the material from outside the port where the wheel loaders place the 
material and into the factory.  

8: Right now, it is a little bit confused, the production does not function so well. We have to much orders, almost three times more than we can 
catch up with.  

9: I think it works well, but there are things you can improve. A lot of practical things would be solved with a larger factory.  

What are the biggest bottlenecks in the production system? 

1: The order information given to the production employees is sometimes wrong and when the employees in the production finds out about it, 

it is often too late to stop it. The production team instead gets stressed and try to fix it as fast as possible, which affect the production quality 
negatively.  

2: The panels on the small blocks, sometimes we get faulty material, which is not noticed until we already have started placing the panels on 

the blocks. The planks sometimes have wrong angles and it is also hard to detect cracks in the material. We often only notice that the material 

is faulty when we start nailing the planks, so if it is the last nail on the panel that cracks the material, we have to remove a lot of nails before 
we can change the panel to one without cracks.  

3: Bad order planning, it also takes a long time to teach summer workers.  

4: When things do not flow well in the production, right now it is the cutting. The orders right now need a lot of different panels with varying 

length. So, it is a lot that needs to be done and a lot of material that needs to be moved, which creates stress for the employees working with 
transporting the material. It does not take much trouble per building for it to slow down the production. In the autumn it will be less to do, but 

we cannot order the wood that is needed, because the sawmills supplying us does not have the right material during the autumn, and when they 

get the material it takes a long time for them to cut it. I’m not sure why this happens, but it might be because they run out of the right wood 
type after the summer.  

5: If things arrive to late, we must make half-finished orders.  

6: We did not get the order basis at the start of the season, so we lacked the right kind of wood, which made it so that we could not start cutting 

anything, and once we had the right order basis, we lacked material. This slowed everything down, so all the orders have arrived simultaneously. 
The shortage of space is the hardest part of the production at this moment, because now you must spend a lot of time fixing room for the things 
that need to be stored.  

7: It takes time to do the special orders, it also takes a lot of time to cut and collect the right material. It is crowded to place material.  

8: A lot of small things that take time, like for example wood handling and emptying bins with wood waste. The emptying of bins takes around 
20 minutes. There is a lot of logistic handling, in and out with material, when wood with the right dimensions run out, they instead must cut 
material with the wrong dimensions, which creates a lot of wasted material. It is a domino effect.  

9: It is high season right now, so we need to be prepared. But if they fall behind in the office with the basis for the orders then the problem gets 
pushed down onto the production team.  

How do you feel about the current organization of work? How does it work right now with regards to things like planning and the flow 

of information? 
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1: It is starting to function correctly, but the ones that work with ordering material do not talk with the production team, they are poor at 

communicating and do not give feedback to the production team. People does not know what everyone’s duties entails, there must be more 

follow-up regarding production.  

2: It works well, apart from a little trouble lately with the production. They had trouble at the office with getting out the order basis for those 
who work with cutting the material. So, we therefore got a bit behind with the production. We have for example worked with cutting the 
material for a whole order and then discovered that the blueprint/basis was wrong, so we had to do it all again.  

3: It works well. 

4: It works well, but you can always get better. It is difficult when there are production peaks in the summer. We should talk more with each 
other and plan more before the season begins, so that everyone “pulls in the same direction”. Now it has become a bit divided, the production 

for itself, the planner for themselves and the sales team for themselves. The best thing would be to have the orders more spread out over the 
year, or for example take on orders in advance.  

5: It goes well, good communication throughout the organization, if you have any questions then you go to the office.  

6: It works well, we have our computer at the information table where we can see all that we need to do, we also have the information board 
where you can get information. You can also easily check with the people working in the office if you have questions.  

7: Sometimes the information does not reach all the way, but other than that it works well.  

8: The information flow is problematic, because we have a lot of “private customers”, many things can happen with the orders that creates 
disturbances. Sometimes we do not know what everyone should do during the production.  

9: It is good, the Monday-meetings are a good thing. I appreciate that you get an update on the things that happens in the company.  

What do you think about the current work environment? With regards to things like stress, noise level, lightning, temperature and air 

quality? 

1: No problems with stress or noise. The lightning is good outside and inside, but if we started to get more orders during the winter it would 
be good with better lightning outside to reduce the risk for accidents.  

2: High stress because we are behind with orders, temperature is bad in the summer when it gets hot and in the winter it gets cold. The lightning 
is okay, and the noise level is what it is, but it works.  

3: It is stressful because of the orders, the sound level is good, the lightning is poor. There are some faults with the lightning that have not been 
fixed in a long time. The temperature is bad, in the winter it is cold because of poor heating.  

4: In the summer the air quality is good, but in the winter, it gets bad when they close the ports. The temperature is bad both in the summer 

and winter, but the winter is worse. The sound level is good when you use earmuffs, but sometimes you must take them off to be able to speak 
with people.  

5: I’m used to much more stressful situations, I think it is fun when the production rate gets faster. The noise can get loud, but the worst is the 
squeaking of the ports when they are opened or closed. When it is cold outside it is cold inside and when it is warm outside it is warm inside.  

6: High stress, takes lot of concentration to make sure that everything is done correctly. It is hard but you try to do the best with the situation. 
Earmuffs works well, the lightning is okay, but the temperature and air quality is poor. Last winter it was 10 degrees Celsius inside and during 
the last summer it was 28 degrees Celsius inside the factory.  

7: In the summer the stress level is high, the sound level is good, the temperature inside is scorching in the summer and freezing in the winter. 

The lightning is too dark in the warehouse and there is almost no lightning outside it. Which makes it hard to work outside in the winter when 
it is dark.  

8: Now it is stressful, the number of special orders is what is causing this. The noise level is no major concern, but the nailing tools gives of a 
sharp sound. The lightning is poor, which is bad in the winter when it is dark. The temperature changing from time to time, it is worse outside 
but bad everywhere. The ports and doors let in a lot of wind.  

9:  The sound level is noticeable, especially at the nailing stations. I have no problems with the temperature, but I have heard that it can be 
tough during the summer.  

What do you hope will change with the move to Haraholmen? 

1: More shelves, more and better communication. There is no asphalt at the new site so it will become more difficult to drive.  

2: That it will get easier to work, better production flow and less interference.  

3: That the working environment and planning gets better. 

4: Through larger rooms at the new site, we can have better structure. Larger truck paths so that we can drive the material more efficient, today 
we must pull carts everywhere inside the factory which is difficult.  

5: Better temperature, larger areas, it is chaos right now with the material handling.  

6: Right now, we have shortage of space, so I hope it will get better. Better routines, clear markings for the storage at the workstations. That it 
will get clearer what everyone should do in the production.  

7: I hope that the storage of wood indoors will get better, that we can store more at the same time. The lack of storage makes it hard to plan 
the order, a scissor lift would make it easier to handle the material.  
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8: More space, better heating, better daily organizing.  

9: Mostly practical things, that it will get easier to transport material in and out of the factory, at the present it is hard to bring in some packages 
due to the small dimensions of the ports. There is also a lack of space to put things and it is hard to know where to put the material.  

Do you have any suggestions for how to solve the problems present in the current production system and work organization? 

1: Proper communication, they have saved a lot of money on the equipment needed for communication. Every worker must become more 
aware of the flow, deadlines and work tasks.  

2: Wider opening inside of the factory and larger ports. The ceiling must get higher and no narrow partitions inside the factory.  

3: Better planning for the summer. Those who work with cutting and nailing and those that make the order basis must become more consistent 

with their work. Everyone currently works according to their own way. The people making the blueprints all draw in different ways, which 
makes it hard to understand.  

4: More planning before a season, more communication about what is most important and how much time should be dedicated to each order.  

5: Larger areas, no squeaking doors. 

6: Larger premises, we have increased a lot when it comes to the production, so we need larger areas. We need to change the production score 
so that it matches the current situation, the special orders are not considered in the production score, but they have started to fix this.  

7: Rails in the floor for trolleys and adjustable worktables, but these tables must withstand a high weight. Some form of wrapping machine 
because it takes a long time to wrap the finished blocks in plastic.  

8: The flow of information must get better, faster information up and down within the organization, especially when it comes to the large 

blocks. No one know what to do and when. I would like for everyone to have tablet with all the order information, the tablet would also make 
it easier for everyone to contact each other. 

9: Better planning on where everything should be placed, currently “everything is everywhere”. We should continue working with improving 
the information flow. 
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The following four figures show various angles of the new site. 
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The following figures shows the unloading area for the trucks in the upper yard at the top of the site.  

 

The following two figures shows the front of the factory and the parking lot for the employees as well 

as visiting customers. 
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The following figure shows the site and the road that is placed infront of it. 
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The following figures shows two different angles of the large block station inside of the factory. 

 

 

The following figure shows the factory layout with the small block station closest to the “camera” 

 


