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Abstract 

This thesis work has been written both for and in co-operation with the company IAC Group 

Gothenburg.  

The main purpose of the report is to find a new alternative material replenishment system 

which will improve the internal material flow and eliminate unnecessary work activities such 

as manual call offs. The aim is to find a new system to reduce the incidental costs incurred 

and improve customer service in quality and performance. 

Observations and interviews were conducted and an analysis of the current situation was 

made. Waste was identified in the form of unnecessary transport, specifically in milk runs, 

where time was spent looking for materials to be loaded. This creates uncertainty and may 

contribute to increased costs and poor customer service. 

Three different options for a new replenishment system were developed which were 

compared with the theory and present situation. The proposal was evaluated with respect to 

cost, available support, complexity and future compatibility. 

The analysis of the theory and current state shows the importance of a long-term solution with 

few risks of waste. The solution that best cope with this is an e-Kanban system that automates 

the replenishment system and would make manual material call offs disappear completely. 

The conclusion is that an e-Kanban system is the best long term option for a manufacturing 

company like IAC because it is highly adaptable to change, and can be integrated in the 

company’s ERP system. 

The recommendation is to implement a new e-Kanban system. First, it should be tested on a 

pilot station and then introduced to the whole production process. 

Keywords: TPS, Lean Management, JIT, Kanban, Material Planning, MRP and ERP



IV 

Sammanfattning 

Denna tes har skrivits både på och i samarbete med företaget IAC Group Göteborg.  

Huvudsyftet med rapporten är att ta fram ett nytt förslag på ett material återfyllnadssystem 

vilket ska förbättra den interna materialhanteringen och att eliminera onödiga aktiviteter så 

som manuella avrop. Anledningen är att minska de oförutsedda kostnaderna som uppstår och 

och öka kundservicen med avseende på kvalité och prestanda. 

Observationer och intervjuer genomfördes och sammanställdes i en analys av nuläget, där det 

upptäcktes en del slörerier i form av onödig transporter då milkruns ofta får åka runt och leta 

efter material som ska fyllas på. Det skapar en osäkerhet och kan bidra till ökade kostnader 

och sämre kundservice.  

Tre olika alternativ till ett nytt återfyllnadssystem togs fram vilka jämfördes med nuläget och 

teorin. Förslaget utvärderades med hänsyn till kosntad, tillgänglig support, komplexibilitet 

och framtida kompabilitet.  

En analys av teorin och nulägesbeskrivningen visar vikten av en långsiktig lösning med få 

risker för förekomst av slöserier. Det alternativet som bäst passade in på detta var ett e-

Kanban system som kan automatisera återfyllnadssystemet och resulterar i att manuella avrop 

försvinner helt. 

Slutsatsen är att ett e-Kanban system är det bästa för företaget i ett långsiktigt perspektiv då 

det är anpassningsbart till förändringar. Samma ERP system kommer finnas på alla IACs 

fabriker runt om i världen då detta är ett krav från koncernledningen. 

Rekommendationen till IAC är att implementera det nya e-Kanban systemet så fort det nya 

ERP-systemet är fullt fungerande. Först bör det testas på en pilotstation för att sedan införas 

på hela produktionslinan. 

Nyckelord: TPS, Lean Management, JIT, Kanban, Material Planering, MRP och ERP
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Disposition 

CHAPTER 1: The first chapter begins with a presentation of the background for this study. 

The problem is described and a short explanation of what the study will be about and why this 

topic was selected. The research questions of the work are presented and discussed. The 

introduction ends with a discussion of the purpose of the study, limitations and disposition. 

CHAPTER 2: This chapter consists of a short presentation of the company where the study 

has been carried out. 

CHAPTER 3: This chapter presents the different types of methods which were selected for 

this study and how they have been used. Then follows an explanation about why these 

specific methods were selected and an appraisal of any flaws they may have. Below is also a 

description of how the literature search has been done. 

CHAPTER 4: This chapter is based on a literature study and presents concepts and previous 

research on the subject needed to understand and answer the main questions in this report. 

The theories of best practice presented in the literature will then be utilized in the next chapter 

in order to evaluate the current state situation. 

CHAPTER 5: This chapter provides a description of how processes and activities related to 

the internal material supply look currently. This section aims to create a clearer understanding 

of how materials flow through the factory. It also provides a better picture how call-off works 

when new material from the warehouse to the production line is needed. 

CHAPTER 6: This chapter presents the proposed solutions which were developed during the 

evaluation of the current production system. Proposals are presented with advantages and 

disadvantages, and it is evident what the best choice for the company is when considering 

both cost and the company’s philosophy. At the end of this chapter the research questions are 

answered. 

CHAPTER 7: In this chapter, the fulfillment of the reports purpose will be discussed and what 

limitations and problems were encountered during the project. The results will be discussed, 

and it will be considered whether they can be applied to other companies in equal industries, 

and also what it would take to develop this study further. 

CHAPTER 8: This chapter is focused towards the company where the case study was carried 

out. It gives recommendations to the company about what they should do and how to solve 

the shortcomings that were discovered during writing of this report. 

CHAPTER 9: The last chapter gives brief and clear answers to the research questions. 
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IAC   International Automotive Components 

CP   Cockpit 

IP   Instrument panel 

DP   Door panel 

ATO   Assembly to order 

MTO   Make to order 

JIT   Just in time 

TPS   Toyota production system 
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1 Introduction 
CHAPTER 1: The first chapter begins with a presentation of the background for this study. 

The problem is described and a short explanation of what the study will be about and why this 

topic was selected. The research questions of the work are presented and discussed. The 

introduction ends with a discussion of the purpose of the study, limitations and disposition. 

1.1 Background 
The business environment has changed dramatically in recent years. Businesses today face 

increasing competition, wider market range and higher expectations from customers. It 

increases the pressure for companies to lower their total costs in the supply chain, shorten lead 

times, reduce inventories, expand product range, and improve reliability of deliveries whilst 

maintaining a high level of customer service and increased quality. (Umble, Umble & Haft 

2003) 

Toyota's business model has become a success story in the manufacturing industry and they 

are considered one of the world's best manufacturing companies. In the late 1980s, 

productivity was two to three times higher at Toyota than at Western competitors. (Halling 

2012) It was this that finally marked the start of the ‘Lean work’ that we have seen in the 

Western world and the writing of the book "The Toyota Way". (Liker 2009) 

The Toyota production system is considered to be the best system in the world based on the 

philosophy of Just-in-Time (JIT). The key to JIT is located in the Kanban system. Toyota has 

recently developed a new Kanban system called e-Kanban. It is a digitization of the 

previously only visual system which communicates and sends information between Toyota 

and its suppliers. (Kotani 2007) 

(Ho & Chang 2001) writes in the article “An integrated MRP and JIT framework” MRP 

(Material Requirements Planning) and JIT (Just-in-Time) can be combined to get the best of 

both worlds. MRP is an ideal tool for planning and control purposes while JIT is best suited to 

reduce costs and shorten lead times. However, this mix may be difficult to attain. Clean MRP 

and JIT systems barely exist in practice according to (Benton & Shin 1998), not even at 

Toyota, where JIT was invented. Their production is planned through an MPS (Master 

Production Schedule) with MRP based on this schedule using the input BOM (Bill of 

Materials). (Benton & Shin 1998)  

A master system is required to tie together all systems and keep track of all information that 

flows within the company. Here, the ERP (Enterprise Resource Planning) comes into the 

picture. It serves as a comprehensive system that connects and integrates all information 

within the company such as finance, human resources, supply chain information, and 

customer information. (Umble, Umble & Haft 2003) 

It is important for companies to carefully choose their replenishment methods because there is 

a balance between costs and customer service. It requires that the method is effective, 

especially in a manufacturing company. (Eriksson 2013) 
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Of all the companies that apply and are working to get their business based on the Lean 

concept it is considered to be very difficult to achieve the set goals, despite all the books and 

research papers written about Lean and Toyota. It has been shown that only 10 percent of the 

companies that have implemented Lean have managed to introduce the philosophy 

completely. (Halling 2012) 

In an article in Industry Week March 1, 2008 Rick Pay writes about the study "The Industry 

Week / MPI Census of Manufacturers" which shows that 70% of America's factories are 

investing in Lean but that only 2% of companies in the study believe that they have reached 

their goals with Lean. 74% say they have not received any positive results at all with Lean. 

(Halling 2012) 

With this great desire, which still gives low results, there is an interest to explore the topic 

further. Can a replenishment method based on these methods help a company to reach its 

goals with Lean? 

According to (Emiliani 2006) it is important that senior managers understand and distinguish 

Lean concepts: 

” Top managers who practice Lean management must make greater 

efforts to ensure they understand the true meaning of kaizen – “change 

for the better” – and the “continues improvement” and “respect for the 

people” principle, in order to achieve favorable financial and non-

financial outcomes that benefit all key stakeholders. (p.178)” 

1.2 Problem definition 
To remain a high grade of customer service IAC has a small buffer of cockpits to ensure that 

delivery to customers is always completed on time. Parts needed for the production are 

delivered to IAC by external suppliers and are transferred into the warehouse. When parts are 

needed on the production line there is a manual call-off by radio to the warehouse and new 

parts are brought out by “milk runs”.  

The system creates an imbalance in material planning and it becomes hard to keep track of 

what parts needs to be replenished and when. It can create delays, which in turn leads to 

unnecessary costs. If parts in the warehouse are missing, customers must be pre-notified to 

maintain a high grade of customer service. The earlier a lack of parts is discovered, the better 

service to customers. (Ho & Chang, 2001) 

The automotive business is very competitive and it is important to always look for new ways 

to increase efficiency in all processes. If a system is introduced in order to facilitate material 

planning on the cockpit line, it can ensure that fewer delays occur and unnecessary costs are 

avoided. (Sali & Giard, 2015) 

The main problem on the production line is that the demand for different models are uneven, 

making it difficult to plan in advance for when and what material are needed. If the material 

runs out, it will cause a stop in the entire line and lead to costs for the company. 
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1.3 Purpose 

The main purpose with this thesis is to investigate, present and evaluate three different 

replenishment methods and see which of these suit a manufacturing company best whilst also 

considering the Lean aspect. This thesis also aims to investigate how these methods affect 

production and work in the warehouse. Three different proposals were evaluated and 

presented to the company as this was requested from the outsourcer. 

The differences these methods make with regard to costs and customer service will be 

discussed. 

1.4 Research questions 
To find a good an accurate way to answer the thesis purpose, the following questions have 

been developed. 

1.4.1 Research question one (RQ1) 

How can demand-controlled material replenishment system reduce the risk 

of unexpected costs and increase the level of customer service? 

1.4.2 Research question two (RQ2) 

In which way could this affect the company's ability to become leaner? 

1.4.3 Research question three (RQ3) 

What other benefits may an automated replenishment system mean for 

employees and resources in the production process? 

1.5 Delimitations 
The thesis will be concentrated to one of the stations in the cockpit assembly line. It will 

address some of the many items needed in production and is done as a pilot project in order to 

investigate the results. The report is limited to analyzing only the material planning system 

and efficiency for the milk runs. It will not take up the savings that can be made in the 

personnel. 

Information concerning other departments which are related to the main problem, the 

replenishment system, will not be further examined. But will in such cases form the basis for 

future studies on the subject.  
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2 The Company 
CHAPTER 2: This chapter consists of a short presentation of the company where the study 

has been carried out. 

2.1 Presentation 
International Automotive Components (IAC) Group AB was founded in 2006 and is a global 

supplier of interior parts to the automotive industry. The Gothenburg plant was built in 2008 

to be close to one of its customers,; a large car manufacturer. This plant was a fusion between 

several other smaller IAC plants around Sweden and Europe. The target with the Gothenburg 

plant is to have a world class production facility. (IAC Group 2016) 

The facility in Gothenburg is 25000 m
2
 and has about 750 employees. They produce cockpits 

and door panels for a number of different car models. Some products are made from scratch 

so there are many different processes going on at the same time. (IAC Group 2016)  

IAC is the third largest interior components supplier to the automotive business in the world 

with over 160 different facilities. Their quest is to act locally and think globally to reach their 

four goals which are; Quality, Value, Technology and Stability. To achieve these goals and as 

efficiently as possible use their resources, they use a production system called IAC Production 

System. This system is based on the Toyota Production System (TPS) which is the basis for 

all lean manufacturing companies. (IAC Group 2016)  
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3 Methodology 
CHAPTER 3: This chapter presents the different types of methods which were selected for this 

study and how they have been used. Then follows an explanation about why these specific 

methods were selected and an appraisal of any flaws they may have. Below is also a 

description of how the literature search has been done. 

3.1 Quantitative method 
This method produces materials based on numbers or figures and makes quantifiable analysis 

possible. The material should also be processed and calculated quantitatively and primarily be 

statistical in nature. (Justesen & Mik-Meyer 2011) 

Quantitative research often consists of surveys with closed answers, which aim to give a 

statistically grounded description of an existing situation. They can also provide an 

explanation as to how certain conditions are linked. (Justesen & Mik-Meyer 2011) 

In this thesis, no quantitative methods are used because the results of such studies are often 

generalized to say something about similar situations. (Justesen & Mik-Meyer 2011) The 

observations made at IAC were not structured and based on controlled experiments with 

standardized coding templates which would be a quantitative method.  The Gothenburg plant 

has been formed through mergers and takes part in a test project. Generalized data does not 

suit the factory as it is one of a kind. 

3.2 Qualitative method 
A qualitative approach aims to describe phenomena in their context and present 

interpretations which then give a better understanding of the phenomenon. Unlike quantitative 

methods, where figures and numbers can be categorized, qualitative analysis is comprised of 

verbal formulations such as interviews and observations. (Justesen & Mik-Meyer 2011) 

There are different types of interviews and observations. According to (Bryman & Bell 2015) 

the most common forms are in-depth interviews, group interviews, participation and non-

participation behavioral observation. In-depth interviews means they are made individually 

and often take a little longer where the interviewer and the interviewee sit down and discuss a 

topic. Interviews in a group are when multiple people sit down together to discuss a topic. 

(Bryman & Bell 2015) 

In participant observation, often an observer is inside a group, however, this method can be 

ethically difficult to implement, depending on the degree of participation that the observer 

has. It can also affect the outcome if the observer is also the measuring instrument. (Robson 

2002) 

In a non-participant observation, or naturalistic observation as it is also called, behavior is 

observed in a natural environment without outside influence. Observer influence tries to be 

avoided as it tends to adversely affect the result. The ecological validity of this type of 

observation is high. (Robson 2002) 
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In this thesis, qualitative methods are used in the form of interviews, discussion with workers 

and observations in Cockpit (CP) production to get an accurate picture of the current state. 

Interviews were held with managers in production and logistics to create a picture of how the 

work relates to the principles of the company. In addition to in-depth interviews and group 

discussions at the company, there were also customers and suppliers that were interviewed to 

get a broader picture of the situation.  

Discussions were held with workers at the production line, which has also has been observed 

in order to get as much information as possible about how operations run and what actions 

can be improved. The observations made were using a non-participation method. It was made 

by the authors themselves who went around among the workers and took notes. It was meant 

to be as discrete as possible so that results were unaffected. Questions to the workers were 

prepared on another occasion for the same reason. 

3.3 Reliability, Replication and Validity 
According to (Bryman & Bell 2015) three of the most prominent criteria for the evaluation of 

a research are reliability, replication and validity.  

Reliability is linked to the question of whether the results of the study can be repeated. 

Reliability is especially linked to quantitative surveys where researchers need to take great 

care to ensure measurements are accurate. It all aims to determine whether the measurements 

were made in a reliable way. (Bryman & Bell 2015) 

Sometimes researchers want to replicate findings of a report because they may dispute other 

research or studies on the subject. For this to happen, the study must be repeatable, which 

means it must be clear how it is made. Otherwise, replication is impossible. (Bryman & Bell 

2015) 

In this thesis, all results and all evidence presented will be substantiated by sources which 

allows for future replication. (Bryman & Nilsson 2011) 

Validity is perhaps, in many ways, the most important criterion in research. Validity refers to 

whether the correct measurements have been made in the study in order to respond to what 

has been requested. If not, the study can be brought into question and then the reliability will 

be degraded. (Bryman & Bell 2015) 

For the validity of this thesis to be as high as possible, the results will be discussed with 

people that have a great knowledge about the subject and also compared with earlier research 

that’s been done. This research will be found in the articles and books which underlie this 

thesis. All statements and conclusions that are made will be connected to these sources in 

order to uphold a high level of credibility. 
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3.4 Literature search 

The literature that has been used in this thesis is mostly external in the form of books and 

scientific articles provided by the library at the University of Borås. Certain information and 

images are collected from the Internet. 

For the right information to be found, a number of keywords were used that were considered 

important to give good answers to the questions presented in this study. The following 

keywords were used for most of the literature search; TPS, Lean Management, JIT, Kanban, 

Material Planning, MRP and ERP. 

Internal information such as documents and presentations were provided by the IAC Group 

Gothenburg and their partners. 
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4 Theory 
CHAPTER 4: This chapter is based on a literature study and presents concepts and previous 

research on the subject needed to understand and answer the main questions in this report. 

The theories of best practice presented in the literature will then be utilized in the next 

chapter in order to evaluate the current state situation. 

4.1 Toyota production system 
Toyota Production System (TPS) is one of the secrets behind Toyota's great success. With an 

incredible smoothness of production, through operational excellence, TPS has become a 

strategic weapon for Toyota. This workflow is based on quality improvement tools and 

processes such as just-in-time, kaizen, single piece flow, jidoka and heijunka. (Liker 2009) 

TPS rests on 14 principles applied in Toyota’s manufacturing industries worldwide. These 14 

principles can be divided into four groups, all of which begin with the letter P: philosophy, 

process, people/partners and problem solving. (Liker 2009) Figure 1 shows the so-called 4P 

model. 

 

Figure 1 ”4P” model for The Toyota Way (Liker, 2009) 

The model contains at the bottom "Philosophy” which, according to (Liker 2009), means that 

decisions should be based on long-term thinking, even if it affects short-term economic goals. 

The second group is “Process” which involves finding and eliminating waste. It is done 

through creating flow in all processes in order to bring problems up to the surface. Allowing 

demand to control production avoids overproduction which is one of the most prolific forms 

of waste. It is also important to standardize processes to enable continuous improvement. 

(Liker 2009) 
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Group number 3, "People and Partners", is the principle that employees and suppliers need to 

be treated with respect. It is also important to help them grow by challenging them to meet 

their expected goals. (Liker 2009) 

The top group, "Problem Solving", refers to the aim of the company to achieve constant 

learning through continuous improvement. This principle aims to ensure that all options are 

evaluated before decisions are made and that consideration is given to understanding the 

situations behind any problems that may arise. (Liker 2009) 

4.2 Lean production 
The unique relationship that Toyota has to their production, TPS, is the basis for what people 

in the West call "lean production". For a company to have a lean operation, TPS is required to 

be applied in all areas of the business. (Liker 2009) 

Lean, as a concept, was first presented in a research project that compared different car 

manufacturers with Toyota. The research looked at buffers impact between processes, and it 

outlined that Toyota’s model aims to achieve as few buffers as possible, or ideally none at all. 

(Krafcik 1988)  

The book “Lean thinking” by Womack & Jones from 1996 presents lean operations as a five-

step process. (Liker 2009) These steps consist of defining customer value, which means to 

identify if a process creates value for the product. All processes are grouped into value-added 

and non-value added processes. In order to achieve optimum production, as many non-value 

added processes should be removed as possible. (Womack & Jones 2003) 

The second step is ‘defining the value stream’ which means that the entire value chain should 

be mapped, from first contact with the customer, right up until payment is made. Again, non-

value-added steps should be removed if possible. (Womack & Jones 2003) 

‘Creating flow’ is step number three and refers to the time after the value has been 

determined. The remaining processes must be arranged such that an even flow is created. 

Bottlenecks should be avoided in order to reduce waiting times in production. The process 

should aim to change from manufacturing in batches to manufacturing in a single flow. 

(Womack & Jones 2003) 

Step number four is ‘manufacturing to customer order’. Customers should pull products from 

the company instead of the company pushing products to customers. Nothing should be 

manufactured if it is not needed, which is linked to the JIT principle. The right product should 

be produced when required. (Womack & Jones 2003) 

‘Seeking perfection’ is the last principle. All steps above must be reviewed several times until 

perfection is achieved. (Womack & Jones 2003) 

JIT, which focuses on time, and TQM, which focuses on quality, are optimization programs 

that Lean is based on. Today, Lean is used in a large number of business types and forms 

concepts for various improvements. (Olhager 2013) 
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With lean production the company utilizes their resources in an efficient way and only the 

necessary resources are used in processes. This does not mean that resources are minimized, 

but rather that they are used in a smart way. It applies to all resources within the business, 

such as equipment, personnel, facilities, materials, capital, time, etc. (Olhager 2013) 

The companies that succeed with an implementation of Lean demonstrate shorter throughput 

time, more flexible production, higher product quality, increased customer satisfaction, higher 

productivity and better resource utilization. (Liker 2009) The method of implementation is 

showed in Figure 2. This is a never-ending process that will start from the beginning as soon 

as it is finished due to continuous improvement.  

 

Figure 2 Five principles of lean production (Lean Enterprise Institute 2016) 

4.3 Wastes 
Previously it has been mentioned that the TPS is about improving manufacturing processes. 

The processes that add no value to the end products are called "muda" after the Japanese word 

for waste. (Olhager 2013)  

According to (Olhager 2013), there are seven main types of waste. 

1. Overproduction is when the supply of product overtakes the demand. It creates 

unnecessary expense such as storage and transport costs. 

2. Waiting is when machines or tools are not available when needed. 

3. Unnecessary transport usually takes place between the various machines or stations 

because of a poor factory layout. 

4. Unnecessary inventory is when to the amount of stock is in excess of the minimum 

necessary to meet demand. 

5. Unnecessary movements are when operators have to bend, walk or reach for tools or 

material needed. The workplace should be ergonomic conducted to design a more 

efficient environment. 

6. Defects are errors that occur in the production or delivery. Repairs and rework takes 

time and is a form of waste. 
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7. Unnecessary manufacturing is when activities are more complex than they need be. 

These could be replaced with a simpler solution and processed with other machinery 

or equipment. 

8. There is also an eighth waste according to (Liker 2009) which is unused capacity of 

the employees. Key ideas and expertise may not be fully taken on board by employees, 

which may affect their productivity. 

 

Figure 3 The eight wastes (A lean journey 2015) 

Figure 3 shows all the eight wastes. The worst of these is considered to be over-production 

because it causes most other types of waste. Manufacturing products or materials without 

orders will lead to the unnecessary inventories downstream. The material will be put aside 

until it is processed which then creates unnecessary transport and movement. (Liker 2009) 

4.4 Just-in-Time 
JIT is a part of lean production and links all production to the real market demand. It is based 

on, the principle of only manufacturing the right items, in the right quantity, at the right time. 

This means that there is less work in progress at the same time which highlights problems and 

imbalances between different workstations. Normally it is common that these problems are 

hidden, but instead they can now be brought to the surface. Less work in the manufacturing 

process also reduces capital tied up in production. (Olhager 2013) 

For JIT to succeed, certain production conditions such as short setup times, small lot sizes, 

short lead times, flexible staff and a flow-oriented production system are required. (Olhager 

2013) 

4.5 Kanban 

Kanban means “card” in Japanese and is the key to the JIT production system. For optimal 

efficiency, it is important to minimize fluctuations in order quantity. (Kotani 2007) It is 
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necessary that the right components are at the right place at the right time to achieve 

flexibility and efficient workflows. Within TPS and lean, it means that only the right 

components are in place to produce a specific product. This gives a minimum number of 

components stored in the manufacturing area. (Olhager 2013) 

Kanban is a visual tool used for signaling steps in the manufacturing area. It allows workers to 

communicate more easily about what to do and when. It also creates a standardized flow 

through the plant which helps to reduce waste. (Leankit Inc. 2015) 

The main purpose of Kanban is to visualize the production such that bottlenecks and problems 

can be identified more easily. The proportion of products in the progress of manufacture is 

limited to ensure quick turnaround times. Regulating the flow of a system is prioritized, and 

continuous improvements should be constantly implemented in order to increase efficiency 

even further. Kanban is a pull system and the customer sets the pace. (Leankit Inc. 2015) 

The reason why Toyota created the Kanban system was based on the need to keep pace. 

Kanban connects processes in an invisible conveyor and was found to be an excellent way to 

promote continuous improvement because problem areas were clearly visualized. (Bergman 

& Klefsjö 2012)  

Figure 4 describes the difference between Kanban signal flow and the production flow. The 

Kanban signal flows from customer to supplier. 

 

Figure 4 Kanban replenishment cycle (Functional Guy 2011) 

4.6 E-Kanban 
The principle for E-Kanban is the same as that for regular Kanban, except that everything is 

done digitally. Toyota has recently converted their own Kanban to an e-Kanban in order to 

effectively be able to change the number Kanban cards between themselves and their 

suppliers. (Kotani 2007) 

E-Kanban is more suitable than traditional Kanban when the distance between activities are 

longer; it has also been found to be simpler and more efficient to implement. The system is 
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managed entirely by computers, unlike the past where everything was handled manually by 

workers. At Toyota, this has led to benefits such as fewer inventories and the ability to 

respond to changes faster. It has also led to a greater efficiency in the control of the entire 

Kanban system. (Kotani 2007) 

4.7 5s 
When US companies were visiting Japan in the 1970s and 1980s they were astonished by how 

clean the factories were. A concept that makes this possible, and often mentioned in 

connection with lean, is 5s, which is a prerequisite for a production without waste. 5S 

represents five words that all begin with the letter S: Sort, Set in order, Shine, Standardize and 

Sustain. (Bergman & Klefsjö 2012) 

This is how (Bergman & Klefsjö 2012) describe the 5s principle: 

1. Sort, is not just to sort and classify things into groups, but also to ensure that all things 

that are not needed should be removed. The space available is to be utilized in an 

efficient manner which will also be evaluated when purchasing new tools and 

supplies. 

2. Set in order, is all about efficiency. This means that each unit, for example, machines, 

tools, workers and assembly stations, each have their specific location. The location 

should be carefully chosen in order to optimize how the work is completed. 

3. Shine, meaning cleaning must be undertaken to ensure a tidy workplace where 

disorder is prohibited. The work should be documented with pictures to create routines 

and make a good impression on visitors. 

4. Standardize aims to create the absolute best place to work. It is a necessary aspect of 

creating order in the workplace. Standardized labeling using color is a way to clarify 

discrepancies. 

5. Sustain, is usually the most difficult to succeed with. It's about achieving and 

improving a pre-determined standard. The purpose is to create order on a voluntary 

basis without interference from management. 

 

Figure 5 5s workflow (Minnesota Office of Continuous Improvement 2016) 
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Figure 5 shows that the 5s is an iterative process which allows a system to constantly 

improve. 

Active work with 5S reduces the risk of disturbances and problems. It is part of systematic 

improvement work, but requires support within the whole organization if it is to operate 

correctly. (Bergman & Klefsjö 2012) 

4.8 Manufacturing Planning and Control 

The main purpose of MPC is to effectively manage the flow of materials in production, 

human resources and tools to quickly respond to customer demand. (Jacobs 2011) 

An MPC system is necessary and vital to be able to quickly respond to changes in the system 

which is the key for successful production (Jacobs 2011). The fundamentals of MPC are to 

match supply with demand in terms of production volume and mix, and therefore it is often 

said that MPC should support the company's manufacturing and market strategy regarding 

customer demand. (Olhager & Rudberg 2002) 

 

Figure 6 Manufacturing planning and control (Jacobs 2011) 

Today MPC systems are usually embedded in a company's Enterprise Resource Planning 

(ERP) system. Many important parts of a business are reflected in its ERP system, where an 

MPC system will have contributed to the activities used frequently in the manufacturing 

process. The MPC diagram in Figure 6 is the key to all ERP systems; it demonstrates how 

activities on a company’s supply chain are coordinated with both customers and suppliers. 

The MPC system is divided into three parts to check a company's planning and control of all 

operations in manufacturing. (Jacobs 2011) 
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The top part is the front-end; this phase divides activities and systems for the overall planning 

and control of the company’s production. This includes resource planning, which is controlled 

by forecasts, demand and the company's manufacturing capabilities. This is the basis for sales 

-and operation planning (SOP). SOP balances sales / marketing planning with available 

production resources where the company decides an overall strategic plan for manufacturing. 

(Jonsson & Mattsson 2009)  

The information is linked through to a Master Production Schedule (MPS), the front-end 

system which further processes the information from the SOP and compiles the input to the 

production schedule. MPS translates SOP and creates a plan for specific products to be 

manufactured in order to meet future demand. SOP aggregated planning show both the final 

and future products in MPS and when the products are available for shipment to customers. 

MPS summarizes and prepares the creation of a specific product plan of production that is 

closely compatible with the MRP system. (Jacobs 2011) Figure 7 visualizes the inputs and 

outputs of an MPS system. 

 

Figure 7 Master production schedule (Apics Forum 2012) 

The second part, referred to as the ‘engine’, maintains the set of MPC system for detailed 

material and capacity planning. MPS feeds information directly down to the detailed material 

planning module called Material Requirements Planning (MRP). MRP is used to calculate the 

material requirement for companies that perform many different types of manufacturing. 

(Jonsson & Matsson 2009) The system then creates time-based plans based on when materials 

are needed and how much to produce, according to the MPS schedule. A material plan can 

then be utilized in the detailed capacity plan to determine the production capacity necessary to 

manufacture all parts. (Jacobs 2011) 

The Last part, known as the ‘back end’ is executive phase of an MPC system. Treatment of 

production variation and parts, from suppliers and deliveries, occurs; this is often done 

utilizing the JIT principle. Back-end uses a system called Production Activity Control (PAC) 

which handles the implementation of detailed production plans. These are given by the MRP 

system, usually via JIT, which manage the physical handling of materials and products 
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according to customer needs. This phase involves the handling and detailed material planning 

for order release both internally, in the manufacture, and externally, to / from suppliers. This 

applies both to receipts of new raw materials and delivery of final products to the customer, 

where the exchange of detailed plans occurs at the working floor for managing supplies in and 

out of the company. Supplier systems provide important information for suppliers. (Jacobs 

2011) 

4.9 Enterprise Resource planning (ERP) 
ERP is an IT system which consists of a collection of software which provides tools and 

information for administrative guidance and control operations. The system is often made up 

of a number of modules, such as financial, manufacturing, logistics, sales and marketing and 

human resources. ERP is characterized by its level of cross-functional integration. (Gattiker 

2007) Figure 8 shows an ERP system with a scope of applications. 

 

Figure 8 Enterprise resource planning (Jacobs 2011) 

ERP is comprehensive software that consists of a large database in which a large amount of 

information is exchanged. The integration of an ERP system is done through a database that is 

shared by all of the programs or modules that cater to all the information needs of all business 

processes within a company. EPR provides an integrated view of the core business processes 

in real time, through the database, which is shared between all functions in the company. 

(Jacobs 2011) (Jonsson & Matsson 2011) 

The exchange of information is an important element which can be used to measure the 

quality of the ERP system. Four key elements are described by (Jacobs 2011) as essential to a 

good ERP system. 

1. The software should have multi-functional range so that it is able to track customer-

specified results. 
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2. The software needs to be integrated so that information can be exchanged. When a 

transaction of data represents an activity of the company, in a particular function or 

module, the data related to the second, or other functions, also change. 

3. The software should be integrated in the modular structure so that the functions can 

either be combined in a single system, or in small bands with software from another 

application /source. 

4. The software must facilitate classical manufacturing planning and control activities. 

4.10 Material requirements planning (MRP) 

MRP is a computer-based planning tool for production and inventory control that manages 

and schedules the manufacturing process. It is a way to execute the detailed materials plan for 

components and parts for easier compilation into finished products. Two of the main features 

of MRP are the creation of materials requirements by exploding the bills of material and time-

phasing of requirements using posted average lead times. The fundamental principle of the 

MRP is to not schedule a new production order until a net requirement of products appears. 

MRP is essentially a philosophy that is about providing the right materials in the right amount 

when needed (Plenert 1999). Figure 9 represents the central role in the detailed material 

planning function. 

 

Figure 9 Material Requirements planning (Jacobs 2011) 
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MRP function has a central role in the engine phase, in which the system is well suited for a 

lot of material and complex environments of the bill of materials (BOM). (Jacobs 2011) 

(Jonsson & Mattsson 2009)  

An MRP system is intended to meet three objectives: (Jacobs 2011) 

1. Ensure the availability of materials, components and products for planned production 

so that they are available for customer delivery. 

2. Maintain minimum stock. 

3. Plan activities in the production, delivery schedules and purchasing. 

MRP has a key role in materials planning and control. The system translates the overall plans 

for production for individual detailed steps necessary to complete these plans. This requires 

that the MRP schedule and planning for production get the essential input to complete 

production in the way that customers demand. The MRP system has three basic inputs in the 

form of: (Jacobs 2011) 

1. An overall planning of demand and resources that MPS provides. 

2. BOM lists of the components and parts included in a specific product. 

3. Material availability to know how much material is available on hand, how much of 

this material already has associated needs and how much has already been ordered. 

4.11 Material Control 
Material control aims to determine, for each individual article, the quantities and timing of the 

manufacturing and purchase orders created; the aim being to initiate material flow and satisfy 

existing needs. In the broader context, material control is about to balance material needs to 

the availability of material in the flow in the most cost-effective way possible. The ‘flow of 

materials’ refers to the flow of material from supplier to the company, material during the 

manufacturing process and material in the form of finished products to customers. This is the 

material flow which initiates the different orders. (Jonsson & Matsson 2011) 

The goal is to achieve these material flows as effectively as possible giving regard to tied up 

capital, delivery service and resource utilization in the company. (Jonsson & Matsson 2011) 

express that material control principally aims to answer four basic questions: 

 For which articles are new orders scheduled? 

 How large should the order for the respective article be? 

 When should the order for a respective article be outsourced to the supplier, and when 

should a business start their own production? 

 Should orders for respective articles be delivered into stock, directly to production or 

direct to customers? 

Often material control is characterized by either pull-or pushed based control. The two types 

differ in the manner in which they handle the material flow in the company.  
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 A push based flow is when production and material movement only takes place at the 

initiative of the customer order.    

 A pull based flow is when production and material movement is authorized through a 

central management system, where decisions are made in the form of plans and 

commands. (Jonsson & Matsson 2011) 

4.12 Milk Runs 
Milk runs are used in logistics as a predefined round trip that collects or distributes material 

within the plant, or from suppliers. Goods are collected from suppliers or warehouses and 

transported to different destinations. Milk Runs collect goods from multiple sources and 

combine several transportations into one. (Nemoto, Hayashi & Hashimoto 2010) 

One of the benefits of Milk Runs is that they allow a higher utilization of trucks, which results 

in a reduction of transportation costs. (Nemoto, Hayashi & Hashimoto 2010) 

4.13 Material Replenishment 

Replenishment is the relocation of inventory, for example, from stock to the production line. 

The aim is to keep inventory levels at a steady level that respond to the demand and prevent 

costly inventory overstocking. Some of the most important factors for material replenishment 

are lead time, order quantity and replenishment intervals. (BusinessKnowledgeSource 2010) 

The replenishment strategy can be defined with MRP system in combination with lot sizing, 

various safety stocks, lead times and other indicators. (Goehring 2012) One way to handle 

replenishment is with using Re-order point systems. Re-order point is a method for planning 

new manufacturing orders regarding to balance demand and supply so that the material flows 

will be as synchronized as possible. This means that different material replenishment systems 

can be used. (Jonsson & Matsson 2009) These have different characteristics and are more or 

less appropriate in different planning environments to best handle the replenishment. Re-order 

point system is a comparison between available quantity in stock and a reference quantity 

called Re-order point. When stock falls below given reference quantity called Re-order point, 

reordering takes place to replenish stock. (Jonsson & Matsson 2011) 

There are several different types of replenishment systems and the most widely used is "Plan 

on demand" (PD), which also require the most manual. It characterizes PD is the waiting 

needs before anything is done. If there is a demand, a process is executed to cover it. As long 

as the lead time is too long, this creates any problems. (Goehring 2012)  

PD can be combined with a safety stock or a part forecast to cover up for disadvantages that 

may occur by running PD in its purest form. (Goehring 2012) The MRP system can be used 

for planning independent material requirements. This method is called “time-phased order 

point” and may be regarded as an alternative to the traditional re-order point. (Jonsson 2008) 

To get a protection against uncertainty in the requirements and supplies a safety stock or 

safety time can be used. (Jonsson 2008) The safety stock level is set as a trigger point for new 

replenishment so that material does not run out completely during the replenishment lead 

http://scn.sap.com/people/uwe.goehring
http://scn.sap.com/people/uwe.goehring
http://scn.sap.com/people/uwe.goehring
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time. The reorder level is set differently and depends on the prediction of consumption and 

the replenishment lead time. The reorder level needs to be higher if the lead time is long. 

(Goehring 2012)  

   

http://scn.sap.com/people/uwe.goehring
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5 Current state 
CHAPTER 5: This chapter provides a description of how processes and activities related to 

the internal material supply look currently. This section aims to create a clearer 

understanding of how materials flow through the factory. It also provides a better picture how 

call-off works when new material from the warehouse to the production line is needed. 

5.1 Data collection 
During the first weeks of the project, observations and a qualitative data collection were 

made. Information has also been gathered continuously throughout the whole project through 

interviews, internal documents, scientific journals, books and the internet.  

5.2 Plant data 

Production follows the same pace as their customer has in the car production. The finished 

products are then delivered with a “Just in time” philosophy. 

To maintain a high standard of customer service IAC has a small buffer of cockpits to ensure 

that delivery can be completed in time, all the time. Parts are delivered to IAC by external 

suppliers and are transferred into the warehouse. When material is needed at the production 

line there is a manual call-off by radio to the warehouse stock and new parts are brought out 

by “milk runs”.  

IAC have several different production areas and assembly lines. The two largest are the 

Cockpit (CP) and Door Panel (DP) production lines, but there are also some smaller 

production areas where glove boxes and panels are processed. The large variation with many 

advanced processes requires a large space which creates a complex material flow within the 

factory. CP modules convey a long distance through the factory before it finally reaches the 

place where they are assembled into finished products. This internal transport takes place 

automatically across rails in the ceiling. All other surfaces that are not occupied by 

workstations or warehouses are aisles for workers, forklifts and Milk Runs.  

The focus of this study is on CP production were the replenishment system is examined which 

is described in depth in the next section. 

5.3 Cockpit production 
The facility’s largest manufacturing area is CP production. It consists of both production of 

items such as casting and milling of plastic parts and also assembly of already-finished parts 

on a production line. 

 Production can be divided into three main parts: 

 Production of parts from raw materials. 

 Assembly of manufactured parts to Instrument panels (IP). 

 Installation of IP together with the remaining parts into a finished CP. 

The assembly takes place in a so-called U-line where all assembly stations are located in a 

line formed liked an U. U-line is a standard layout that is often used in factories with a JIT 
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philosophy (Miltenburg 2001). The main line in IAC´s plant has 28 different working stations 

for assembly and inspection. An example of a U-line is shown below in Figure 10. It clarifies 

how the material enters at one end, travels through all stations and comes out the other end as 

a finished product. 

 

Figure 100 U-shaped Assembly Line (Mbanetbook 2012) 

At each station one product is processed in a certain time in a continuous flow, the current 

pace is about 50-55 units per hour. It takes anywhere from 40-60 minutes to assemble a 

complete CP. IAC's customer determines the pace and tact time of the production line in order 

to deliver Cockpits in right time. This leads to a stop in the IAC plant if the customer's plant 

stands still. Everything produced is already tied to a customer order exactly as the JIT 

principle says. All production is therefore a direct customer order in a so-called Make-to order 

(MTO) strategy where the customer completely determines what should be produced (Jonsson 

& Mattsson, 2011). 

If the assembly line suffering by a stop, a buffer of IP can still be manufactured and prepared 

for later processing. This also creates a protection against own downtime in the factory and 

provide an opportunity to maintain a high level of customer service. 

CP production is based on specifications from the customer and can be assembled in millions 

of different combinations.  

5.3.1 Instrument panel production 

In addition to the main line there is also a small parallel line with seven different stations, this 

is where IP is assembled. Material from the buffer stock which consists of parts made in 

another division of the factory are assembled together with more articles and then linked with 

the right product at the CP line (main line). 

The pace of this line is the same as in the main line and each IP being assembled is coupled to 

a CP on the main line. 

Assembly of airbags is made during processing of the IP line and this station has been closely 

observed during this study. There are 14 different variants of airbags which are mounted on 

different CP depending on the vehicle model and equipment level.  
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5.4 Material flow 

The following describes how material currently flows through the plant at present time from 

the warehouse to the production line. It also explains how the material call-offs are made and 

how the replenishment system works. 

5.4.1 Material Call-off 

As previously mentioned close observations were made at the airbag mounting station. 

Behind the station is a material exposure with fourteen different kinds of airbags. These all 

have a unique part number and are located in different containers. A container contains 

around 50 airbags which is sufficient depending on which models that will be most frequently 

assembled. 

There is no elaborate standard on IAC of exactly how or when the material is to be 

replenished. When an item runs out it is announced to the factory's Milk Runs manually by 

radio. It is the staff at the station that notifies of shortages by calling for more. Staff working 

with the Milk Runs retrieve the empty container and replace it with a new one. The call off is 

made on the same radio channel used by all stations on the line. Call offs can easily be missed 

due to high radio traffic and may need to be redone. The person receiving the message must 

also remember where it should be replenished and in which order. 

If the message is missed or given at the same time as several other call-offs, it may take some 

time until the filling is completed. It sometimes creates delays at the line because of missing 

material. 

5.4.2 Material Replenishment 

Replenishment of the material exposure is at current state done by the company's Milk Runs. 

It is an unbalanced process without clear structure. At every location on the materials 

exposure there is a list of how much material it should contain. This is not particularly 

efficient, due to the fact that Milk Runs often search for material that needs to be replenished. 

A lot time is spent searching and driving around, which is a form of waste outlined by lean 

and the eight wastes. When a call is received there is often a rush to refill, and it leads to 

empty packaging is being left standing in the aisles, close to the line. 

When the material is missing at the line, it can, in a worst case scenario, lead to a stop in 

production which results in time being wasted while waiting for the production to resume. At 

present, this happens about once a month due to lack of material. 

At the beginning of each shift, the shift leader goes around to all stations and checks on what 

needs to be replenished. It takes a lot of time but is needed to prevent shortage of material 

during assembly. This round takes up to 30 minutes every time and causes stress among the 

shift leaders. This can also be counted as a waste because it is not a value adding activity. 

5.5 JIT Production 
The production line uses the JIT philosophy with a large focus on the 5S principle, but 

struggles with material replenishment from warehouse to the material exposure. The 5S 
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principle is used in the operations and for tool placement at the stations. There are clear lists 

on how 5S work should be done and each shift is graded based on the fulfillment. 

Every product is tied and manufactured for customer demands. Orders dictate when the 

manufacturing of products should begin. Without any customer orders there are no 

manufacturing.  

The material supply in JIT production to the manufacturing line is not working as it should be 

according to lean principles. Material should always be available at a predetermined level at 

each assembly station on the production line. Each station is working one panel at the time 

and always has a pre-determined buffer of material available and enough items to assemble 

products. It is often a lack of material compared to what is predetermined at the production 

line that limits production. 

5.6 Production schedules 
The ERP system is used on a daily basis for planning and managing areas of the business. The 

system consists of a collection of different software that provides information and 

administrative planning and control operations for each department. The ERP connects all 

parts of the business together into one big software database for managing the company.  

The ERP system provides different tools that are being used in the company’s daily 

manufacturing process. For example the MPC system provides the master production 

schedule and material requirements planning. 

The systems exist at IAC but the use of them differs from what the practical theory states. The 

master production schedule MPS is provided by IAC´s customers. The MPS provides an 

exchangeable data which contains actual manufacturing orders, what and how many different 

cockpits to produce. This schedule is sent to IAC and is manufacturing plan for customer 

orders covering a specific period of time, which has to be produced and delivered. 

From the MPS, IAC is planning the material requirement so that all products could be 

manufactured at right time. The MRP system is only being used to plan and order material 

from suppliers for use in production. The MRP isn’t being used as a tool to follow and keep 

track of the manufacturing processes with materials and recourses in the production flow. The 

system is carrying exchangeable data information in the MPS system which outlines the 

material requirements for a given period in the manufacturing process. Despite this, the MRP 

is not synchronized with the actual need of material at the manufacturing stage, which could 

be used to track materials and improve replenishment efficiency at the production line. 

5.7 Issues with material replenishment 

The main problem with the replenishment system is that it creates stress among workers and 

disarray among materials according to Mathew
1
. When material is missing, a wait occurs and 

time is wasted. The trucks in the warehouse and milk runs operate unnecessarily which is 

                                                 

1
 Alex Mathew Supply chain planner at IAC Group Gothenburg, personal meeting March 18

th
 2016.  
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another source of waste. Ultimately, it has the potential to result in poor customer service if 

deliveries are missed due to missed material in production. 

In conversations with workers and shift leaders, it seems clear that the material supply to the 

production line is a problem. It creates a lot of extra work and a change would be positive for 

all, then energy instead could be spent on other activities such as continuous improvement. 

At present, 90- 92% of the finished products are flawless, which means that one out of ten is a 

defect. In terms of lean, one out of ten is a bad result and should be a bit better. This result 

may be a direct consequence of stress and carelessness in the assembly at the production line. 

The defects are often of such a nature that they can be corrected at an additional station in the 

end just before delivery. But as mentioned before, over processing is a waste. (IAC Group 

2016)  
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6 Analysis 
This chapter presents the proposed solutions which were developed during the evaluation of 

the current production system. Proposals are presented with advantages and disadvantages, 

and it is evident what the best choice for the company is when considering both cost and the 

company’s philosophy. At the end of this chapter the research questions are answered. 

6.1 Replenishment systems 
Three different proposals were developed after the evaluation of the current system as an 

alternative for the ineffective and problematic material replenishment system. The systems are 

compared according to the following four statements. 

1. Installation costs 

2. Running costs 

3. What kind of possible support is available? 

4. Installation complexity 

All the systems presented in this section support the philosophies within the company such as 

Lean and JIT. At the bottom of this chapter is a summary in the form of an evaluation matrix 

that clearly shows the advantages and disadvantages of the various systems. 

6.1.1 Proposal 1 - Zebra WhereCall 

Zebra Where Call is a simple wireless device that helps to create a wireless material 

replenishment system. It is designed to be easily mounted at the side of the line without any 

wires connected. By pressing the green button on the device shown in figure 11 a signal is 

sent that new material is needed and the eight-digit LCD display provides the operator with 

feedback as it displays the time elapsed since the order was made. (Zebra Technologies 2012) 

This action creates a flow within the replenishment process and any non-value added 

processes can be removed. (Womack & Jones 2003) 

 

Figure 111 Zebra WhereCall V (Zebra Technologies 2012) 

When material levels at the production line drops below a predetermined level, re-order point, 

the button should be pressed to indicate that replenishment is needed. The material quantity 

below the re-order point is the expected consumption during the replenishment lead time plus 
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a safety stock to protect against unpredictable variations in demand. (Jonsson & Mattsson 

2011) According to (Goehring 2012) this can be made through different replenishment 

methods, which all have in common that a single point trigger the replenishment.  

The advantages of having a completely wireless system according to (Kotani 2007) are that 

changes to the line are easily made without being time-consuming or incurring huge costs. 

The units can also be easily programmed to display custom messages for different stages in 

production. (Zebra Technologies 2012) 

Each unit is connected to a unique article and a specific workstation. When orders are made a 

wireless signal will be sent to a WhereLan Location Sensors (LoS), which sends the signal to 

the replenishment system or like on IAC, the warehouse. The system can also be programmed 

so that an order can be canceled with a new press on the button. The battery life of the devices 

has a typical duration of five years and can then easily be replaced. (Zebra Technologies 

2012) 

Zebra Where Call is a hybrid between traditional Kanban and e-Kanban. The system is based 

on the same principles and visualizes the flow for various processes. Problem areas can easily 

be detected and handled. (Bergman & Klefsjö 2012) The advantages offered by Zebra Where 

Call include less manual handling when call-off is made for new material. The risks that 

messages are not passed through the radio are cleared. 

Installation costs: The network device with LoS costs about 20,000 SEK. Then, a cost of 

about 500 SEK will be added for each wireless device. In a large factory, there is a need for 

more LoS stations to cope with the great distances. 

Running costs: When the system is up and running the costs will be low but someone needs 

to be responsible for keeping the system accurate. Article numbers needs to be updated and 

linked to the right item in the warehouse. Also the inventory levels have to be adjusted within 

the system.  

Possible support: Zebra has their Swedish support center in Stockholm which will affect the 

service grade negatively.  IAC´s largest customer uses this system and may be able to help 

when problems occur. 

Installation complexity: This system will be simple, depending on the extent and relatively 

easy to implement. What could take a longer time and be more complicated is the integration 

between this new system and the existing warehouse- and the production-system. It all 

depends on how much information should be linked and how much information that should be 

available for operators. Some people should be trained in how the system operates and be 

responsible for keeping the system up and running. 

6.1.2 Proposal 2 – Kanban cards 

Kanban is a concept in JIT which has been mentioned earlier in this report. It is used as a sort 

of schedule to see what, when and how much to be produced. It allows the workflow to be 

http://scn.sap.com/people/uwe.goehring
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visualized which means problems and bottlenecks are identified and can be solved faster. 

Where most Kanban cards stops, there the bottleneck can be found. (Leankit Inc. 2015) 

Kanban cards are small plastic cards which contain information such as part number, 

description, quantity, picking location, delivery location, etc. Examples of how these cards 

looked at IAC's factory in Genk can be seen in Figure 12. 

Kanban aims to create a pulling system where the customer is the one who pulls. At the 

production line there is a minimum material level determined that, once reached, triggers a 

refill; a signal is sent to the Milk Runs that a refill is required. The Kanban card is the most 

important part of a Kanban system because they signal that the materials have to be moved 

within the factory or from a supplier outside into the factory. 

When a container becomes empty the Kanban card is moved over from the load carriers and 

then triggers a signal that the next replenishment can be prepared. The same applies to all 

downstream processes; work is performed only when a signal is given. It may also be that 

Kanban cards have to come up to a certain level before they trigger work. 

 

Figure 112 IAC Genk Kanban card (IAC 2011) 

The advantages with traditional Kanban cards are many in relationship to the simplicity of the 

system. Physical Kanban cards can in an easy way visualize and improve the flow of material 

and signal replenishment. When a card is linked to a product with containing information it 

triggers material replenishment when the cards are moved in the process. 

Installation costs: Installation costs are very low with traditional Kanban cards; the plastic 

cards have a negligible cost. The number of cards will change over time and new cards will 

need to be made. But there will never be any big expenses. The system is quite easy to 

implement and will not require any special training for staff. 

Running costs: Keeping the system running does not cost much either. Someone needs to 

keep track of and update Kanban cards, and Cards must also be renewed if they are lost or 

need new tasks, such as location or part numbers. 
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The more cards that are used, the more administrative work is required. 

Possible support: If the system becomes specialized to the production at IAC, then no 

specific support would be available. Support and help can be given through companies that 

work with Kanban, but it is best to have one or two responsible people within the company 

who is are responsible for the support and operation of the system. 

Installation complexity: Kanban is easy to implement and does not require much training. It 

is a standalone system that is not connected to the company’s IT system, making it less 

complicated to install. It is both quick to get started and also to notice an improvement of the 

material replenishment.  

6.1.3 Proposal 3 – QAD e-Kanban  

QAD cloud ERP is an enterprise resource planning system for managing and controlling 

development for global manufacturers. (Gattiker 2007) ERP applications are suited and 

designed to support and address all needs for global manufacturers. (Jonsson & Matsson 

2011) Together they can be combined in applications that best suits individual companies. 

The application that would best suit IAC is the automotive manufacturing system that 

contains the application “lean manufacturing”. (QAD 2016) This application is part of an 

MPC system for effectively manage the flow of materials in production to quickly respond to 

customer demand. (Jacobs 2011) The MPC should also support the company´s manufacturing 

and market strategy. (Olhager & Rudberg 2002) ERP system function MRP, the planning and 

control of material will make a significant difference. MRP responds better to high variation 

in demand and aims to provide and plan right materials in right amount when needed. (Plenert 

1999) 

Lean Manufacturing is an extension of the QAD application for planning and control. (QAD 

2016) The function is developed and based on Toyota’s production system, and supports 

continuous flow and pull techniques in a demand driven manufacturing system. (Liker 2009) 

The functions are to decrease costs, reduce lead time and improve inventory movement 

efficiency. With integrated Kanban, business processes should be streamlined, resulting in an 

elimination of waste, improved quality and better management of inventory. (Olhager 2013) 

Together in combination with the One of Kanban’s primary functions as a Lean 

Manufacturing application is to visualize the need of new material and products. (Bergman & 

Klefsjö 2012) Electronic Kanban helps to manage the amount of inventory within the value 

stream, using principles as buffer management and pull-replenishment. These techniques use 

sizing tools that are quickly and effectively respond to changes in demand or mix. E-Kanban 

helps to reduce manual handling of Kanban cards. This may lead to benefits such as fewer 

inventories and the ability to respond to changes faster. (Kotani 2007) 

When using an ERP system together with JIT, the best from both can be combined into a 

hybrid system. (Nagendra 1999) ERP will as earlier mentioned, plan and control the 

availability of material while JIT will make the production execution phase more efficient. 
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The e-Kanban improves overall manufacturing for better dealing with volume and mix in 

order to reduce total costs. (Kotani 2007)  

Installation costs: Since IAC already are integrating QAD as their new ERP-system, it is 

hard to estimate the extra cost for this extra implementation. Potential costs can be overlooked 

because it’s possible that no extra charges will appear.  

Running costs: The complete ERP system is a big expense for the company. While running 

the system, costs will be relatively low in relation to the installation. It is a complex system 

that requires people carrying out updates and maintenance which can results in a slightly 

higher cost then the other presented systems. The system could also come with a user fee 

every month or similar but that is not for certain. 

Possible support: Since the whole IAC concern is using the QAD Cloud ERP-system, the 

support could be exchanged between worldwide IAC plants. QAD has also got a proven good 

support located in USA that’s available 24/7 for all kinds of costumer services. The QAD 

support always provides support when needed such that the system never needs to stop. As a 

costumer, you are given a username and password to always use a self-providing service, or a 

personal support with QAD’s experts. Since QAD now are connected to 90 different 

countries, which use their resources, they can provide a good global service that consists of 

over 700 support staff personnel. 

Installation complexity: QAD Cloud ERP is whole new business system which is a very 

complex system to implement. Every department inside the company has to be connected and 

implementing the new ways of working. The hardest part is not installing the program; it is 

scaling the system and linking it to the company that makes it very complex. When the 

installation of the new ERP system is up running, the Kanban module wouldn’t be hard to 

install and use for replenishment in production. 

6.1.4 Evaluation 

To get a better picture of how the proposed systems compare an evaluation matrix has been 

developed. Each proposal has been scored from 1-5, with 5 being the best. Low cost gives a 

high score (maximum 5) which is the same for good support. A complex installation provides 

a low score (minimum 1). The system with the highest total score is seen as a winner in this 

matrix. The results are shown below in the “Evaluation matrix” in Table 1. 

The ranking was made on the basis of the given parameters written about in the presentation 

of each proposal. Rating of the systems has been based on a long-term perspective in which 

each proposal’s information has been set in relation to each other. 
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Table 1 Evaluation matrix 

Evaluation of replenishment systems     

 Proposal Name Installation Running Support Installation Future Total 

    cost cost   complexity compability   

1 Zebra WhereCall 3 2 2 2 3 12 

2 Kanban 5 4 1 4 2 16 

3 QAD e-Kanban 2 4 5 2 4 17 

As seen in the table there is no big difference between the three systems. The two that come 

out on top are traditional Kanban and QADs e-Kanban.  

6.2 Toyota production system 
As mentioned earlier in the report's theoretical part, TPS is based on 14 principles which are 

divided into four different groups. The first group, "philosophy", can be linked to the results 

of this study; a solution should be based on long-term thinking, even if it is at the expense of 

short-term profits. 

Group number two is about the elimination of waste in situations linked to replenishment. 

There are wastes such as waiting time, unnecessary work and unnecessary transportation. 

In the top group (Liker 2009) states that constant learning comes through continuous 

improvement. All decisions should be based on facts and it is important to understand the 

underlying problem. 

This is also linked to the third group, which is all about meeting employees with challenges 

and treating them with respect. This is to achieve the best possible results. 

6.3 Lean production 

Value stream, step number two, clearly defines that all materials and finished products must 

be tied to customer orders. Value stream consists of the entire flow from the first contact with 

the customer until the payment is made. (Womack & Jones, 2003) In this study, the value 

stream is split into two parts, and the part that been studied focusing on the value stream from 

supplier to the production line. In the stream, there are several activities that are non-value 

adding. Material has no definite place in the warehouse and is often not recorded upon arrival. 

It creates an uncertainty in what material is available for production. 

The third step is to create a continuous flow between processes. A standard that determines 

when the material should be replenished will help to create a good flow. 

With the current system, the replenishment process is uneven, as shown by the waste that 

arises. 

6.4 Just-in-Time 

JIT works well in manufacturing as all the products are tied to customer order and 

manufactured only when needed. Although JIT is used on the shop floor it does not fully work 

just as observed in the replenishment process. The problem is therefore not brought up to the 



- 32 - 

 

surface, and instead remains hidden as are common in this type of business where the 

implementation of JIT is not succeeded entirely. (Olhager 2013) 

6.5 Kanban 

All three proposals for solutions developed during the study contain some kind of visual 

control. An e-Kanban integration can be both smoother and more efficiently than a traditional 

Kanban system. (Kotani 2007) It is also more suitable for IAC according to the observations 

made due to the factory’s layout and the complex distances between different processes. 

IACs plant in Genk, Belgium, introduced a traditional Kanban system at its factory in 2011. It 

worked out well at first, but was subsequently judged to be ineffective due to the manual 

handling of plastic cards. Then a variant of the system was created in which certain parts were 

digitized and it approached an e-Kanban system. This system worked well and was used for a 

few years until the plant was shut down. 

An e-Kanban would smooth out the flow and create a stable process with fixed predetermined 

trigger points for refilling the material. Supplies and materials exposures can be reduced to a 

minimum which is one of the goals with TPS and Lean. 

6.6 Enterprise resource planning 

An ERP system is a collection of software programs that together constitute a company's 

entire IT system. At IAC, this various software is not fully interconnected as they should be. 

MPS is provided by the customer, with specific information on exactly what should be 

produced. The information is then transferred to the MRP system that is used only for the 

purchase of materials from suppliers. 

Presently, it is common for an MPC system to be embedded in the company's ERP system, 

linking just as the theory tells, MPS, MRP and PAC to effectively manage the flow of 

materials in production. (Jacobs 2011) 

If the systems had been compatible with each other, the information could have been used in 

more parts of the company. If the information in the MRP system could also be used in 

production, together with JIT like a hybrid system, the best of both worlds could be 

combined. MRP is a better tool for planning and control, and can be used on the shop floor 

with JIT which is ideal for this execution. (Nagendra 1999) 

MRP contains information that makes it possible to introduce an automated refilling system. 

QAD is a complete ERP system already containing all the software and connections that make 

such work possible. It would create benefits and provide better control of the material flow 

within the factory. It can also counteract some of the wastes found. 

6.7 Answers to research question 1 (RQ1) 
Which demand-controlled material replenishment system best reduces the risk of unexpected 

costs and increases the level of customer service? 
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Previous research together with the observations carried out, points for need of long term 

thinking when taking important decisions regarding operations in the company, such as, 

material supply for the production line. 

QAD's e-Kanban is considered to be the best option based on theory and the case study. It is 

part of a whole complete ERP system which offers many benefits when all information 

regarding the company is gathered in the same place. E-Kanban is a system that works well 

according to (Kotani 2007) as Toyota who is class leaders in manufacturing uses this. An e-

Kanban system utilizes computers and has a good ability adapt to changes and to change the 

numbers of Kanban cards. (Kotani 2007) 

QAD is a complex system to implement as it is based on a complete ERP system. In the short 

term it will result in increased costs but is the best solution in long term because it is 

adaptable even if the business is changing. E-Kanban plans and monitors the movement of 

material in production as smoothly and efficiently as possible. Lead time and non-value added 

activities actively minimized creating a better material flow. 

If materials replenishment works flawlessly and become less dependent on manual call-off, it 

reduces the risk that a shortage occurs. This in turn leads to fewer unexpected costs, fewer 

stops, and more control in what, and how much material is needed, whilst also increasing 

customer service given that material shortages and problems can be notified in time to the 

customer.  

6.8 In which way could this affect the company's ability to become 

leaner? (RQ2) 
The company is currently working with lean in different parts of the business, 5S principle is 

something permeates all operations, and works well in most departments. By introducing an 

e-Kanban materials replenishment system, the proportion of Lean processes will increase and 

make the company even more compatible with the lean philosophy. 

6.9 Answers to research question 3 (RQ3)  
What other type benefits may an automated replenishment system mean for 

employees and resources in the production process? 

An automated refilling system reduces workload and uncertainty in the production process. 

According to the studies done, it can provide the following advantages. 

1. Employees: When an automated refilling system is introduced it reduces the risk of 

material shortages drastically. It creates less stress and uncertainty for those who work 

on and around the production line. 

2. Milk Runs: The routes are to be run smoother and more efficiently. Time is not wasted 

searching for material that needs to be refilled. 

3. Material supply: The management and the availability of materials are facilitated by a 

more visual system which reduces the risk of delays. 
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4. Planning and control: An automated system improves planning and control of material 

in the manufacturing process. It means a more effectively and visually material flow in 

order to better handle changes in volume and mix. 

5. Lean: As a result of a better system for material replenishment, wastes can be 

eliminated such as extra work, lack of material, transportation etc.  This results in a 

more effective production process with a continuously material flow. 

In general an automated material replenishment system improves a business in all possible 

way. The material flow and the production process becomes smoother which contributes to a 

more continuous flow. It means less production stop due to lack of material. The system 

improves planning and management of material for workers, Milk-runs and resources in the 

process. It means reduced costs, improved quality and a better overview of the manufacturing 

process.  



- 35 - 

 

7 Discussion 
CHAPTER 7: In this chapter, the fulfillment of the reports purpose will be discussed and what 

limitations and problems were encountered during the project. The results will be discussed, 

and it will be considered whether they can be applied to other companies in equal industries, 

and also what it would take to develop this study further. 

7.1 Proposed solutions 
The three proposals were developed in order to find the best solution to renew the 

replenishment system to the production line IAC's plant in Gothenburg. The reason that three 

proposals were developed was to set them against each other to compare the advantages and 

disadvantages in an effective way. 

Early the proposal by ordinary Kanban came up because it has been one of Toyota's most 

important tools over the years. (Liker 2009) After speaking with Quinten
2
 from IAC's old 

plant in the Belgian city Genk considered a traditional Kanban system be severe working with 

when many plastic cards disappeared along the way. 

According to (Kotani 2007) Toyota has changed its old Kanban system against a newer 

digitized e-Kanban. This was seen as a better alternative, and was set up as a separate 

proposed solution at IAC Gothenburg. 

The third proposal arose after a visit to Volvo Cars in Torslanda, where Zebra Where Call was 

used as replenishment system. According to Volvo, the system worked well and had helped 

them to gain control of material flow inside the plant. 

When Zebra Where Call was studied further difficulties arose when trying to contact seller 

and support. There were no sellers available in Sweden and the responses from the online 

support were poor. Much information had to be obtained from the Internet and through a 

contact at Volvo Cars. It could have had negatively affected the result for the system when 

information about the features were missed. 

From the beginning the idea was that when a system was evaluated and chosen as the winner, 

it would be introduced and tested on a pilot station for measuring the differences before and 

after. As the work went on, there was no time for this within the time frame of the thesis 

work. 

The result shows the reports purpose can be considered to be fulfilled in a satisfactory 

manner. It gives the company a good picture of which system that are considered to be the 

best to get rid of the problems that exist and at the same time be well equipped for the future.  

                                                 

2
 Tim Quinten Manager Central Logistics, Kanban presentation Genk February 25

th
 2016. 
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7.2 Applicability 

The results of this report can be applied to other companies within the same or similar 

industries with similar problems. Even if the starting position is not the same, the advantages 

of e-Kanban could be seen. The benefits demonstrated by combining MRP and JIT increase 

efficiency and control and tie together processes throughout the company. 

The report also tells a lot about Lean and TPS, which is something that many companies 

nowadays are working with. Since there are few companies that manage to get success with 

an implementation of lean, it could be good to read about other companies that struggling 

with their lean efforts. (Halling 2012) 

7.3 Critiques of the chosen research method 

To get a deeper understanding of how IAC Group Gothenburg operates, necessary interviews 

and conversations were held with the staff. Observations about production were necessary in 

order to see how the flow moves through the plant. 

The observations were only made by the researchers themselves, who are inexperienced in the 

field, and may have missed details that are important to the outcome. Because of some 

downtime and other arisen problems the study was delayed and a time study was no longer 

possible. 

The problem being examined has a great complexity since it involves many parts of the 

company. When examining only a part of the factory, as in this thesis, results may not be as 

clear in terms of time and cost savings. 

All findings were discussed with experienced personnel to avoid misunderstandings due to 

inexperience from the researchers. Findings are also compared with recent research to 

increase the reliability. 

To see if the project is successful, a new observation can be performed after the new system is 

in place to see if the radio communication between the production line and the inventory is 

still used and if the waiting time for new material has decreased or disappeared. 

7.4 Further research 
There are several paths that can be selected for further studies in the chosen subject. The lack 

of a functioning replenishment system is a failure in a lean business when working with JIT. It 

could be interesting to investigate whether more parts of the company suffer from similar 

deficiencies. 

There may also be interest to in examining how well the new system will work, and what 

other departments can benefit from a similar system. 

Another thing that could be interesting to examine, is whether the workers themselves had 

been able to improve the situation observed in the current state analysis. A criterion for this is 

that the management motivates and gives time to it. It is by striving to be better and seeking 

continuous improvement that provides a successful result with lean. 
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7.5 Sustainable Development 

It is important to constantly evolve with the company in order to meet the increasing 

competition in the world market. Customers are constantly raising their standards and want 

newer products which create demand for companies to increase efficiency and reduce costs. 

(Umble, Umble & Haft 2003) This is done mainly by reducing waste and working to ensure 

continuous improvement. (Liker 2009) 

(Halling 2012) writes that it is important to take care of the employees in order to achieve 

great success. It is one of the main conditions in terms of lean to work, and something that 

Toyota has understood since its inception. 

Staff needs to get sufficient training and expertise to cope with their work. Staff must also 

have confidence in their managers. (Halling 2012) It demonstrates yet again how important it 

is to that the company's philosophy permeates the entire company, from top to bottom. 

(Emiliani 2006) 

To achieve sustainable development without being involved in ethical dilemmas, it is 

important that staff do not attempt to streamline themselves. Improvement and cost reduction 

should not result in termination of employees. (Eriksson 2013) The resources left over should 

instead be used for quality improvement and to remove wastes in other areas of the plant. 

(Halling 2012) 

Combining several different systems in an ERP system creates cohesion within the company. 

Advantages of the various systems can intertwine and be used for monitoring and controlling 

materials and resources. (Umble, Umble & Haft 2003) 

7.6 Improvements implementation at IAC 
When the new ERP system has been introduced at IAC in Gothenburg and works as it should, 

an implementation in the production area can be done. It takes a lot of work before that can 

happen, because the replenishment system requires very precise information from other parts 

of the system. 

One or two people should be instructed to implement the system, first on a station as a test 

before expanding until it covers the entire production line. If this works well, there are large 

possibilities to introduce the same system in more parts of the plant, where replenishment of 

the new material is made to production. 

7.7 Problems outside the purpose of the report 
During the study some shortcomings were revealed outside the purpose of the report. The 

most noticeable were problems in delivery of materials from suppliers. These come with 

trucks several times a day and loaded into the warehouse. Often the registration of goods 

when arriving was overlooked, which created uncertainty about where the material was, or 

even if it has arrived at all. It's hard to keep track of how much material is available for 

production, and it becomes necessary to search the warehouse for material when 

replenishment is to be done.  
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8 Recommendations 
CHAPTER 8: This chapter is focused towards the company where the case study was carried 

out. It gives recommendations to the company about what they should do and how to solve the 

shortcomings that were discovered during writing of this report. 

During the work with this thesis, a few things were noted that might be good to know for the 

company when working with continuous improvement in the future. The proposals are 

thoughts and ideas from the authors of the report, based on the knowledge acquired during the 

on-going education at the University of Borås. 

Below the three proposals are summarized. 

• All decisions that are taken, and changes made, must be based on facts and put in a long 

term perspective. Short-term gains must be overlooked in order to create better flow and 

sustainable processes that provide benefits in the future. 

• Work with receiving goods and handling the warehouse seems a little messy at present. 

Goods are not registered correctly when arriving, and the position noted in the warehouse is 

not always made properly. 

• IAC's production philosophy (IAC Production System) should be embedded across the 

entire company, both in the office and on the shop floor. Everyone needs to know what it 

means and why. For example, the 5S principle. Everyone works with it, but does everyone 

know why it is important?  
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9 Conclusion 
The last chapter gives short and clear answers to the research questions. 

The aim for this report is to give answers to the following research questions. 

Which demand-controlled material replenishment system reduces best the risk of 

unexpected costs and increases the level of customer service? 

In which way could this affect the company's ability to become leaner? 

What other type benefits may an automated replenishment system mean for 

employees and recourses in the production process? 

The conclusion of this thesis shows that the best solution for a new replenishment system to 

the production line is an e-Kanban system. When a new ERP system is to be implemented at 

the company, which already has software for e-Kanban built in, it is considered an unbeatable 

solution. E-Kanban has the advantage that it is an automated system that will work even if the 

visual distance is large, and can quickly respond to changes in the production. 

Replenishment of new material to the production line could be made much more efficient, and 

wastes such as unnecessary transportation and waiting time, linked to the old system, would 

be eliminated. When parts are always at on hand when needed, it gives less risk of production 

stoppages, which is in line with the company's production philosophy JIT. Costs for stoppages 

and failures go down, while customer service increases when shortages and production 

problems can be alerted to customers at an early stage. 

An e-Kanban system that keeps track of what material is needed, and when it is needed, 

creates a less stressful environment for the workers who carry milk runs for replenishment. 

They will have more time to prepare their routes and maximize each round, and thus the flow 

can be smoothed out. Stress would also be reduced for personnel on the production line who 

can rely on the face that material will always be available when needed. 

To make the system work as well as possible, all changes that take place should be made with 

a long term perspective. Just as mentioned in the theoretical part, decisions must be based on 

facts, and the problem behind incurred situations must be understood. It is important that 

everyone is involved in the decisions that are taken and that the workers' opinions are taken 

into consideration.  
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