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Abstract 

Purpose – The purpose of the research is to explore the means to improve efficiency in 

the supermarket concept. 

Methodology – The collected information was gathered performing a case study at a 

case company through interviews, secondary data, observations and measurements, the 

data was later analysed and compared with the theoretical framework gathered through 

a literature study. 

Result – By identifying different KPI’s presented in the thesis companies can apply the 

methods of calculating Kanban number, tow-train fleet dimension, tow-train utilization 

and storage assignments within the supermarket by using ABC classification. The 

authors believe that all these calculations and theories strive towards improving the 

efficiency in the supermarket concept. 

Implications – At a similar company with the same conditions as the researched case 

company in the study, the authors recommend applying the methods presented in the 

thesis. 

Limitations – The case company conducting changes within the focus area in the 

ongoing study limited the research and the result. Focus on the connection between 

traveling distance and total travel time proved wrong as other factors was more 

connected to the total travel time rather than only distance. 

Future research – The future research suggestions is researching the study scope on 

several companies in other regions. Deeper research regarding the placement of goods 

within the supermarket also investigating the possibilities of evening out the flow of 

goods in supermarket concept is suggested. 

 

Keywords – Supermarket concept, efficiency, Order picking, travelling, tow-trains, 

Kanban  



 

Notes 

In order to describe the procedure, the following notes are presented:  

       

𝑣  Average round-trips per working day 

Tw  Work day duration [H/day]  

M   Set of all products realized in the system, m=1,...., M; 

   

I  Set of parts necessary for the same system; i=1,...., I;  

𝐵𝑂𝑀𝑖,𝑙  Bill of materials of part i related to model m [parts/product] 

𝑑𝑖,𝑙   Expected daily average demand for part i in the line l; this 

refers to the service level 𝐿𝑆𝑖,𝑙 considering a normal 

distribution pattern for consumption [adimensional]; 

𝑘𝑖,𝑙  Security factor for part i in assembly line l; this refers to the 

service level 𝐿𝑆𝑖,𝑙 considering a normal distribution pattern 

for consumption [adimensional]; 

𝑆𝐾𝑈𝑖  SKU capacity is the size of the container of parts i, 

[parts/kanban];  

𝑇𝐿/𝑈𝑖  Specific 𝑆𝐾𝑈𝑖 time for unload/load operations on the 

assembly lines [minutes/SKU];  

𝑇𝑆𝑖  Specific 𝑆𝐾𝑈𝑖 time for unload/load operations on the 

supermarket [minutes/SKU];  

𝑉𝑟𝑢𝑛  Average speed during the route in order to refill all assembly 

stations of the system starting and ending at the supermarket 

[meter/minute]; 

𝐿𝑟𝑢𝑛  Total length of the route in order to refill the assembly 

stations of the system starting and ending at the supermarket 

[meters]; 

𝑇𝑟𝑢𝑛  Average run time to cover the total length 𝐿, 𝑇𝑟𝑢𝑛 =

𝐿𝑟𝑢𝑛/𝑉𝑟𝑢𝑛[minutes]; 

𝑁𝑜𝑝  Number of handling operators in the system [operators]; 

𝑁𝑡𝑎𝑘𝑡  Number of takts per working day [takt/day] 

𝑁𝑡𝑜𝑤  Tow-train availability [percent] 
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1 Introduction 
In this chapter the background of the study and the problem area that the study was 

built around will be described. Further presents the purpose and the research questions 

of the study and the research area. Concluding the chapter the study’s scope and 

limitations will be described.  

1.1 Background 

The industrial environment of today is affected by the growing globalization (Aguado, 

Alvarez & Domingo, 2012). As in recent years, more actors have been able to enter the 

market and compete for the same customers, competition has gotten tougher (Petersson, 

Johansson, Broman, Blücher & Alsterman, 2012). Along with changing business 

conditions caused inter alia by globalization, outsourcing and environmental awareness 

the importance of efficient logistics to create efficiency and competitiveness has 

increased (Jonsson & Mattsson, 2012). As a result, companies need to define how they 

can optimize the logistics processes in addition to unifying and standardizing the value 

creation chain to create value for the customer (Aguado, Alvarez & Domingo, 2012). 

The area of logistics is defined as planning, organization and control of every activity 

in the flow of materials, which aims to satisfy the customer and other stakeholder’s 

needs and desires (Jonsson & Mattsson, 2012, p.20). 

Increased productivity is a common denominator for satisfying both owner 

requirements and customer requirements. It also seems to be of great potential to 

increase productivity as much as 50 percent (Petersson, Johansson, Broman, Blücher & 

Alsterman, 2012). In recent years, different means of achieving efficient production 

have been explored (Aguado, Alvarez & Domingo, 2012). A long-term approach to 

increase productivity and thereby attracting both customers and investors is Lean 

(Petersson, Johansson, Broman, Blücher & Alsterman, 2012). Based on this approach, 

the customer requirements are satisfied in terms of cost, quality and delivery times, and 

therefore, the competitiveness of the company increases (Aguado, Alvarez & Domingo, 

2012). Lean focuses on reducing waste and non-value adding activities and includes 

forms of just-in-time (JIT) strategy (Domingo, Alvarez, Peña & Calvo, 2007). The best 

characteristic of JIT is that it aims at producing the requisite of a product, at the right 

time, in right quantity and should take away the unnecessary inventory (Jasti & Kodali, 

2015).  
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Many assemble-to-order (ATO) producers have thereby implemented the so-called 

“supermarket concept” to create a fast, flexible and reliable in-house part logistics 

process (Monden, 1998). A just-in-time supermarket is a decentralized, intermediate 

storage area for parts used in the nearby line segments (Emde, Fliedner & Boysen, 2012; 

Monden, 1998). In the JIT concept every container is linked with a plastic card 

containing information used for the production and supply of parts in each stage of the 

production. These cards are used to control the flow of goods in the production and 

inventory (Kumar & Panneerselvam, 2007). With increasing vertical integration and an 

increase in product variety, JIT supply of final assembly lines poses one of the greatest 

challenges in today’s production (Emde, Fliedner & Boysen, 2012). 

1.2 Explanation of the problem 

Improving customer service, making operations faster, more responsive, and 

dramatically reducing costs are the challenges faced by manufacturers today. One 

technique that has attracted much attention during the past is the JIT concept (Zhu, 

Meredith & Makboonprasith, 1994). For this reason, an increasing number of 

automobile producers have adopted the supermarket concept (Emde, Fliedner & 

Boysen, 2012). The advantages of the supermarket concept is very important in today’s 

ATO production, as the space at the stations along the line is notoriously scarce (Battini, 

Gamberi, Persona, & Sgarbossa, 2014). 

In the manufacturing systems, the management of the components is very important in 

order to reduce all the costs related to handling and holding activities (Battini, Faccio, 

Persona, & Sgarbossa, 2009). To ensure the availability of parts needed on the line, 

three line feeding modes are commonly used in practice: line stocking, kitting and 

sequencing (Sali, Sahin & Patching, 2015). According to Battini, Faccio, Persona and 

Sgarbossa, (2009) the main problem of the feeding is concerning the degree of 

centralization/decentralization of the inventory and the choice of the right feeding 

policy, which is the transportation from the central warehouse to the assembly line. The 

time spent on warehousing activities is an important factor in the total time spent on the 

request cycle. Therefore, it is essential to study viable and sustainable means to 

minimize this time (Fontana & Cavalcante, 2013). Traveling comprises the greatest part 

of the cost of order picking, which is itself the most expensive part of warehouse 

operating costs. Much of the design of the order-picking process is directed to reducing 

this unproductive time (Bartholdi & Hackman, 2014). Order picking - the process of 

retrieving products from storage (or buffer areas) in response to a specific customer 

request - is the most labor-intensive operation in warehouses with manual systems, and 

a very capital-intensive operation in warehouses with automated systems (de Koster, 

Le-Duc & Roodberger, 2006 p.481).  
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The cost of order picking is estimated to be as much as 55% of the total warehouse 

operating expense (Bartholdi & Hackman, 2014). Typical planning issues in 

warehouses are inventory management and storage location assignment. An effective 

policy for assigning warehouse storage location may reduce the mean travel times for 

storage/retrieval and order picking (Fontana & Cavalcante, 2013). The choice of the 

right stocking policy and of the optimal inventory centralization/decentralization degree 

is a common problem in material management, and it can be as simple as a single 

stocking point inside a production plant or as complex as a supply chain network (SCN) 

(Battini, Faccio, Persona, & Sgarbossa, 2010). 

1.3 Purpose & research questions 

As the environment for companies is getting more demanding due to globalization, 

outsourcing and tougher competition. It is important to obtain efficient logistics. This 

can be done by using JIT and the supermarket concept as it is focused on reducing waste 

and improving the flow of goods controlled by the kanban cards. As there is a problem 

for today’s manufacturers making their operations faster too keep up with the increasing 

demand from the customers. It is interesting to study how manufacturers can increase 

the flow of goods in the supermarket concept to get a higher efficiency which according 

to Tilanus, (1975, p.63) is defined in a technical sense as a realized value of a given 

variable expressed as a percentage of the maximum value. Based on this the purpose of 

this study is as following: 

To explore the means to improve efficiency in the supermarket concept. 

To be able to improve and gain efficiency the authors must gain an understanding of 

the current state of the supermarket concept at the case company and thereby the first 

research question is: 

1. How is the supermarket concept currently structured at the case company? 

One of the biggest costs related to warehousing is order-picking which consists more 

than half of the time by the non-value adding activity traveling (de Koster, Le-Duc & 

Roodberger, 2006), also known as waste which should be eliminated, which is the main 

purpose of Lean (Monden, 1998). It is thereby interesting to explore how the flow of 

goods through the supermarket should be constructed to deliver the right product at the 

right time. This concludes in the second research question: 

2. How can the flow of goods in the supermarket improve its efficiency? 

As traveling is a non-value adding activity and considered as waste, time and distance 

required to pick an order must be reduced and simplified to gain a more efficient flow 

of goods (Bartholdi & Hackman, 2014). This could be achieved by standardizing the 

placement of goods to support the JIT philosophy. This results in the third and last 

research question: 
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3. How can goods be placed within the supermarket concept to gain efficiency? 

  

By considering the information from the research questions above the authors are 

expected to find a suitable way of improving the efficiency of the supermarket concept. 

The purpose and the research questions will thereby be fulfilled by combining both 

empirical studies and theoretical studies, where the empirical studies will be conducted 

at a case company. 

1.4 Scope & delimitations 

The scope of the thesis is the supermarket concept where the goods for supplying the 

assembly line is being replenished and withdrawal of goods is performed. Focal points 

of the thesis is all traveling of tow-trains and operators connected to the supermarket, 

the material handling of goods by operators not on the tow-trains, as well as the 

placement of goods in the supermarket. This study will thereby only look into the 

supermarket concept from one multinational manufacturing company. Where two 

supermarkets continuously are supplying goods to mixed-model assembly lines. Figure 

1 is showing the entire flow from supplier to assembly line and the part marked within 

the red box is represented by the flow of goods from warehouse through picking area 

and supermarket, which ends with transportation to the assembly line from the 

supermarket. The result of the study is not restricted to the supermarket concept but 

also on similar situations in a warehouse environment.  

.  

 

Figure 1. Area of study 
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1.5 Disposition 

 

 

Figure 2. Disposition 

The disposition of the study is displayed in Figure 2. The study was divided into seven 

chapters. In the introduction chapter, the background and problem description are 

presented which lead to the purpose & research questions that the thesis aimed to 

answer. The first chapter end with the Scope & delimitations explaining what area the 
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thesis concern. In the second chapter, Method & implementation focus on the method 

and what methods has been used from conducting the study to writing the report. 

Following the first two chapters, the theoretical framework and empirical study have 

been conducted parallel to each other, in order to complement each other. The 

theoretical framework consist of gathered information and theories from the literature 

such as lean and order picking as well as sub-theories supporting the study. The 

empirical study chapter contains information about the topics description of the case 

company and the empirical data regarding withdrawal and replenishment of the 

supermarket. The information has been gathered from the case company. This 

information is further analysed and discussed in chapter 5 analysis. The result of the 

study will be presented in chapter 6. The thesis will be wrapped up and finished in the 

last chapter discussions & conclusions where the result and the whole work will be 

discussed and suggestions for further studies will also be presented. 
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2 Method & implementation 
In this chapter a general description of the studies work process are provided. Further, 

the approach and design of the study will be described. Thereafter, the data collection 

and data analysis processes are being described. The chapter concludes by a discussion 

of the quality of the study. 

2.1 Study Design 

This study is conducted with ties to a multinational manufacturing company that will 

be referred to as the case company. The three research questions and the purpose of the 

study are generic and can therefore be seen as useful for other similar organizations. To 

fulfill and answer the research questions and purpose, literature studies, observations, 

secondary data (document studies) and measurements was be performed. Figure 3. 

Illustrates connections between the purpose, research questions and the chosen 

methods. 

 

 

Figure 3. Connections between research questions and methods 

The literature study has been conducted to gain a deeper understanding in the field of 

the case and placed at the beginning to get an understanding of what to be researched 

(Patel & Davidsson, 2012). It later got added on throughout the study as new findings 

appeared to complete the questions. The aim was to find theories and methods to help 

answer the purpose and research questions of the study. Observations at the case 

company enabled an understanding of their current work process and increased the 

knowledge and understanding of how the theory works in practice. Together with 

literature studies and observations, interviews were held with responsible personnel to 

fill in gaps in the knowledge of the company’s current situation. 
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To retrieve data for the second and third research question findings from the methods 

used to answer previous research question, together with some secondary data retrieved 

from the company was used. Apart from the findings of previous question and 

secondary data, time measurements were conducted in order to gain statistical data. As 

time measurements and secondary data were retrieved, statistical data analysis could be 

performed in order to find possibilities of increasing efficiency within the problem area 

and find answers for the research questions. 

2.2 Work process 

To fulfill the purpose and answer the research questions of the study the work process 

has been divided into five phases: 

● Definition of problem 

● Literature study 

● Collection of data 

● Analysis of data 

● Writing the report 

An overview of the different phases is presented in Figure 4. The largest and only phase 

that has been ongoing during the whole process is the process of writing the report. This 

phase consist of writing down the information and knowledge gathered during the case 

study. Defining the problem was the first phase towards gaining an understanding of 

what purpose the study was going to fulfil. In this phase the research questions was 

formulated. While the problem of the study was being defined, a literature study phase 

begun, this phase was carried out throughout most part of the study and overlapped with 

the other phases. This phase has been providing the tools and knowledge used to be 

able to answer the purpose and research questions of the study. After completing the 

definition of problem the collection of data begun. The data was collected with different 

methods explained above. This phase overlapped with the final phase, analysis of data 

where the collected data was being analysed as well as the theories from the literature 

study.

     

Figure 4. Gantt Chart of the planned work process 
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2.3 Approach 

This is an explorative study as there already is existing knowledge within the problem 

area. In some parts of the problem area however, there is a lack of knowledge which 

needs to be filled and this will according to Patel and Davidsson, (2012, p.12) makes 

the study explorative. This is motivated by applying already existing knowledge 

regarding warehouse operations within a new field.Iin this case the supermarket concept 

at a manufacturing company, not found to be tested earlier by other researchers. To 

answer the research questions there was both qualitative and quantitative methods used. 

The methods of qualitative character that has been used, was interviews, observations 

and document studies. These methods were used to gain a better understanding of the 

current state at the case company and as a base for the following research questions. 

For the use of quantitative methods, time measurements has been conducted to gain 

statistical data used in the statistical data analysis. Data collected from these methods 

was used and compared to theoretical data obtained from literature studies to find 

potential solutions and results.  

The deductive research approach is seen as following the path of proof (Patel & 

Davidsson, 2012). This study’s approach is thereby more of a deductive approach as it 

is a case study within a well-researched area and by using existing theories, conclusions 

could be drawn. As the deductive approach is recognized by drawing conclusions from 

already existing theories and general principles (Patel & Davidsson, 2012). Which was 

achieved by using existing theories from warehousing and order picking operations 

applied within a new field. 

2.4 Strategy 

The thesis was performed as a case study, which is seen as advantageous as an 

opportunity for a deeper study is given and analysis of a chosen problem during a 

limited time (Bell, 2005). The case study that was performed with a “single-case-

design” meaning that the study only referred to one situation and was seen as the 

“representative case”. This can be a certain project e.g. in a manufacturing company 

which could be seen as typical for similar units in the same branch of industry (Yin, 

2007). As the case company is a multinational manufacturing company the “single-

case-design” strategy was suiting, as theoretical and empirical data was obtained by 

studying the process of replenishment and withdrawal from a supermarket. Except from 

being a multinational manufacturing company they are a well-established company 

within Lean and this is the reason the company was seen as a representative case. This 

can be seen as a single unit of analysis that can be referred to as a holistic design or 

single-case-design (Yin, 2007).  

The data collected by using this strategy was then used in helping to answer the research 

questions and to fulfil the purpose. Choosing the case company for the case study was 

motivated by the problem area as it is a problem recurring in several branches which 

makes it interesting, since the solutions can be used in several different areas. The 

company is working with Lean throughout the entire firm and this company within the 
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firm is placed in a less developed country. This contributed to the motivation of 

researching the problem area at this company who still is under development. 

2.5 Data collection 

The data collection for this study consists of collection of empirical data retrieved at 

the case company by interviews, observations and measurements ending with 

secondary data. Below follows a more detailed description of the different parts of the 

data collection. 

2.5.1 Interviews 

An interview was performed with two of the responsible employees for the supermarket 

concept at the case company, the interview was structured as a “funnel” with the initial 

questions being of the open character and eventually ending up in more specific 

questions, more related to the problem area (Patel & Davidsson, 2012). By using this 

technique, the respondent was given a chance of getting verbal directly and this was 

meant to motivate and activate the person interviewed. This way of structuring the 

interview helped in getting good answers for the more specific questions. The purpose 

of a qualitative interview was to detect and identify characteristics and constitutions of 

something e.g. perceptions of some phenomenon. As the interview was performed the 

transcribed content was to be analysed as every qualitative method makes a qualitative 

analysis of a text material (Patel & Davidsson, 2012).  

2.5.2 Observations & Measurements 

To collect empirical data, observations and measurements was conducted. Observations 

were performed to get a better perspective and understanding of the case company's 

current situation and was seen as a qualitative method. This method is often used in 

explorative studies according to Patel and Davidsson (2012, p.91) and was thereby also 

suiting for this study as it is an explorative study. The observations also contributed in 

obtaining information useful when it came to giving an alternative view of the studied 

area (Yin, 2007). Using the observations in the early stages of the data collection 

enabled to build a foundation for other techniques used to collect data (Patel & 

Davidsson, 2012).  

As observations was conducted as a qualitative method, measurements were later 

conducted that is a quantitative method which intentions is to assign numeric values, in 

an unambiguously way for the studied object (Patel & Davidsson, 2012). The 

measurements were thereby conducted for retrieval of quantitative empirical data for 

statistical use. Measurement that was conducted at the company was time studies to 

retrieve statistical data used in the statistical data analysis and to understand the current 

state. Performing time measurements was enabled by using an instrument for measuring 

time. 

2.5.3 Secondary data 

Documents provided from the case company regarding the supermarket such as article 

placement, withdrawal frequency of the different articles and the demand from the 
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assembly lines the supermarket supply was used for empirical data collection. Yin 

(2007) states that the documents main roll in a case study is to support data and 

information gained from other sources. The documents that currently are used by the 

company was analysed and used to help answer the research questions and to fulfil the 

purpose.  

2.6 Literature Studies 

During the literature studies, theories within the Lean philosophy and order picking was 

collected to obtain theoretical input. To collect the theories needed, searching books, 

scientific articles and science reports was performed. Retrieving theories was done by 

using different databases such as primo, Google scholar and Scopus as well as searching 

in the library at AIT and Rangsit University in Bangkok, Thailand. After the literature 

study was completed, a table of searched keywords, areas and combinations of 

keywords was compiled. The literature study contributed to build a foundation for the 

analysis and results. 

Table 1. Table of searched keywords 

English Keywords Combination of keywords 

 

 

 

 

Lean 

 

Supermarket 

Supermarket concept 

Kanban 

Kanban card 

Just-In-Time/JIT 

Lean production 

Lean Manufacturing 

Lean 

 

Supermarket Kanban 

JIT Supermarket 

Supermarket-replenishment 

Supermarket withdrawal 

Supermarket warehouse 

Line stocking for just-in-time 

Warehouse design in Lean 

Just-in-time Kanban 

Warehouse order picking 

 

 

 

 

 

Order picking 

Warehouse management 

Replenishment 

Withdrawal 

Warehouse design 

Line feeding 

Material flow 

Flow of goods 

Order picking 

Tow- train 

Storage assignment  

Efficiency 

Placement of goods 

 

 

Tow-train line feeding 

Tow-train replenishment 

Tow-train withdrawal 

Order picking efficiency 

Order picking replenishment 

Order picking withdrawal 

Tow-train order picking 

Supermarket efficiency 

Supermarket placement of goods 

2.7 Statistical data analysis 

With data collected from secondary data, time measurements and from theory obtained 

by the literature studies, some calculations were conducted. This method helped 
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obtaining a better understanding of how the flow of goods could be improved by 

calculating the amount of Kanban cards in a mixed-model assembly line together with 

calculations connected to handling of goods. The calculations contributed in finding 

ways of improving efficiency in the supermarket concept. 

2.8 Data analysis 

During the work process empirical data have been collected and analysed continuously 

towards the theoretical framework, by comparing empirical patterns with theoretical 

patterns to see if they match each other. This process and way of analysing is called 

pattern matching (Yin, 2007). By performing a literature study, a theoretical framework 

was compiled and used as base for the analysis. The empirical data was obtained by 

doing a case study and retrieving data by interviews, observations, document studies 

and measurements. Continuously comparing the empirical data collected with the 

theoretical framework and update the theoretical framework after specific empirical 

findings pattern matching was achievable.   

2.9 Quality of the study 

For the case study to be credible and trustworthy it will be executed by consistently 

using the measurements of reliability and validity 

2.9.1  Reliability 

The measurement of reliability indicates to what extent a course of action or tool 

provides the same result at different occasions during similar circumstances (Bell, 2005 

The case study was thereby conducted to handle the reliability problem according to 

Yin, (2007, p.59) who states that “The general way of dealing with the reliability 

problem is to perform as many steps as possible as operational as possible and to 

perform the study as it was someone who constantly checked what you were doing”. As 

this study was examined at certain steps throughout the work process the study was 

constantly checked and thereby also performed accordingly. 

To gain reliability in the interview phase the authors first conducted a literature study 

and then used the concepts found for the structure and questions of the interviews (Patel 

& Davidsson, 2012). During the interview with the case company the authors took 

separate notes and the interviews was sound recorded. Short after the interview 

occasion the authors went through the notes and recording to eliminate 

misunderstandings and interpretations by the authors. The goal of this method was to 

ensure reliability of the interviews (Patel & Davidsson, 2012). 

According to Yin, (2007) the use of more than one observer performing structured or 

occasional studies increases the reliability of the observer information. By doing this 

when observational studies was performed the authors increased the reliability of the 

case study (Patel & Davidssom, 2012). To provide reliability to the study, quantitative 

measures was performed such as time measurement to provide statistical data to the 

study. The result of the measurement, the “observed result” consists of the individual's 



Method and implementation 

13 

“true result” and an “error value”. The error value depends on the measurement 

instruments reliability (Patel & Davidsson, 2012). By completing the observations and 

the time measurements with two observers, this contributed in giving the study 

reliability. This together with using instruments for the time measurement suited for the 

specific case also increased the reliability due to a lower “error value”. 

2.9.2 Validity 

Validity means that the truth of its basic statements has been reliably established 

(Novikov & Novikov, 2013). To ensure content validity, the theoretical framework 

retrieved through the literature studies was used for the questions in the interview phase, 

the questions and results of the interview then was examined by individuals with 

knowledge within the studied area. This is according to Patel and Davidsson (2012, 

p.102-103) a way of ensuring content validity. To provide validity while doing time 

measurements, the measurements were conducted by doing a thorough theoretical 

framework to understand what to measure, having good instruments and precision in 

the measurements (Patel & Davidsson, (2012). Completing the measurements and 

observations using two observers during the two methods contributed in ensuring the 

validity of the study.  

External validity is according to Yin, (2007) demarcation of the area to which the results 

of the study can be generalized. The case study then achieved external validity by 

studying the problem area of the supermarket concept, which can be applied on several 

organizations in different branches. As the result obtained from the case company are 

applicable in similar organizations with a similar problem. This was motivated by 

conducting the case study at a well-known multinational company which are working 

with lean throughout the company. 
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3 Theoretical framework 
The chapter provides a theoretical foundation and explanatory approach to the study 

and the purpose and research questions formulated. 

3.1 Connection between research questions and theory 

In the following chapter the theory that will give a theoretical foundation to answer the 

study’s research questions is presented. Figure 5, presents the connection between the 

research questions and used theory. 

 
 

 

 

Figure 5. Explanation of the connection between theories and research questions 
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To provide a theoretical foundation for the first research question, “How is, the 

supermarket concept currently structured at the case company?” there was a need of 

obtaining an understanding of theories connected to the problem area. The areas of the 

theoretical framework studied was thereby the theory of Lean, in order to obtain an 

understanding of the study’s problem area. Following Lean, order picking was studied 

to get a better understanding of how the order picking operations in a warehouse can be 

structured. By also studying supermarket concept, an understanding of the work process 

and principles of the supermarket concept could be achieved in order to be able to apply 

the knowledge in the following research questions. The understanding of Lean, order 

picking and the supermarket concept then became a part of the theoretical foundation 

for the following two research question as well as the foundation of being able to fulfil 

the purpose. 

The result of the first research question then got to be used as a foundation for the 

second research question “How can the flow of goods in the supermarket improve its 

efficiency?” together with the completing parts of the theoretical framework studied. 

The parts studied then were tow-trains and JIT together with Kanban. JIT and Kanban 

are segments within Lean and was studied in order to obtain an understanding of how 

the flow can be improved working with Lean. The choice of studying tow-trains was 

motivated by gaining an understanding for the problems and the strengths coupled to 

replenishment and withdrawal of the supermarket concept.  

Obtaining a theoretical foundation for the second research question “How can goods 

be placed within the supermarket concept to gain efficiency?” the findings of the 

second research question was used and completed with the theoretical framework of 

segments regarding storage assignment policies was studied to get an understanding of 

how goods shall be placed in order to gain efficiency and thereby help answering the 

research question. 

3.2 Assumptions 

The assumptions that was be taken into consideration for the formulas that are presented 

in the theoretical framework are influenced by Faccio Gamberi, Persona, Regattieri and 

Sgarbossa (2013)      

 The considered system is composed of a supermarket feeding the assembly 

stations of a certain number of assembly lines. 

 

 Each assembly line l is a mixed-model assembly line that is capable of 

producing a great number of variants of a common base product, while the base 

product is different from one assembly line to another. For this reason, a certain 

model m is produced on just one assembly line l. Therefore, there is a univocal 

correspondence between model m and assembly line l.  
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 Set-up times are negligible as an effect of the assembled models commonality 

and of the flexibility of manual operators. 

 

 The JIT environment imposes a leveled production. For this reason, the total 

daily throughput of each line l, Ql is considered to be constant, while the 

production mix can be variable according to a certain range. The average tack 

time of the assembly line l is considered to be constant and equal to 1 / Ql 

     

 The mix variation of a certain assembly line is considered to have a normal 

distribution, i.e. the daily historical demand for model m on line l has a normal 

distribution. As a consequence, the pattern of the consumption of the parts for 

each assembly station is assumed to have a normal distribution and be a function 

of the bill of materials for each model and model demand.  

   

 A certain part i cannot be used in more than one station for each line l. For this 

reason, once part i and an assembly line s have been defined, the assembly 

station where i is used is also defined. Part i can be used in different assembly 

lines l 

 

 The workload for handling operators is considered to be equally distributed 

between them. For this reason, once the number of handling operators has been 

defined, the parts consumption rate, SKU capacity, and average expected supply 

lead time for each part i are considered to be the same.   

    

 C, tow-train capacity. The number and types of SKU to be loaded per trip is 

different from B (number of parts loaded on the tow-train) because the dynamic 

part consumption is random (according to a normal probability density function) 

a function of the tow train capacity and the parts loaded. The tow train capacity 

is related to the tow train specifications (that usually are not able to tow more 

than two wagons) and the bin volume/weight. We assume an identical average 

tow train capacity for all the tow trains, measured in number of loadable bins, 

calculated using an average weighted value on bin volumes and utilizations.  

 

3.3 Lean 

Lean can be considered as a manufacturing philosophy, which can be used as a tool for 

problem solving in a long-term perspective (Bhasin & Burcher, 2006). The definition 

of Lean is: “use less of everything - half the human effort, half of the manufacturing 

space, half the investment, half the working hours to develop a new product in half the 

time” (Jasti & Kodali, 2015). However this also requires that organizations need half of 

the inventory, which leads to fewer defects and to producing greater products with 

growing quality (Womack, Jones & Roos, 1990).  The target of Lean is to eliminate any 

kind of waste in the production system by using Just-In-Time and Jidoka which are the 
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two pillars of Lean (Ohno, 1988). The result of the Lean system is standardized, 

continuous optimization of processes throughout the organization (Aguado, Alvarez & 

Domingo, 2012). Everything in an organization is covered by the Lean system, starting 

from product development and end with the distribution to the end customers (Karlsson 

& Åhlström, 1996). Although Lean covers almost everything in an organization, the 

main purpose is manufacturing the products without any kind of waste (Monden, 1998). 

Waste is understood as any activity developed by a company that consumes resources 

and does not produce value for the customer (Butz & Goodstein, 1996). Waste is an 

activity that will not create any value to the final product and can be classified into 

seven categories (Monden, 1998). 

These are:  

 Overproduction  

 Waiting 

 Transportation 

 Unnecessary inventory 

 Inappropriate processing  

 Defects  

 Unnecessary motions 

3.3.1 Just-In-Time (JIT) 

A large part of striving towards Lean is to produce the right products at the right time 

(Petersson, Johansson, Broman, Blücher & Alsterman, 2012). This is called Just-In-

Time (JIT) which is one of the two pillars in Lean and can be defined as: “In a flow of 

process, the right parts needed in assembly reach the assembly line at the time they are 

needed and only in the amount needed” (Ohno, 1988, p.10). As waste is a non-value 

adding activity these operations can typically account for 90% of the total operations in 

a process not using JIT (Zhu, Meredith & Makboonprasith, 1994).  

 

JIT can effectively support the line stocking in a mixed-model assembly line, by setting 

the right stocking level and Kanban card number. However this cannot be done without 

a trade-off between the service level and holding cost (Caputo, Pelagagge, & Salini, 

2015). One of the goals of JIT is thereby also to reduce all inventory stored at the 

assembly line stations (Battini, Boysen & Emde, 2012). By doing so, organisations can 

get more efficient in-house logistics processes and as the storage space at the assembly 

line stations usually is insufficient and expensive this helps to secure competitiveness 

(Emde & Boysen, 2011). Reducing inventory is one of the benefits of JIT which also 

includes reduction of lead times, increased quality, increased inventory turnover and 

better usage of equipment and labour (Zhu, Meredith & Makboonprasith, 1994). 

 

A reason for the reduction of inventory at the assembly line is because that, JIT is based 

on a pull system that is initiated by the present needs (Zhu, Meredith & 

Makboonprasith, 1994). This need is a customer order which is the starting point for 

manufacturing process as the final assembly line order parts from the preceding process 

and passed through the entire manufacturing process (Åhlström, 1997). 
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3.3.2 Supermarket Concept 

Following the just-in-time (JIT) approach, a growing number of manufacturers have 

started to adopt the so-called supermarket concept where possible frequent small 

batches are delivered (Faccio, Gamberi,  Persona, Regattieri, & Sgarbossa, 2013). This 

to handle and master the challenges for fast, flexible, and reliable in-house part logistics 

processes (Battini, Boysen & Emde, 2012). Supermarket warehouses are decentralized 

logistics areas distributed in a warehouse near the operative areas, the supermarkets are 

used as an intermediate store for the parts required by the assembly lines (Faccio, 

Gamberi, Persona, Regattieri, & Sgarbossa, 2013). Replenishment of the supermarkets 

are done by retrieving goods from the central receiving store with large trucks compared 

to the small tow-trains for the assembly lines (Battini, Boysen & Emde, 2012).   

 

The replenishment and withdrawal of the supermarkets is constructed to be ergonomic 

and fast for the operator (Faccio, Gamberi,  Persona, Regattieri, & Sgarbossa, 2013), 

with smaller containers it enables the opportunity to keep more convenient level of 

inventory at the work stations at the assembly lines (Caputo, Pelagagge & Salini, 2015). 

This reduces handling times and the strain on the workforce in the supermarket and the 

assembly line (Emde & Boysen, 2011).  This type of supply is a great advantage in the 

automobile industry where the space at the stations is notoriously insufficient (Battini, 

Boysen & Emde, 2012). The supermarket warehouse supports the JIT philosophy with 

supplying the right product in the right quantity at the right time and keeping the flow 

of goods continuously coming from the supermarket to the assembly line (Caputo, 

Pelagagge & Salini, 2015). 

 

Emde & Boysen, (2012) explains that a supermarket can serve between 20 and 30 

workstations at an assembly line segment. The goods is transported from the 

supermarket to the workstations with tow-trains (or tuggers) – towing vehicles 

connected to a handful of waggons (Emde & Boysen, 2011). The tow-trains also have 

the task of collecting empty bins from the assembly line in order to be refilled in the 

next trip. This allows the supermarket to be able to deliver frequent but small supplies 

of products to the workstations, resulting in lower level of stock and distance 

travelled (Faccio, Gamberi, Persona, Regattieri & Sgarabossa, 2013). The frequent 

small supply of goods enabled by the supermarket makes it easier to re-plan a delivery, 

in comparison with re-planning large-lot deliveries that are harder to revoke or modify 

once placed. This is an important advantage for the supermarket in case of unforeseen 

disturbances (Emde & Boysen, 2011). 

3.3.3 Kanban 

By using the Kanban method and other JIT-techniques companies has been able to 

optimize their production systems the recent decades (Faccio, Gamberi & Persona, 

2013). In the JIT environment, Kanban cards control the flow of goods and the 

production flow, the cards are usually made of plastic and are associated with a plastic 

container that parts are placed in (Kumar & Panneerselvam, 2007). The assembly line 
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replenishes the goods used and pulls it through the system using the Kanban cards. The 

inventory level is thereby depending on the amount of Kanban cards called n. If n is 

large the inventory level of all of the parts at the assembly line will be larger and if you 

decrease n the inventory at the assembly line will decrease and a risk of shortage will 

occur. (Faccio, Gamberi & Persona, 2013) 

 

Sugimori Kusunoki, & Uchikawa (1977) summarizes the benefits of using the Kanban 

system as the following three reasons 

       

 Reduction of cost-processing information. Implementing a system that provides 

a production schedule to all processes and suppliers as well as makes alterations 

and adjustments by real time control is costly.  

     

 Rapid and precise acquisition of facts. Using Kanban, the managers of 

workshops may perceive such continuously changing facts as production 

capacity, operating rate, and manpower without the help of a computer. Hence, 

data on schedules corresponding to the change are accurate and urge workshops 

to found responsibility systems and to promote activities for spontaneous 

improvements.    

   

 Limiting surplus capacity of preceding shops. Since the automotive industry 

consists of multistage processes, generally the demand for the item (the part) 

becomes progressively more erratic the further the process point progresses.  

 

To calculate the level of n large number of formulas has been developed but the most 

well know is Toyota’s formula.  𝑛 ≥ 𝐷 ∙ 𝐿(1 + 𝜕)/𝑎 Where n is the number of 

Kanban, D is the consumption rate, L is the replenishment lead-time, a is the stock-

keeping unit (SKU) capacity, and α is the positive safety factor. (Sugimori Kusunoki, 

& Uchikawa, 1977) The formula is not always able to bring substantial results due to 

the difficulty of setting the different variables correctly. (Faccio, Gamberi & Persona, 

2013). 

In formula 1 Faccio Gamberi, Persona, Regattieri, and Sgarbossa (2013) presents a 

method of calculating 𝑘𝑎𝑛𝑏𝑎𝑛𝑙 the variables Nop (number of tow-train operators in the 

system) and 𝐿𝑆𝑖,𝑙 (service level for part i on assembly line l) are derived from the total 

cost minimization procedure.  

𝐾𝑎𝑛𝑏𝑎𝑛𝑖,𝑙 =
𝑑𝑖,𝑙∙𝐿𝑇+𝑆𝑆𝑖,𝑙

𝑆𝐾𝑈𝑖
 [𝐾𝑎𝑛𝑏𝑎𝑛] (1) 

 

To calculate the Kanbani,l several variables must be determined. First the 𝑆𝑆𝑖,𝑙 will be 

calculated using Persona, Battini, Manzini and Pareschi (2007) formula 

𝑆𝑆𝑖,𝑙 = 𝑘𝑖,𝑙 ∙ √𝐿𝑇 ∙ 𝜎𝑖,𝑙 [𝐶𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟𝑠]  (2) 
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Where 𝑘𝑖,𝑙 is the security factor for part i on the line l related to the service level 𝐿𝑆𝑖,𝑙 

that is according to the regular distribution assumption of the part demand. 

LT represents the supply lead-time expressed in days according to the daily working 

time 𝑇𝑤. The workload for the handling operators is equally distributed between them, 

the average supply lead-time for all considered parts is thereby the same and can be 

calculated as formula 3 

𝐿𝑇 =
𝑇𝑤

𝑅𝑜𝑢𝑛𝑑/𝑑𝑎𝑦
  [𝑚𝑖𝑛𝑢𝑡𝑒𝑠]   (3) 

 

 

The parts standard deviation is designated as α𝑖,𝑙 and will be calculated as in formula 4 

𝜎𝑖,𝑙 = √(∑(𝐵𝑂𝑀𝑖,𝑚 ∙ 𝜎𝑚,𝑙)
2

𝑚

+ (∑ ∑ 2𝜌 ∙ 𝐵𝑂𝑀𝑖,𝑚𝜎𝑖,𝑙 ∙ 𝐵𝑂𝑀𝑖,𝑚𝜎𝑖,𝑧))

𝑧>𝑚𝑚

  (4) 

 

In the situation that the demand of different models on the line l are connected so to say 

that if the models A and B on a specific assembly line demand dA,l and dB,l are negative 

connected, when the demand of A increases the demand of  B decreases. In this example 

the coefficient of the connection is ρ = -1  (Faccio, Gamberi, Persona, Regattieri & 

Sgarbossa, 2013). The standard parts deviation, originated from the standard deviation 

of the model demand and the bill of materials, can be derived from adaption of Das and 

Tyagi (1999) formula 4 regarding the relation between the demand of the model and 

the specific demand of parts. 

3.4 Order picking 

Setting the right layout of the warehouse is important as it set the stage for order-picking 

which is the most important process in the warehouse (Bartholdi & Hackmann, 2014). 

The order picking process consists of retrieving goods from a storage area and 

delivering it to a customer, which is the most labour demanding and costly process 

(Grosse & Glock, 2014). If the goods are placed strategically for quick retrieval, this 

will contribute in a good service and a low cost for the customers (Bartholdi & 

Hackmann, 2014). For order picking where picking-to-parts are performed which is 

manually picking there are low- and high-level picking. This refers to if the operator 

has to pick parts low from bins or storage racks or high with a forklift (de Koster Le-

Duc, & Roodbergen, 2006). 

According to Bartholdi and Hackmann, (2014) order-picking consists of three phases: 

 Travel to the position where the order is stored, which is the most work and non-

value adding. 

 Local search, searching for the exact location wanted. This is of great value if 

the parts are small and crucial for avoiding picking the wrong SKU, but it is still 

non-value adding. 
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 The only value adding activity is reach, grab and put, which also is the activity 

most resistant of automation in the warehouse. 

By analysing these steps and trying to identify improvements to improve efficiency in 

order picking, this will contribute to increase efficiency in all operations (Grosse & 

Glock, 2014) as it determines the service level to the downstream customer (Bartholdi 

& Hackmann, 2014). The cost of order picking is high and is according to some studies 

estimated to be responsible for more than 50% of the operating cost in a warehouse 

(Hsieh & Tsai, 2005). This is mainly caused by the high amount of manual work 

involved (Grosse & Glock, 2014). Of the total operating cost in a warehouse traveling 

stand for around 55% and it is thereby a main objective to reduce. By reducing the 

average tour length of an order picking route the total travel distance and the amount of 

travelling can be reduced (de Koster, Le-Duc, & Roodbergen, 2006). 

3.4.1 Storage assignment policies 

One of the challenges for the warehouse manager is to determine the right location for 

all SKUs in a warehouse. This is done by assigning the right storage assignment policy 

to overcome some challenging factors for determining the right location (Chan & Chan, 

2010). Within in the branch of industry there is an agreement in that the fastest moving 

SKU should be stored in the most convenient location for retrieval. However within the 

engineering literature, this is not the case, as a convenient location is not precise enough 

(Bartholdi & Hackmann, 2014). The use of different storage system has an effect on 

the efficiency of the policies as there is multi-level and single-level racks, different 

levels of pick density and combinations and results in performance differences in the 

picking itself (Chan & Chan, 2010). By then using the right storage assignment policy 

in the right way it can help reducing total traveling distance and will increase the 

performance of order-picking (Hsieh & Tsai, 2005). The efficiency of picking is 

undoubtedly, related to the configuration between classes and aisle. Where the optimal 

assignment is dependent of routing, the number of SKU per route and the size of the 

warehouse (Chan & Chan, 2010).  

Some storage assignment policies existing are class-based-, random- and fixed storage 

(Chan & Chan, 2010). Fixed storage indicates that an SKU is given a predetermined 

place in the warehouse and a random storage indicates that the SKUs are placed where 

there is free space (Jonsson & Mattsson, 2012). A classified storage policy is based on 

the requirements and proportions of an order that enables storage location classification 

and goods effectively (Jeroen & Gademann, 2000). Normally the goods are classified 

according to (1) system cycle time, (2) inventory turnover and (3) bill of materials 

(BOM). The class-based storage assignment policy in a multi-level rack warehouse is 

according to Chan and Chan, (2010, p.2691) the most suitable. Combined with a cross-

aisle storage the class based storage policy is close to optimal in reducing the total 

travel-time (Le Duc & de Koster, 2005). 

The key factor in determining the use of the right storage assignment policy, is pick 

density (Chan & Chan, 2010). Pick density is dependent on the orders and it is thereby 
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hard to know it in advance. Increased pick density can be retrieved by having a high 

SKU density, which is the number of SKUs per travelled meter and then by having 

stored the most popular SKUs together (Bartholdi & Hackmann, 2014). The definition 

of pick density is the variety of items in an order that affects the picking performance 

and can be calculated as (Chan & Chan, 2010): 

𝑃𝑖𝑐𝑘 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 =
𝑁𝑜: 𝑜𝑓 𝑖𝑡𝑒𝑚𝑠 𝑖𝑛 𝑎𝑛 𝑜𝑟𝑑𝑒𝑟

𝑇𝑜𝑡𝑎𝑙 𝑛𝑜: 𝑜𝑓 𝑖𝑡𝑒𝑚𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑤𝑎𝑟𝑒ℎ𝑜𝑢𝑠𝑒
       (5) 

 

Some of the perks of having a high SKU density is that the operator have many SKUs 

in the pick face, which increase pick density and reduces travel per pick. This is making 

the whole picking process more efficient and contributes in making the restocking 

easier to handle. By achieving this it reduces the local search, which is the biggest non-

value adding activity (Bartholdi & Hackmann, 2014).  

Storage assignment planning, based on ABC access frequency plus merchandise item 

similarity, is sure to be helpful on the picking performance (Chan & Chan, 2010). The 

items can be sorted after the frequency of how many times they are picked in a period. 

By doing this it is usually about 5% of the items that stands for 50% of the picks, 20% 

for 80% and the last 80 % for 20% of the picks. The results of the ABC classification 

will then help in placing the SKUs with the highest frequency of withdrawal in the most 

accessible storage locations to use the resources as effectively as possible compared to 

the importance for the operations (Jonsson & Mattsson, 2012). 

3.4.2 Tow Trains 

Tow-trains have the task of bringing the goods to the supermarket and further on from 

the supermarket to the assembly line (Limère, van Landeghem, Goetschalckx, 

Aghezzaf & McGinnis, 2011), they have the task of serving several stations on the 

assembly line and typically operate on fixed schedules (Emde, Fliedner & Boysen, 

2009). By using tow-trains the right amount of products in the right amount can be 

delivered from the supermarket to the production system minimizing the stocks and 

reducing the traveling distance with frequent and small deliveries. (Faccio, Gamberi, 

Persona, Regattieri, & Sgarbossa, 2013). Emde and Boysen (2011) highlight two 

problems with tow-trains, the routing problem regarding the fleet size, amount of 

wagons (that will affect the maneuverability of the tow-train) and avoiding congestions 

on certain stations on a route. The other problem is the scheduling problem that consists 

of what stations should be visited during a route and how long the stopovers are at each 

station. These two problems are dependent on each other to work for the assembly line 

to continue producing. The average estimated number of tow-trains used in the 

supermarket concept𝑁𝑡𝑜𝑤, the function represents of the total number of carts (for all 

tow-trains). To calculate the following formula will be used: (Bortolini, Ferrari, 

Gamberi, Manzini & Regattieri, 2015) 
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𝑁𝑡𝑜𝑤 =

𝐿𝑟𝑢𝑛

𝑉𝑟𝑢𝑛
∙ 𝑣 + 𝑇𝐿

𝑈
∙ 𝑁𝑡𝑎𝑘𝑡 ∙ 𝑑𝑖,𝑙

3600 ∙ 𝑇𝑤 ∙ 𝑛𝑡𝑜𝑤
     (6) 

The average estimated turns/day by the operators in the supermarket concept can be 

calculated with Faccio, Gamberi, Persona, Regattieri, & Sgarbossa’s (2013) way of 

calculating it as the consequence of the average part supply lead-time: 

𝑅𝑜𝑢𝑛𝑑 𝑝𝑒𝑟 𝑑𝑎𝑦(𝑁𝑜𝑝) =

𝑇𝑤 ∙ 𝜂 ∙ 𝑁𝑜𝑝 − (𝑇𝐿
𝑈

+ 𝑇𝑆)

𝑇𝑟𝑢𝑛
  [

𝑅𝑜𝑢𝑛𝑑𝑠

𝑑𝑎𝑦
] (7) 

Nop represents the number of operators while η represents the operator’s efficiency (0 

≤ η ≤ 1), and Tw is the daily working time in minutes.  

To calculate the number of loaded bins per trip (B) on the tow-trains a deeper 

understanding can be gained and the result can be used in improving the kanban number 

sizing problem: (Faccio, Gamberi, & Persona, 2013) 

𝐵 =
∑ 𝑑𝐾𝑖,𝑙𝑖,𝑙

𝑇𝑢𝑟𝑛𝑠/𝑑𝑎𝑦
   (8) 

By using the formulas and methods different key factors can be developed and by 

comparing the factors: (Faccio, Gamberi, & Persona, 2013) 

 Tow train utilization (%) 

 Turns the number of tours completed in the system  

 Total distance covered (meters) 

 Average number of bins loaded for trip (Bins/trip) 

When the performance factors has been set for the scenario the goal is to provide a tool 

to simplify the decision solving the trade-off between deciding the tow-train fleet 

dimension and management as well as the inventory stock levels (which is related to 

the number of kanban) with the goal of:  

 Determining the minimum fleet size Nop the permits the target service level SL 

to be reached (i.e., the number of missed or delayed deliveries ha a maximum 

acceptable value) and an inventory level to be considered that preserves the 

assembly system productivity 

 Optimization of refilling interval, maximizing the utilization of the tow-train 

capacity Tuti but also satisfying the service level SL imposed as input.
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4 Empirical study 
In this chapter the gathered empirical data from the chosen case company is 

presented, this data will be the foundation of the study. The goal of the empirical 

study is to gain a better understanding for the supermarket concept at the case 

company 

4.1 Description of company 

The case study has been conducted at a world-renowned multinational heavy truck 

manufacturing company that has been active in the industry for 80 years. During the 

years the Lean approach has been adopted by constructing their own version of it, more 

suitable for the company. The trucks manufactured are sold in over 130 countries 

making it one of the biggest companies in its branch of industry in the world. The 

company is branch leading in creating safer and innovative products for its customers 

and the world around them. The company achieves this by creating safe products, 

having environmental awareness as well as creating good and healthy values for the 

employees and the families around them.  

At the factory where the case study has been conducted, the production takt is 12 trucks 

per day. Trucks are made to order in which there are two base models and for every 

model there is a possibility of customizing the truck by the customer requests. The 

trucks are produced through seven assembly lines containing a total of 67 workstations 

divided differently between them. To supply the assembly lines the company are using 

a supermarket that is placed at the border of the line, close to the assembly lines. 

4.2 Supermarket 

The supermarket at the case company is today designed to have a total capacity of 2000 

different parts/articles but is only utilized to about 85% of the total capacity with 1643 

different parts stored in the supermarket today. The supermarket warehouse has five 

different aisles connected to it, three for replenishment of the supermarket and two for 

withdrawal of articles from the supermarket to the assembly line as seen in figure 6.  
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Figure 6. Layout of supermarket 

The aisles are 40 meters long and 3,5 meters wide. The racks between the aisles are 2,2 

meters wide. Replenishment aisles are the aisle in the middle and the outer aisles, 

withdrawal is made from the picking aisles, illustrated in Figure 6. Above the 

supermarket racks there are high storage racks used for warehousing bulk quantities of 

articles. The result of this is that not only the tow-trains are active in the supermarket 

aisles, but also high reach forklifts that can result in congested aisles. The aisles are 

“one direction only” so the operators are only allowed to drive in one direction to 

prevent some congestion that would have slowed the processes of replenishment and 

withdrawal down.  

The withdrawal and replenishment of the supermarket concept at the case company is 

controlled by a Kanban system. The movement of goods within the supermarket 

concept is controlled by eight tow-trains operators with one wagon each with three 

levels per wagon with the dimensions of 2x1,2 meters, a total area of 5,4 m2 per wagon. 

These tow-trains are driven a total of 86 rounds per day at the case company during the 

eight-hour work day. The rounds are divided to 56 for replenishment of the assembly 

lines (withdrawal of supermarket) and 30 for replenishment of the supermarket concept. 

Replenishment of the assembly line is done by providing good from the supermarket to 

a 727 meter long route with 67 stations spread out on seven assembly lines. When a 

container is consumed at one of the seven assembly lines, the tow-train operator will 

scan the container and a Kanban signal will be sent and completed into a picking order. 

An operator then completes the order from the supermarket to the assembly line which 

triggers a Kanban signal for replenishment of the supermarket.  

Table 2. Container Area 

Container # Area (m2) 

#100 0,027 
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#500 0,06 

#750 0,12 

#780 0,24 

#840 0,48 

 

Containers used for the articles are standardised into 5 different sizes based on the 

volume of the articles and can be seen in Table 2. Within the supermarket these 

containers are stored depending on the size ratio of the container. Smaller containers 

are placed together close to the picking area and in the most convenient location to pick 

for the tow-trains and then following size. Further the placement of goods is based on 

a master plan that the manager use as a base for decisions in where to place different 

articles, which then become random. For a new article the manager first need 

information of the size of the container, the weight and the demand per day. In the next 

stage he decides if the part should be in small, medium or big parts supply. The small 

and medium part supply can be stored in the supermarket but can’t exceed 12 kilograms 

and the big parts is stored and used for kitting. Then the manager control if the part is 

stored in the supermarket to then check with the masterplan how many parts is needed. 

4.3 Withdrawal of supermarket 

The process of replenishing the supermarket all starts with the Kanban signal from the 

operator picking an empty container from the assembly line. Picking of the empty 

containers is performed by a tow-train operator driving a “milk run” where replenishing 

the assembly lines is conducted before retrieving empty containers. As the signal is 

received from scanning a container a work order is created for replenishing the 

assembly line with goods from the supermarket. The assembly lines has a demand of 

900 containers per day with the pace of 12 trucks per day, this is provided by the seven 

tow-train operators’ performing milk runs with a monthly cost of 30 000 Thai baht 

(TBH). The average number of containers loaded per trip was measured to eleven and 

the supermarket has a service level (SL) of 85 %. In order to withdraw the parts needed 

at the assembly line the operator use an Electronic Data Access device (EDA) to get the 

order for withdrawing the supermarket. The EDA then show the work order, which 

contains information regarding, article number, quantity of the article and the placement 

of the article. However the EDA does not show the route of the picking orders it only 

show the next work order in a sequence according to the masterplan, that are used in 

selecting storage location by the manager of the supermarket which decide where to 

storage the containers and in which sequence. 
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4.4 Replenishment of supermarket 

For replenishing the supermarket at the case company the same type of tow-train as the 

withdrawal process are used. Although handling the withdrawal only one operator and 

tow-train is responsible for the replenishment. When the goods is withdrawn from the 

supermarket, a Kanban signal for replenishing the supermarket is sent which tells a 

forklift operator to pick a container from the high storage warehouse in order to be 

picked into smaller quantities. Picking of smaller quantities are conducted at the picking 

area shown in Figure 6. An operator then picks up a fully loaded wagon at the picking 

area and then replenish the supermarket. The average containers replenished in the 

supermarket per trip at the case company is 34 containers over an average refill time of 

562 seconds and of this time 64% consists of picking and 34% consists of travelling. 

The total distance travel on average per round is today ~132 meter on an average of 3,1 

aisle driven per replenishment round. When the wagon is coupled together with the 

tow-train the operator replenish the supermarket with the help of an EDA device.  
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5 Analysis 
In this chapter an analysis of gathered empirical studies and theory will be performed 

in order to generate a result. The chapter are disposed after the study’s research 

questions in order to give an easy overview of the analysis for each question. 

5.1 Research question 1 

The first part of the chapter is analysing the first research question, “How is the 

supermarket concept currently structured at the case company?” .This will be done by 

analysing the theoretical findings of the literature studies regarding, Order picking and 

the Supermarket concept. This is done together with the empirical data obtained through 

interviews, observations and measurements. 

5.1.1 Order picking 

The current work process of the order picking in the supermarket concept at the case 

company is described in the empirical study (4.2). As a result of the measurements and 

observations, key factors that represent the current state of replenishment of the 

supermarket have been retrieved. The current aisles driven per round in the supermarket 

is 3.1 for replenishing and 2,5 for withdrawal, times driven in the same aisle is 1.5 times 

and 0.6 times of the total rounds the tow-trains drives an aisle without unloading goods. 

Of the time spent on replenishing the supermarket 36% is the time travelling with the 

tow-train and the time spent per article is 20.4s. The total percentage of the total time 

spent traveling within the entire order picking process is currently 53% obtained 

through time measurements. This percentage includes the delivering to the assembly 

line that can be seen as the internal customer and can be compared to the unloading area 

in a warehouse not connected to an assembly line. Usually the traveling within a 

warehouse stands for about 55% of the total cost of order picking (de Koster, Le-duc, 

& Roodbergen, 2006). But if only the traveling within the supermarket warehouse 

concept and excluding the assembly line the traveling stands for only 39% of the order 

picking process. 

The reason the percentage of travelling in only the supermarket warehouse doesn’t 

match up with the normal percentage of what the theory indicates is because of the time 

it takes for the operators to search for the different articles, obtained through several 

observations at different occasions. Resolving this issue and making it more efficient 

would thereby impact the entire order picking process and all operations making it more 

efficient according to Grosse and Glock, (2014).   

5.1.2 Supermarket concept  

The supermarket concept at the case company is currently structured in the same way 

as Faccio, Gamberi, Persona, Regattieri, and Sgarbossa (2013) describes it by enabling 

the delivery of small frequent batches. This is made possible by the supermarket 

concept and the tow-trains performing milk runs. The picking area seen in figure 6, has 

the task of retrieving the larger goods from the high rack warehouse storage area and 
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breaking the bulk into smaller containers to place in the supermarket. The goods are 

then transported by the tow-trains replenishing and handling the withdrawal of the 

supermarket, this strategy supports Battini, Boysen and Emde, (2012) supermarket 

concept found in the theory. The containers are kept relatively small compared to the 

total area of the tow-train to enable the case company to keep a more convenient level 

of stock at the assembly lines that the supermarket is providing goods to.  

The flow of goods in the supermarket concept at the case company is controlled by the 

supermarket Kanban system. When a box is consumed at one of the assembly lines it is 

collected by one of the tow-trains and a signal is sent to the supermarket to replenish 

the assembly line. In this way the assembly lines at the case company pull the goods 

through the system in the same way Faccio, Gamberi and Persona, (2013) describes the 

process in a Kanban system. The number of stations that the supermarket supplies at 

the case company are 67 stations this is not consistent with Emde and Boysen, (2012) 

example of that a supermarket and its tow-trains can supply 20-30 stations at the 

assembly lines. But if you look at the supermarket concept as having two separate 

supermarkets divided by the two withdrawal aisles, the stations for one supermarket 

can be divided to 33/34 stations per supermarket which almost is the same level as 

described. Other factors that might impact the number of stations served can also be the 

fleet dimension, type of parts and the service level, which is 85% at the case company 

retrieved from the interview. 

5.2 Research question 2 

Following the first research question the second research question ”How can the flow 

of goods in the supermarket be improved to gain efficiency?” will be analysed in the 

same way, adding statistical data analysis and secondary data, collecting the empirical 

data. For the second research question the theoretical framework regarding JIT, Kanban 

and Tow-trains will be analysed with the empirical data. 

5.2.1 Just-In-Time (JIT) 

By working with a Kanban supermarket the case company is working with JIT as the 

supermarket is one way of getting the right part at the right time, in the right quantity. 

Which is according to Ohno (1988, p.10) is the meaning of JIT and a part of striving 

towards lean and zero inventory. Using the Kanban supermarket is a way of reducing 

the unnecessary stock at the assembly lines and get a more efficient process of feeding 

the assembly line in time to avoid stoppage. It also allows reducing the inventory levels 

at the assembly line stations as found in the theory. Decreasing lead-times, reducing 

inventory levels and increasing turnover rate is some of the key elements of the JIT 

philosophy found and helps improving the flow of goods in the supermarket concept. 

As the supermarket concept is based on Kanban cards that send a Kanban signal when 

stations at the assembly line need to be replenished from the supermarket and the 

processes pulls the goods through the system. This is according to Zhu, Meredith and 

Makboonprasith, (1994) what JIT is based on and initiated by the present needs. 
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5.2.2 Kanban 

By using Kanban as a method, the system can gain efficiency in a production system 

(Faccio, Gamberi & Persona, 2013). The Kanban cards enable a more efficient flow of 

goods that is pulled through the system with smaller containers supporting JIT. By 

calculating the number of Kanban cards there can be a limited risk of shortage at the 

assembly line that could affect a producing system in a negative way. This is because 

the number of Kanban cards is coupled with and determine the level of inventory in the 

system. By taking advantage of the Kanban benefits explained by Sugimori, Kusunoki, 

and Uchikawa (1977) in the theoretical framework, the Kanban can provide help with 

continuously changing facts within the production without using a computer, this could 

be an advantage in environments lacking the backup of computers.   

 

By using formula 1 the number of Kanban cards can be calculated using the variables 

retrieved from formula 2, 3 and 4. By calculating the number of Kanban cards the level 

of inventory can be set to reduce unnecessary inventory, reducing the cost of holding 

inventory as well as enabling free space at both assembly line and in the supermarket 

to be utilized more efficient. This formula is based on the service level set by the case 

company and by retrieving the number of cards the level of SS and the supply lead time 

(LT) for all parts will also be retrieved.  Using the formulas a standard deviation of 

parts was retrieved to be 1,07, the SS and supply LT  was retrieved for every part and 

compiled in an excel document for all the 1643 parts. The use of the formulas was made 

on the current state of the company as well as the proposed way of working in order to 

gain efficiency that is coupled to the dimension of the tow-trains fleet, the number of 

trips per day and the utilization. In order to gain efficiency a trade-off has to be made 

between the mentioned reasons and the level of Kanban cards (level of inventory). This 

is also found to be true according to Faccio, Gamberi, and Persona, (2013). In order to 

gain efficiency the Kanban card number has to increase with 50% compared to the 

current state of the case company. 

 

In the case study it was observed that the parts was randomly poured into the boxes , 

making it hard to have a precise number of parts in each box and determining the 

Kanban number when the amount of products per box is not consistent. The preferred 

way of storage containers is according to Limère, van Landeghem, Goetschalckx, 

Aghezzaf and McGinnis (2011) by using the packaging received from the suppliers’ in 

order to minimize material handling. The case company however used their own 

standardized containers for different parts dependent on the quantity and weight of the 

parts. For certain special parts stored behind bars the company used the supplier 

containers.  

5.2.3 Tow-trains 

The tow-trains have the responsibility of bringing the goods into the supermarket and 

withdrawing the goods from the supermarket to the stations at the assembly lines. 

Thereby all movement of goods within the supermarket concept at the case company is 

reliant on the tow-trains. This enable the movement of frequent small batches of goods 
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for supplying the assembly line more efficient. The used factors to measure the segment 

of the tow-trains are retrieved from the theory of Faccio, Gamberi, Persona, Regattieri 

and Sgarbossa (2013) that are: 

 

 Tow-train utilization (%) 

 Trips the number of tours completed in the system  

 Total distance covered (meters) 

 Average number of bins loaded per trip (Bins/trip) 

By calculating and using the formulas presented in the theoretical framework the key 

factors can be identified and thereby be improved by using the presented methods in 

the theoretical framework. The area of the tow-trains and the amount of containers 

transported determines the factor “Tow-train utilization”. It was found that this could 

vary between 18,5-58,3% but should strive to be as close to 100 % as possible in 

replenishment of the supermarket concept and as even as possible. The current average 

utilization of the tow-train is 35% when replenishing the supermarket. The amount of 

the number of Trips is currently 56 for withdrawal of the supermarket but should strive 

towards as few Trips as possible without compromising the determined service level. 

Using formula 7, to calculate the number of trips needed for the daily demand of 

containers resulted in that the case company need 36 rounds with today’s efficiency to 

supply all the stations with the determined service level and today’s number of 

operators which is appropriate with the service level. The containers needed per trip 

would then have to be 25 found by using formula 8 instead of today’s average of eleven 

containers per trip. If the number of tow-trains would increase or decrease this would 

have a major impact on the number of Trips needed, LT and the utilization which is 

shown in Table 3. 

Table 3. Number of operators’ impact on withdrawal 

Nop (Number of 

operators) 
B (Container/trip) Trips    (Trips/day) LT  

(Lead time for 

replenishment) 

Utilization  

(%) 

6 -16 -57,5 -8,3 (Min) - 

7 25 36 13,3 (Min) 26% 

8 7 129 3,7 (Min) 7,2% 

 

If the company would have six operators they wouldn’t be able to supply the assembly 

line with todays’ service level and would have to work more hours in order to supply 

the daily demand of parts. Would they instead increase the number of operators with 

the same service level they would have to increase the number of trips and decrease the 

number of containers per trip to seven. This would have an impact on the utilization of 
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the tow-trains with an average of 7,2% instead of todays’ 11,4% which with the right 

utilization and the right number of trips would be 26% utilization retrieved by a 

weighted calculation of the five different sizes of the containers and their demand. With 

the #100 container area divided by two due to stacking on top of each other is performed 

by the operators reducing the utilization of one box. Dimensioning the tow-train fleet 

by using formula 6 by Faccio, Gamberi, Persona, Regattieri and Sgarabossa, (2013) 

effectively dimension the number of tow-trains, which then should be seven with the 

current work process and the current service level, which is in line with what was found 

in Table 2. 

For the total distance travelled by the tow-trains they have cover 727 meter for 

replenishment of the assembly line. This is excluding the traveling in the supermarket 

concept that today is at average 132 meters. If the case company would implement the 

cross aisle picking in the supermarket concept together with its layout today which 

according to Le-Duc and de Koster (2005) is close to optimal in reducing traveling. 

They would be able to decrease the total distance travelled per round with around 48 

meters due to eliminating driving an average of more than one aisle extra per round. 

5.3 Research question 3 

The third research question ”How can goods be placed within the supermarket concept 

to gain efficiency?”, will be analysed in the same way comparing the theory with the 

empirical data as pattern matching. For the third research question the Storage 

assignment policies will be analysed towards the empirical data. 

5.3.1 Storage assignment policies 

The placement of goods in the supermarket is currently structured according to a master 

plan retrieved from the company management system that is the basis for the manager 

decision of how to sequence and place the goods. Placement of the case companies’ 

containers, are placed and grouped according to size of the containers and the articles 

size/volume but are then placed in a random way according to the decision of the 

manager in a multi-level rack supermarket warehouse.  According to Chan and Chan 

(2010, p.2691) the most suiting storage assignment policy for placement of goods in a 

multi-level warehouse is the class-based storage assignment policy. This means that the 

current storage policy might not be the most suited for the company in order to improve 

the efficiency.  

Using the right configuration between classes and aisles will undoubtedly increase 

efficiency according to Chan and Chan (2010). The layout of the supermarket at the 

case company is suitable for the use of cross-aisle picking due to having supermarket 

on both sides’ in the aisles. Although the layout is suitable, this way of picking is not 

in use at the case company, which was obtained through observations of the picking 

within the supermarket warehouse. Instead the goods are placed and received by the 

operator in sequence which then makes the traveling double of what it could have been 

using cross-aisle picking. The use of cross-aisle picking and class-based storage is 
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found to be close to optimal in reducing total travel time according to Le Duc and de 

Koster, (2005). To classify the goods at the case company an ABC classification was 

made based on access frequency and similarity between the size of containers and an 

example of this can be seen in Table 4 and the full table can be found in the appendix. 

This is made based on having the containers with highest withdrawal frequency at the 

most accessible locations. Doing so is found in the theory to enable the use of resources 

as effectively as possible. 

Table 4. Extract of an example of ABC-Classification 

Part No. EMB type Part Name Q'ty Demand (Container) Class 

992477 750 BRACKET 10 2 C 

995838 500 FLANGE NUT 25 1 C 

997188 100 HEXAGON SCREW 30 1 C 

998701 780 BRACKET 20 2 C 

990777 780 BRACKET 600 6 A 

992550 840 OIL HOSE 10 1 C 

994421 750 FLANGE SCREW 250 5 A 

996381 100 BOLT 300 3 C 

995843 780 COIL 8 1 C 

997623 840 OIL HOSE 25 5 A 

994169 100 LOCK NUT 400 4 B 

993819 780 RETAINER 10 1 C 

991771 100 FLANGE NUT 180 4 B 

998703 780 RAIN CAP 25 5 B 

996073 780 COVER 2000 10 A 

997488 100 SCREW 300 8 A 

993349 100 CONNECTOR 1000 6 A 

992106 780 BRACKET 15 1 C 

995363 100 NIPPLE 45 1 C 

998993 750 QUICK RELEASE VALVE 12 2 C 

994277 500 PIN 350 7 A 

992962 100 SCREW 400 5 B 

992265 100 LABEL 45 7 A 

993405 750 BRACKET 200 4 B 

991080 750 CABLE TIE 2000 10 A 

993625 100 HEXAGON SCREW 50 1 C 

 

As local search is one of the biggest non-value adding activity Bartholdi and Hackmann 

(2014) implies that the pick density needs to be increased, enabled by increasing the 

SKU density. As the operator search for containers a big part of the time, spent on order 

picking at the case company. The pick density at the case company is 0,014 retrieved 

from formula 5 which is quite low.  When having a high SKU density the SKU per 

travelled meter and the number of SKUs in the pick face will increase. Which result in 

increased pick density and increased efficiency in the picking process and the entire 

order picking process.
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6 Means to gain efficiency in the supermarket 

concept 
In this chapter the findings of the analysis in order to find means to gain efficiency in 

the supermarket will be explained. 

 

Figure 7. Means for efficiency 

Gaining efficiency within the supermarket concept can be made by using different 

means. In this study the means has been applied on a case company, which makes them 

more suitable for similar companies.  In order to gain efficiency the company have to 

map the current state of the supermarket concept retrieving some important KPIs for 

the formulas to be used. When the current state is established the following step will be 

to use the formulas to obtain the number of Kanban cards there has to be to gain 

efficiency and thereby determining the trade-off between inventory levels and 

efficiency gains. To obtain the number of Kanban cards needed formula 1-4 will be 

used. By knowing this the fleet size dimension, the utilization of the tow-trains and 

lastly the storage assignment for the parts in the supermarket need to be determined to 

increase efficiency. 

6.1 Dimension the tow-train fleet size 

As the current state of the supermarket concept is established the number of tow-train 

operators is known as well as utilization, current number of trips per day, distance per 

trip, bins per trip and average time to withdraw and replenish from the supermarket. By 

then using formula 7 the right amount of Trips per day needed to supply all assembly 

lines from the supermarket without affecting the service level can be obtained. This will 

also affect the number of bins needed per trip when changing the number of Trips per 

day retrieved using formula 8. When using the formulas the number of operators needed 

can be changed in order to see which number of operators will gain most efficiency. 

This can later be confirmed or denied by using formula 6 to find out the effective 

number of operators needed.  

6.2 Determine storage assignment 

For the storage assignment policies the best way to store the goods in a multi-level rack 

supermarket or warehouse is to base it on classes to make it easier for the operator to 

pick. In order to have an optimal layout of the supermarket for the tow-train operators 

to work more efficient the supermarket has to enable cross-aisle picking together with 
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a multi-level supermarket. This can result in short total travel distance and reduced total 

travel time of the operators. To decide which classes should be placed together an ABC-

classification can be made for all of the parts. The classification should then be based 

on access frequency and similarity between parts. When the ABC-classification have 

been carried through the parts with the highest frequency should be placed at the most 

accessible locations to enable the use of resources more effectively. Following the 

ABC-classification the decision of placing the parts to increase the SKU density will 

be made. Placing goods closer to each other to increase the number of SKUs in the pick 

face and increase pick density to increase efficiency in the picking process by reducing 

local search.
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7 Discussion and conclusions 
In this chapter a concluding discussion of the studies’ results will be given. Further the 

implications and limitations of the study will be described. Concluding the chapter will 

be the conclusions and recommendations and then finished by giving suggestions of 

further studies. 

7.1 Results 

In this part of the chapter the results of every part found in the analysis, which can be 

used to improve efficiency, will be discussed.  

7.1.1 Order picking 

The current state of the order picking process at the case company is structured to be 

more efficient using the findings of the analysis. Parts of the order picking process can 

be improved, this will contribute in making the entire process and operations more 

efficient. Other parts of the order picking process not connected to travelling and 

searching for parts wasn’t studied and this could have contributed to more results in 

gaining efficiency in the order picking process of the supermarket concept. It would be 

of the company’s interest to consider the results of this study to see if the current process 

of order picking is the right way of working. Due to local search and unnecessary 

traveling the process is inefficient compared to results generated by the analysis.  

7.1.2 Kanban supermarket 

The Kanban supermarket at the case company is today structured as in the theory with 

the Kanban cards pulling the parts through the system enabling JIT. However based on 

the calculations performed, the number of Kanban needed for the company with present 

circumstances would be lower compared to the Kanban card number for the more 

efficient way of working with replenishment milk runs of the assembly lines. The 

difference was found to be as much as 50% more Kanban cards that would increase the 

total amount of inventory. Thereby the company would need to consider this when 

deciding the trade-off between inventory levels and efficiency of tow-trains doing milk 

runs with the same service level. Having a high inventory level will contribute in less 

risk of delays due to insufficient inventory that would make it hard to deliver the parts 

in time as observed at the company.  If the company would change the set service level, 

the Kanban number would need to be adjusted. Based on these findings it would be 

suitable for the company to increase the number of Kanban cards to minimize the risk 

of shortage and increase the efficiency. Not implementing this can lead to reduced costs 

of stoppage which might be more costly than having a high inventory level and more 

holding costs. 

7.1.3 Tow-train 

As all movement in the supermarket concept is conducted by tow-train this is a vital 

area of the analysis. It was found that the company is working with sufficient number 

of operators but are not using them as efficient as they could do by working according 

to the findings of the analysis. The company then has to consider doing fewer runs with 
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higher number of containers per trip with longer LT due to more containers to unload. 

To make sure the right number of tow-trains will be active in the withdrawal of the 

supermarket and replenishment of the assembly line two formulas can be used. These 

formulas are based on different factors but resulted in the same amount of tow-train 

operators. This is due to that companies should strive to have as low number of trips 

per day as possible and utilizing the tow-train capacity as much as possible. By doing 

so the possibility of not being able to supply the assembly line in time would decrease 

and the reliability of the supermarket would increase making it easier to supply the lines 

according to JIT.  

7.1.4 Storage assignment 

The storage assignment at the case company is structured in a random way not using 

cross-aisle picking and instead based on picking in sequence. In order to gain efficiency 

by arranging the goods differently the company should base the goods on classes. This 

can be done by placing them according to similarity and frequency by using an ABC-

classification. Supporting this way of placing goods can then be made by placing them 

in an accessible location for quick retrieval of the operators. Placing many SKUs close 

to each other will also simplify the picking for the operators making the entire process 

more efficient. As the supermarket at the studied company enabled picking on two sides 

inside an aisle the cross-aisle picking was most suited. However if a company only have 

a supermarket in one side of an aisle this is not an option. The company then have to 

find another suitable way of increasing the efficiency.    

7.2 Method 

In this part of the chapter a discussion and criticism of the chosen approach and methods 

used in the case study will be performed. The discussion will bring up the choice of 

doing a single case study and literature studies. Following, the collection of empirical 

data through interviews, observations and measurements and the secondary data 

analysis will be discussed together with discussion regarding validity and reliability of 

the methods.  

7.2.1 Literature study 

The literature study was placed in the beginning in order to be able to build a base for 

coming methods used in the case study. By using the literature of known authors the 

quality of the study increased and helped in getting higher validity and reliability when 

conceding with the interviews. The literature was retrieved from known databases, in 

order to get as valid information as possible as well as from libraries. The literature is 

scientific articles, doctoral theses and books making the theoretical framework 

foundation broad. Only using theories that are considered to be proven makes the study 

more credible and improved the quality. When searching for literature at the libraries 

some difficulties with language appeared as well as difficulties finding the literature 

needed. Thereby only limited literature was able to be collected from these sources. As 

the study continued more literature was collected in order to maintain the quality of the 

study, as new findings at the case company appeared unknown of the authors of this 
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study. Improving the results of the literature study would have been to widen the search 

of key words of literature and aspects interesting for the study’s result found by the 

analysis. However most of these aspects was found to be outside the studied scope and 

delimitations making them unsearched for this study. Would these aspects of theory 

been studied the outcome of the study might have varied or been different.   

7.2.2 Case study 

By conducting a case study the possibility of obtaining empirical data to compare with 

the theory obtained from the literature study was enabled.  The use of a case study also 

contributed with data needed for the analysis that wouldn’t be able to retrieve only by 

using the theoretical framework. Hence was the case study crucial for many parts of the 

study but for other parts, only theory would have been possible to study and obtain the 

same result. The use of input data from the case study made it possible to conduct the 

statistical data analysis regarding Kanban number and tow-train fleet dimensioning. 

The choice of single case study is according to the authors the right choice during the 

circumstances. Given the limited time of the study and that the case company is a 

company with elaborated processes and company structure the results can be found to 

be a representative case and used for similar companies. However if multiple case 

studies would have been conducted the result could have been more reliable and 

comparisons between the studies could have been performed. 

7.2.3 Interviews 

Conducting the interviews with a foundation of the literature study was made in order 

to improve the reliability of the study by gaining understanding of the concepts studied. 

Carrying through the interviews was later conducted with responsible managers of the 

supermarket in order to receive as valid information as possible. Constructing the 

interview as a funnel was based on getting the respondent verbal. However difficulties 

with the English language made it hard to proceed with a good flow and questions had 

to be repeated several times in order to gain understanding and results. Although there 

was a language barrier the information and interview could be seen as necessary and a 

success as it resulted in getting specific knowledge of the company. However if an 

interpreter would have been present uncertainties regarding the service level could have 

been eliminated. This could have given another result if the service level was different 

than that received from the case company. 

When conducting the interview the authors took separate notes as well as sound 

recorded in order to be able to eliminate misunderstandings and interpretations by the 

authors. By doing so the study’s reliability of the interview was able to be ensured. The 

interviews was planned to be made separately with each respondent but as the 

respondents lacked in interview opportunities the interview was conducted as a group 

interview. This led to that the manager with the highest position was the one answering 

the questions and the second respondent filling in the gaps he had the most knowledge 

about. As there was hierarchy-based answers the outcome could have been different if 

two separate interviews would have been held. 
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7.2.4 Observations and measurements 

Observation was conducted to collect information regarding the current state of the case 

company and was placed early in the case study. This was to make it easier to enable 

the use of other methods such as measurements and interviews. Observing the 

supermarket concept at the case company made it possible to give an alternative view 

compared to the theoretical framework. By conducting the observation by two authors 

at different times during the study the reliability of the observation was ensured.  Had 

there been participating observation other sightings might have been made which could 

have contributed in other theories studied and then would have ended up in other or 

additional results of the study.  

To complement the qualitative method of observation the quantitative method of 

measurements was performed. By first ensuring what to measure by doing a theoretical 

framework the validity of the measurements was ensured. Conducting the 

measurements with an instrument suited for the case allowing errors that can be 

negligible due to the total time of one measurement the reliability of the measurements 

was ensured increasing the quality of the study. Would however another instrument 

which was more precise have been used and used by both authors the error value could 

have been eliminated and the variation of the measurements would have decreased. As 

the measurements were made at different occasions the environment and working 

conditions differed due to changes within the supermarket concept. This might have 

contributed in faults in the measurements leading to another result compromising the 

reliability of the study. But as the different measurements was analysed the authors only 

saw minor differences in time which was when implemented changes the measurements 

got a bit more consistent. 

7.2.5 Secondary data 

By obtaining documents from the company in order to get an overall picture and 

understanding of the current state at the case company as well as to retrieve data to be 

used in the statistical data analysis. The documents was used for the supermarket today 

which made the data valid and the reliability of the analysis was ensured which also 

increased the overall quality of the study. 

7.3 Implications 

A problem area of the supermarket warehouse and warehouses in general is order 

picking. Reducing unnecessary time spent on activities within the order picking process 

has then become a main issue at many warehouses. In this case there has been of interest 

in making these activities more efficient for the supermarket concept supporting JIT. 

Increasing the efficiency of the supermarket concept and the flow of goods can then be 

made by overseeing the fleet-size dimension, the order picking process and the 

placement of goods in the supermarket. Using reliable input for the application of the 

proposed means will generate a more reliable result. It has been shown that the 

presented methods are reliable and the case study has shown that the means used would 

be recommended to be applied in companies with similar conditions as the case 
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company within the Supermarket concept. By conducting a case study at a company 

together with the theories this have contributed in guidelines for a proposed work 

process. The findings are consistent with the majority of findings in theoretical 

framework which is already established theories and no new theories has been made, 

only tested within a new field and in this case a Supermarket. However during the case 

study some limitations was discovered as data was collected contributing in sighting 

difficulties to implement some of the findings in practice which is important to be aware 

of and notice before implementing this.  There is also a lack of information in certain 

areas of the study that would need to be deeper studied.  

7.4 Limitations  

The results of the analysis were given through numbers retrieved from the empirical 

data collection that was enabled through statistical data and observations. Retrieving 

statistical data that was credible proved to become a challenge as the case company 

made one significant change early in the study and some small changes throughout the 

study. The bigger change only contributed in re-planning some measurements, the small 

changes however may have contributed to some variation in the results as they were 

implemented while data collection was made at different occasions. This data may have 

made the results being different of that of data collected in a steady environment and 

might have affected the quality of the study. However the data wasn’t affected much 

after changes was implemented resulting in relatively consistent results before and after 

with an exception of making the measurements more consistent after changes reducing 

some variation. Beside from the changes a big issue that appeared when doing the 

observations and measurements was that the forklift operators didn’t care about the one 

way signs nor the tow-trains. This resulted in seriously congested aisles at some points 

during the empirical data collection making the tow-train operators have to wait for 

minutes. 

As one of the objectives of analysing the tow-trains and the supermarket concept was 

to minimize the total travel time and the distance travelled by the operators to make the 

flow more efficient the two was thought to be connected. However that wasn’t and isn’t 

the case as the total distance travelled is not directly connected to the total travel time. 

As there is other factors connected to the total travel time more than the distance, more 

focus could have been on those parts, which maybe would have resulted in gaining 

additional results for efficiency improvements. Although the distance wasn’t directly 

connected to the time, the area regarding pick density and placement of SKUs studied, 

made it possible to get a good result regarding reducing the total travel time. In this part 

of the theory routing was also mentioned as a factor contributing in reducing this non-

value adding time that wasn’t brought up in this study, but could have given the study 

more depth. 

When analysing the tow-train fleet dimension, the assembly line was part of the focus, 

which makes some of the statistical data analysis being conducted outside the 

delimitations of the study. Although this was needed in order to conclude the parts 
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inside the delimitations, as they are well connected, because the assembly line is pulling 

the goods through the supermarket. The limitations for the study regarding getting the 

data for the assembly line resulted in getting only documents with data needed for the 

analysis. This may have resulted in getting another result than that of conducting, 

measurements and observations of this area as well. However in this case including all 

of the assembly lines would have made the size of the studied scope much larger than 

that of today which would have been hard to manage given the limited time of the study. 

 

7.5 Conclusions and Recommendations 

The conclusions and recommendations based on the retrieved theory, empirical study 

and analysis based on the theory and empirical study combined, these are used to 

improve and supermarket concept. By having Lean as a foundation and implementing 

the different chosen parts of the concept improvements can be found in several different 

areas, JIT works towards minimizing stock and other types of waste by delivering the 

right type of goods, in the right quantity at the right time. The supermarket concept and 

Kanban system is tools to support JIT, by using the different tools and formulas 

presented the inventory levels, the right amount of Kanban cards and the correct usage 

of the supermarket concept can be implemented. By using the theories presented 

regarding tow-trains and storage location the flow of goods within the supermarket 

concept can be improved towards making it more efficient without compromising the 

set SL of the supermarket. SKU pick density, number of containers loaded per trip and 

the number of tow-train operators in the concept will also be affected in making it more 

efficient and improving the utilization of tow-trains and supermarket. By using the 

presented theories in the case study the authors believe that a similar organization as 

the case company could improve the efficiency of a supermarket concept. 

7.6 Future research 

This thesis is investigating a new area that the authors could not find specialized 

towards a supermarket concept but in general for a warehouse. A research regarding 

several case companies located in more than one region is a suggestion for further 

research. Due to this the authors recommend a future study within the placement of 

goods within a supermarket concept. An identified problem at the case company was 

the uneven flow of goods and there could not be found research in this matter, thereby 

the authors also recommend a further research within the area of evening out the flow 

of the goods within a supermarket concept.  
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Every appendix will be numbered according to this outline in the top-right corner on 

each appendix. Every appendix starts on a new page.  
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Interview questions at the case company   1 

1. Can you tell us about your current responsibilities at the company? 

2. How is the current flow of goods structured in the supermarket concept. Take 

us through the entire flow from the forklift delivering the goods at the picking 

area. 

3. How long is a work day? 

4. How many different articles is there in the supermarket? 

5. How many assembly lines and stations are the supermarket supplying with 

goods? 

6. How many models do you produce? 

7. How many articles is there per model? 

8. Cost of a delay in assembly line (per day)? 

9. What is the producing pace for each line? Products per day 

10. What are the measurements of the supermarket? 

11. What are the measurements of the assembly lines? 

12. How many tow-train operators/trucks are active in the withdrawal and 

replenishment of the supermarket? 

13. How many round trips is it per day in the supermarket, replenishing and 

withdrawal? 

14. What is the dimensions of the different containers? 

15. What is the dimensions of the wagons/dolly attached to the tow-trains? 

16. How is the Safety Stock dimensioned today? 

17. What is the service level of the supermarket 

18. How is the placement of goods decided in the supermarket?  

19. How is the information regarding picking an order received by the operators? 

20. How is the information regarding replenishment of goods received by the 

operators? 

21. What is the average speed of the tow-trains? 

22. Average time to drive the route to replenish the assembly line? 

23. Operator cost per month? 

24. Tow-train cost per month? 

25. Anything to add? 
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Example of an ABC-Classification   2 

Part No. EMB type Part Name Q'ty Demand (Container) Class 

999384 750 BRACKET 10 2 C 

990410 500 FLANGE NUT 25 1 C 

996401 100 HEXAGON SCREW 30 1 C 

999869 780 BRACKET 20 2 C 

991374 780 BRACKET 600 6 A 

999015 840 OIL HOSE 10 1 C 

998756 750 FLANGE SCREW 250 5 A 

996150 100 BOLT 300 3 C 

999527 780 COIL 8 1 C 

990981 840 OIL HOSE 25 5 A 

994636 100 LOCK NUT 400 4 B 

997746 780 RETAINER 10 1 C 

999822 100 FLANGE NUT 180 4 B 

998505 780 RAIN CAP 25 5 B 

991894 780 COVER 2000 10 A 

994829 100 SCREW 300 8 A 

997825 100 CONNECTOR 1000 6 A 

993672 780 BRACKET 15 1 C 

999908 100 NIPPLE 45 1 C 

994782 750 QUICK RELEASE VALVE 12 2 C 

997045 500 PIN 350 7 A 

996840 100 SCREW 400 5 B 

990980 100 LABEL 45 7 A 

998903 750 BRACKET 200 4 B 

995566 750 CABLE TIE 2000 10 A 

996059 100 HEXAGON SCREW 50 1 C 

997556 750 TUBE 12 2 C 

991536 100 RETAINER 400 4 B 

999252 500 BOLT 120 6 B 

996840 750 BEARING HOUSING 1 1 C 

999074 780 HEAT SHIELD 10 1 C 

999451 100 PUMP 500 2 C 

995273 750 BRACKET 10 1 C 

993270 780 BRACKET 2000 5 B 

997082 750 ENGINE BRACKET 100 5 A 

990796 750 PROTECTING PLATE 50 5 A 

995047 500 BOLT 60 3 B 

993210 840 STRAP 25 1 C 

995010 750 CABLE TIE 40 4 B 

996728 100 BRACKET 60 2 C 

997422 750 CABLE TIE 10 2 C 

990297 840 TAPE 20 3 B 
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995534 500 NIPPLE 50 2 C 

996712 780 STRAP 10 1 C 

990594 780 BRACKET 3000 5 B 

999753 840 STAY 60 3 B 

991586 750 BRACKET 5 1 C 

992974 780 OIL RESERVOIR 6 1 C 

990732 750 ENGINE BRACKET 20 2 C 

995811 750 BRACKET 25 1 C 

999986 500 NIPPLE 25 1 C 

993519 840 MOUNTING STRAP 30 4 B 

996315 100 LOCK NUT 30 5 B 

992020 500 NIPPLE 40 4 B 

996152 100 FLANGE NUT 20 1 C 

991692 500 PIN 120 3 B 

994056 750 FLANGE SCREW 10 1 C 

992494 750 BRACKET 20 4 B 

994823 100 FLANGE NUT 40 3 B 

997101 500 FLANGE NUT 400 4 B 

993317 750 FLANGE SCREW 5 1 C 

993304 780 BRACKET 10 2 C 

996623 500 HOSE 15 1 C 

991538 500 PIN 5 1 C 

995450 500 FLANGE SCREW 50 2 C 

992138 780 COIL 5 1 C 

992125 780 STUB 12 2 C 

995334 840 EXHAUST HOSE 8 1 C 

994644 780 RAIN CAP 5 1 C 

999959 100 BOLT 100 4 B 

994307 840 OIL HOSE 20 1 C 

990386 100 SCREW 180 2 C 

995471 750 BRACKET 20 2 C 

997366 100 HEXAGON SCREW 80 2 C 

996740 500 BOLT 8 1 C 

997106 500 FLANGE SCREW 65 1 C 

993049 840 TAPE 20 2 C 

999549 100 HEXAGON SCREW 1000 12 A 

999215 840 SCREEN 70 7 A 

997320 750 TUBE 150 2 C 

994376 750 FLANGE SCREW 50 5 A 

999222 100 BOLT 200 4 B 

997678 750 BRACKET TRAILER 100 4 B 

993243 780 RETAINER 15 1 C 

998635 100 SCREW 20 1 C 

993572 780 COIL 32 4 B 
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997442 750 EXHAUST PIPE CLAMP 12 2 C 

998990 750 PROTECTING PLATE 200 4 B 

999157 780 STRAP 20 4 B 

991262 780 BRACKET 30 1 C 

990290 780 STUB 40 4 B 

999357 750 QUICK RELEASE VALVE 150 3 B 

993258 780 COVER 20 2 C 

999156 780 COIL 1000 5 B 

993021 500 HOSE 20 10 A 

997597 750 QUICK RELEASE VALVE 10 1 C 

998388 780 RUBBER HOSE 1000 10 A 

990091 780 RUBBER HOSE 10 2 C 

991025 780 HEAT SHIELD 500 5 B 

997592 100 CONNECTOR 800 5 B 

 


