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automotive industry 

 

Background: The automotive industry accounts for a large part of the European 

economic structure. Due to both economical and environmental impacts, the industry 

has undergone substantial changes and companies have to increase their efficiency 

to stay competitive. An improvement-area, which can be directly influenced by the 

company is the internal material handling. A new technology that potentially supports 

the internal material handling process is the radio frequency identification (RFID) 

technology, which is perceived as a fruitful successor of the common barcoding 

technology. Even though the RFID technology shows multiple benefits over the 

barcoding technology, many companies are still reluctant to the application of the 

new method. The authors therefore strive to provide a deeper understanding of the 

following two research questions: 

 

RQ 1: To what extent and how is RFID currently applied in the internal material 

handling process in the investigated automotive companies? 

RQ 2: For what reasons did the investigated automotive companies decide to apply 

or not apply RFID technologies to support their internal material handling process? 
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Purpose: The purpose of this thesis is to show through a multiple case study to what 

extent and how RFID technology is currently applied to support the internal material 

handling process in a number of companies in the automotive sector, both original 

equipment manufacturers (OEMs) and suppliers. Thereupon the main reasons for or 

against the application of RFID in these companies are examined. 

 

Method: This thesis adopts a positivistic perspective and a deductive approach. It is 

designed as a qualitative multiple case study carried out in four different companies 

with five different plants in the automotive industry. Empirical data was gathered 

through interviews. The analysis is based on primary as well as secondary data. 

 

Conclusions: Throughout the course of the study it became apparent that the RFID 

technology is on the radar of all investigated companies. Only Scania Zwolle, Volvo 

Skövde and Bosch Homburg apply the technology and see concrete benefits in the 

usage of RFID above barcoding. The extent of application here differs from a large 

scale to a small scale. The three companies name benefits such as an improved 

automatic tracking & tracing system with improved real-time data quality and a 

reduction in costs, which is mainly achieved through a reduction of manual labour. 

Additionally they face benefits, which are business-specific such as the possibility for 

automatic alerts throughout the internal material handling process at Scania Zwolle, 

the need for a ‘silent’ successor over barcoding at Volvo Skövde and a supporting 

tool for their lean management program at Bosch Homburg. 

VDL Nedcar Born and Scania Oskarshamn in turn name concrete reasons for not 

applying the technology. VDL Nedcar Born is undergoing substantial changes in their 

production facility which currently has priority and Scania Oskarshamn does not see 

benefits that outweigh the high costs for the RFID technology. 
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1 Introduction 

In this chapter the reader is given background knowledge about the 

development of the automotive industry, barcoding and Radio Frequency 

Identification (RFID) technology with its development over time that enables 

companies to improve their internal material handling processes. Some 

problematic issues about the adoption of RFID in the automotive industry are 

then discussed followed by two research questions that form the basis of this 

paper. The scope of the topic is then narrowed down to provide a specific 

research area. Time frames are presented that show a predicted and actual 

weekly planning. A disposition to provide the reader with the structure for the 

rest of the paper is given after that. Lastly, an analysis model is provided that 

serves as a backbone where this thesis was built upon. 

 

1.1 Background 

The automotive industry is an important part of Europe’s economic structure. It 

is one of the major contributors to the Gross Domestic Product of the European 

Union (EU) (europa.eu, 2014). With three million employees in automobile 

manufacturing (including direct suppliers), the industry accounts for 10 % of all 

manufacturing jobs within the EU (acea.be, 2014).  

In the last decades the industry has undergone substantial changes. A trend 

with significant impact on the automotive manufacturing environment is 

globalisation. Due to lower operational costs (i.a. because of lower wages) 

Original Equipment Manufacturers (OEM) and suppliers1 alike shifted their 

production to low-cost-countries and regions like Eastern Europe and Asia 

(Chiappini, 2012). Globalisation in combination with a broader product variety 

leads to the necessity of flexibility in the production and short response times to 

unforeseen circumstances (Dai et al., 2012). Furthermore the value creation 

                                            
1
 In this thesis the term OEM represents automobile and commercial vehicle (truck, bus, 

construction vehicle, etc.) manufacturers such as BMW, Scania, Volvo, Volkswagen and the 
like. The term supplier denotes direct suppliers to the OEM (e.g. Bosch, Continental, Denso, 
SKF). Due to the complex differentiation no distinction is made between system and component 
suppliers. 
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shifted, through outsourcing of production activities, more and more from OEMs 

to suppliers – supply chains emerged through vertical integration (Ciravegna et 

al., 2013). 

Changes in the industry affected not only the work in external supply chains but 

also in the “internal supply chain”, meaning the internal processes that are 

necessary to produce a product in the desired time, quality and foremost to the 

right costs. OEMs and suppliers alike operate in a highly competitive business 

environment. There is a high pressure to increase efficiency and decrease costs 

in order to secure or improve the market position, especially in Europe (Ili et al., 

2010). To ensure this, companies within the automotive sector are typically 

highly automated (Tang et al., 2011). 

It is not a coincidence that the principles of lean manufacturing and lean 

management, which are widely applied in all kinds of business areas nowadays 

(Taylor et al., 2013), were first introduced in the automotive industry, namely at 

Toyota (Womack et al., 2007). Taiichi Ōno (1988), the “father” of the Toyota 

Production system, describes the key target of lean as increasing efficiency 

through the elimination of waste and non-value-adding activities. This principle 

cannot only be used in the manufacturing process but in every process within 

the organisation (ibid).  

In order to create flexibility and eliminate waste and non-value-adding activities, 

the processes have to be identified, and preferably mapped (Chen et al., 

2013a). Wang (2014) underlines that there is a need for traceability among 

manufacturing companies, i.e. a real-time view into their production and 

material handling processes to identify objects and their (in)efficiencies. 

According to Vincent (2012) material handling can be described as every 

movement of materials (manual and automatic) from an upstream to a 

downstream operation. Internal here means from goods receipt until goods 

delivery within a plant (ibid). 

Barcoding, an object identification technology, was introduced many years ago 

to improve the traceability of products (Want, 2006). This technique consists of 

a barcode on a specific object that needs to be identified and scanned from a 

close distance to read the data that is linked to this barcode (Ilie-Zudor, 2011). 
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Many firms still use barcoding in their supply and manufacturing processes 

today (Schmidt et al., 2013), amongst others because of rather low 

implementation and operational costs (Preradovic & Karmakar, 2010). 

A more recent and sophisticated technology for the identification of objects is 

Radio Frequency Identification (RFID): it does not require a line of sight but can 

be operated from a distance (Baysan & Ustundag, 2013). It is managed 

wirelessly and without physical human involvement and is therefore, according 

to Chen et al. (2013a), superior to barcoding. Walker et al. (2004, p. 1.) define 

RFID as “A data collection technology that uses electronic tags to store 

identification data and a wireless transmitter or reader to capture it”. RFID uses 

radio waves to exchange data between a reader and the illustrated RFID tag to 

provide real-time information that can be used to support decision making 

(Chen et al. 2013a). 

 

 

 

 

 

 

 

Figure 1: Example of a RFID tag 

Source: BarcodesInc (2014) 

 

The data that is collected on the so-called RFID tags (see Figure 1) can contain 

information such as the manufacturer, product type, temperatures or humidity 

(Aggarwal et al., 2013; Want, 2006). Compared to barcodes, RFID supports a 

wider set of information that enhances traceability of a product throughout its 

value chain (Cao et al., 2009). Kravenkit & Arch-int (2013) therefore argue that 

the implementation of RFID reduces the amount of time invested in non-value-

adding activities within a production process and thus increases a company’s 
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efficiency. Zhu et al. (2012) add that RFID can also increase the production 

flexibility, especially in highly automated production areas. 

Recent years reveal a growing adoption of Radio Frequency Identification by 

companies in various fields, such as logistics, automotive and automation 

systems (Dardari, 2013). Other than market and process related developments, 

Wang (2014) and Schmidt et al. (2013) argue that the improvements in 

Information Technology (IT) and data processing make firms tend to replace 

barcode techniques with RFID in their organisation. 

 

1.2 Problem discussion 

As described before, the automotive industry is in a struggle to be more efficient 

and cost effective (Ili et al., 2010). Areas of improvement in the automotive 

industry lie, amongst others, in the logistics area (Broy et al., 2011; Xia & Tang, 

2011). A part of this, which a company can influence directly, is the internal 

material handling process (Pettersson & Segerstedt, 2013). Through the 

transparency that RFID creates in logistical flows, such as the internal material 

handling, it is a useful tool to identify objects and eliminate non-value-adding 

activities and thus increase flexibility & efficiency and decrease costs (Kravenkit 

& Arch-int 2013; Zhu et al., 2012). In comparison with barcoding it is easier to 

handle and less error-prone (Chen et al., 2013a). As a logical consequence 

companies competing within the automotive industry could benefit from the 

usage of this technology (Leung et al., 2014). 

 

To what extent and how? 

Despite the advantages of RFID, barcoding is still applied in the majority of 

automotive companies for object identification (Schmidt et al., 2013). Schmidt et 

al. (2013) however claim that RFID is a potential successor to either 

complement or replace barcoding. Together with Sharma and Thomas (2013) 

they express that during a potential transition from barcoding to RFID 

companies tend to use both approaches at the same time to either smoothly 

manage manufacturing processes that are yet integrated with barcoding or test 
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a new system. In fact, recent years have shown an increased attention towards 

RFID implementation projects in the automotive industry (Leung et al., 2014; 

Makris et al., 2012; Modrak & Moskvich, 2012; Schmidt et al., 2013; Tabanli & 

Ertay, 2013). As the number of researches in this field is still limited, a multiple 

case study is presented, which potentially adds value to the scientific discourse. 

This study covers to what extent and how RFID is currently applied in the 

internal material handling process of OEMs and suppliers in the automotive 

industry: To what extent and how. 

 

Why or why not? 

Once it is clarified where and how RFID is applied in the above mentioned 

context, the reasons that speak for or against using this technology in the 

investigated companies shift to the centre of attention. The benefits of RFID 

have been shortly discussed above. Multiple authors point out different reasons 

to not implement RFID technology and to continue using barcodes, one of 

which is higher costs (Kim et al., 2013; Leung et al., 2014; Modrak & Moskvich, 

2012). But are the reasons provided in the literature also the reasons for the 

practical application? What are the main reasons for or against applying RFID? 

These questions can be answered through a multiple case study that analyses 

the reasons, for which OEMs and suppliers in the automotive industry decide to 

apply or not apply RFID technologies to support their internal material handling 

process: The why or why not. 

 

1.3 Research questions 

Based on the problem discussion the following research questions were 

derived: 

RQ 1: To what extent and how is RFID currently applied in the internal material 

handling process in the investigated automotive companies? 

RQ 2: For what reasons did the investigated automotive companies decide to 

apply or not apply RFID technologies to support their internal material handling 

process? 
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1.4 Purpose 

The purpose of this thesis is to show through a multiple case study to what 

extent and how RFID technology is currently applied to support the internal 

material handling process in a number of companies in the automotive sector, 

both OEMs and suppliers. Thereupon the main reasons for or against the 

application of RFID in those companies are examined. 

 

1.5 Limitations 

The scope of this thesis is limited to manufacturing companies in the automotive 

industry. Within this industry, OEMs as well as suppliers are examined. Usage 

of the barcode and the RFID technology in other industries or business areas 

(e.g. retail) will be discussed only shortly to exemplify the general usage of the 

technology. OEMs and suppliers were chosen as they form the backbone 

organisations within the complex processes of today’s automotive industry. 

The main focus lies on internal material handling processes, which should be 

interpreted as every movement of materials (manual and automatic) from goods 

receipt to goods delivery within a plant. Therefore external processes (activities 

prior to goods receipt and after dispatch, e.g. transportation to/from customers) 

will not be discussed. 

Geographically, the study is limited to companies that operate within Europe. 

Europe is one of the major hubs in the automotive industry where multiple 

industry-leading OEMs and suppliers are located. Furthermore the automation 

and technological standards in production facilities in Europe, especially in 

Western Europe, are high. A third reason for focussing on Europe is the rather 

easy accessibility of the companies as the authors of this thesis come from The 

Netherlands and Germany and the thesis is written in Sweden. 

This thesis, and the empirical findings in particular, do not claim to give a 

complete overview of the usage of RFID within the global automotive industry. It 

should be rather seen as a sample study. Further research and broader case 

studies are required to give a representative overview of the usage of RFID in 
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the global automotive industry. The findings of this thesis can serve as a basis 

for such studies. 

 

1.6 Time frame 

 

Table 1: Planned vs. actual time frame 

Source: Own creation 

 

Table 1 depicts the planned and the actual time frame of this thesis. Two main 

reasons for the divergence from the planned and actual time frame can be 

identified. The selection of an appropriate topic and the introduction, including 

background, problem discussion and formulation of the research questions took 

longer than anticipated and had to be revised several times. The other main 

reason was finding appropriate sample companies that were willing to 

contribute to this thesis. Although the first contact with companies was made at 

the beginning of week 6 the first interview could only be conducted three weeks 

later. 
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1.7 Disposition 

Figure 2 depicts the disposition of this thesis and will be explained in the 

following. 

 

Figure 2: Disposition 

Source: Own creation 

 

This thesis starts with an introductory chapter to give the reader an overview of 

the background of the topic and the purpose of this thesis, also an analysis 

model will be given to show the reader with a structural explanation for the 

thesis. In chapter 2 different methods of conducting a study are discussed and 

the approach of this thesis is presented. In chapter 3 a theoretical study is given 

where the reader is provided with an insight into the internal material handling 

process, barcodes and radio frequency identification, with an emphasis on the 

last. Chapter 4 treats an empirical study where feedback from several 

interviewed companies concerning their usage of RFID in the internal material 

handling process is presented. Consequently, the theoretical and empirical 

studies are then juxtaposed to identify differences in the analysis in chapter 5. 

The conclusion in chapter 6 summarises the content of the thesis. Chapter 7 

and 8 contain the references and appendices respectively. 
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1.8 Analysis model 

 

Figure 3: Analysis model 

Source: Own creation  
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2 Methodology 

This chapter treats how this study was conducted. Many different approaches 

exist to conduct a study, which strongly depend on the type of study. This study 

is designed as a multiple case study, which was taken into consideration when 

selecting the appropriate methodology. The chapter starts with the scientific 

perspective, followed by the scientific approach, research- and sampling 

methods, data collection, analysis method, scientific credibility and research 

ethics. The chapter concludes with a synopsis that depicts all the selected types 

of methodology in one overview. 

 

2.1 Scientific perspective 

The scientific perspective copes with what should be regarded as acceptable 

knowledge in a scientific research (Bryman & Bell, 2011). Two concepts, 

positivism and hermeneutics, are described in the following. 

Positivism is a concept that applies research methods of natural science to 

social science studies (Saunders et al., 2009). In positivism, knowledge derives 

from experiences that can be observed by human sense (e.g. hearing, seeing, 

feeling) (Bryman & Bell, 2011) and follow a certain logic (e.g. if A is true then A 

leads to B) (Myers, 2013). Through testing hypotheses, generalisation can be 

achieved (Saunders et al., 2009). Gill and Johnson (2010) advocate that 

positivistic research uses highly structured methods to generate knowledge that 

creates quantifiable observations and is processed in statistical analyses. 

Saunders et al. (2009) however argue that unquantifiable data, gathered in an 

interview for example, can also be used in a positivistic approach. It is important 

though that all research is objective, i.e. unbiased (Bryman & Bell, 2011). 

The concept of hermeneutics on the other hand stresses the importance of 

context when interpreting a situation (Eriksson & Kovalainen, 2008). The main 

goal is the understanding of human behaviour (Bryman & Bell, 2011). Fully 

objective interpretations are, according to this theory, not possible (Myers, 

2013). The researcher has to apply his own subjective knowledge to acquire 
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scientific results (Zikmund et al., 2012). Hermeneutics is mainly used to 

interpret qualitative data (Myers, 2013). 

 

Scientific perspective of this thesis 

This thesis adopts a positivistic perspective. Theoretical knowledge about the 

automotive industry and the usage of barcoding and RFID in the internal 

material handling process is gathered through literature research and related to 

the multiple case study. This theory is later compared to the empirical findings 

that are acquired through interviews with the chosen sample companies, which 

denotes a positivistic approach. The interviews are unbiased and objective. 

Although findings leave little room for subjective interpretations, some 

subjective knowledge is used, which however is scientifically verified. 

 

2.2 Scientific approach 

According to Bryman & Bell (2011) and Patel & Davidson (2011) a scientific 

approach describes the relation between the theory and reality. They distinguish 

two types of approaches: deductive and inductive. A research with a deductive 

approach starts with a theory that serves as the input for a hypothesis, which is, 

according to Ary et al. (2010), a vital part of a scientific study. The theory and 

hypothesis consequently form the foundation for a research that will be 

performed through a form of data collection to present findings (Bryman, 2012). 

Ary et al. (2010) describe the deductive approach as a funnel process that goes 

from general to specific knowledge. It is mostly characterized through its linear 

process, which is visible in the logically sequenced structure of the study 

(Bryman & Bell, 2011). 

An inductive approach typifies the contrary of deductive. With an inductive 

approach theory derives from data collection and findings that are carried out, 

where reality is considered as a starting point to build up a hypothesis (Ary et 

al., 2010). Theory will here be consulted to reflect the empirical study. This 

approach is often applied when available or accessible theory lacks behind or is 

out of date (Bryman & Bell, 2011; Bryman, 2012). Other than that, Bryman and 
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Bell (2011) argue the inductive approach is mostly associated to a qualitative 

research whereas the deductive approach tends to focus more on a quantitative 

research. Figure 4 depicts the two different approaches: 

 

 

Figure 4: Deductive vs. inductive approach 

Source: Own creation inspired by Bryman & Bell, p. 11 (2011) and Patel & Davidson, p. 25 

(2011) 

 

Scientific approach of this study 

This study is built upon a deductive approach. This approach is chosen 

because enough recent theory is available that can be juxtaposed to a 

hypothesis. Moreover, the research starts with a rather general view on the 

topic, which is getting more specific in the process: theory about the automotive 

industry, internal material handling and developments in barcoding and RFID is 

described first. Together with hypotheses that are deducted from the theory, a 

foundation for a multiple case study is formed. This study contains a collection 

of data that is juxtaposed to the given theory to draw conclusions and reflect to 

the hypothesis that is identified for this paper. Despite Bryman & Bell’s (2011) 

opinion that the deductive approach is primarily selected for quantitative 

studies, mainly qualitative data is used in this paper. 
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2.3 Research method 

2.3.1 Quantitative and qualitative approach 

A quantitative research can be described as the collection of numerical data in 

order to gain knowledge (Bell, 2010). The research object has to be measurable 

and quantifiable (e.g. income, market value) (Saunders et al., 2009). It is often 

used when a positivistic perspective and a deductive approach are applied 

(Bryman & Bell, 2011). Surveys and structured interviews with pre-set questions 

are usually used as collection methods for quantitative data (Bryman & Bell, 

2011). Furthermore, this method is typically conducted on a large scale 

(O’Leary, 2009). Due to the objectivity of a quantitative research the 

replicateability is perceived as rather high (Bryman & Bell, 2011). 

Qualitative research on the other hand is focused on non-numerical data 

(O’Leary, 2009). Researchers using this approach have a subjective view on 

the research object (Zikmund et al., 2012). It is often used when interpretivistic 

perspectives, like hermeneutics, and an inductive approach are applied 

(Bryman & Bell, 2011). Frequently used data collection methods are 

observations and semi- or unstructured interviews (Bryman & Bell, 2011). 

Furthermore this method is typically conducted on a smaller scale (O’Leary, 

2009). Due to the subjectivity of a qualitative research the replicateability is 

perceived as rather low (Bryman & Bell, 2011). 

Several authors (Bryman & Bell, 2011; O’Leary, 2009; Zikmund et al., 2012) 

argue that although there is a distinguishing of both methods in theory, most 

real-life research projects yield the highest result when a mixture of both is 

used.  

 

Research method of this thesis 

The research method of this thesis is qualitative. Through this approach, a 

deeper understanding about to what extent, how and why the investigated 

companies use (or do not use) RFID in their internal material handling process 

can be realised. 
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2.3.2 Survey and case study 

Yin (2014) describes different methods to conduct a research project, two of 

which are surveys and case studies. 

A survey is commonly used for research projects that apply a quantitative 

approach (Nardi, 2006). This typically includes a questionnaire or a structured 

interview that is to be answered by a larger number of participants in order to 

create a valid research outcome (Bryman & Bell, 2011; Saunders et al., 2009). 

An advantage of surveys is that they require relatively little resources to get a 

large amount of (mostly quantitative) data (Zikmund et al., 2012). A 

disadvantage is, that through the pre-set questions it may lack the depths of 

other methods (Bryman & Bell, 2011). This technique is commonly used in a 

deductive approach and for an exploratory and descriptive research (Saunders 

et al., 2009; Zikmund et al., 2012). 

Although a case study is typically conducted when a qualitative approach is 

applied (Creswell, 2014), it can also be used for quantitative studies (Bryman & 

Bell, 2011; Yin, 2014). A case study can consist of a single or multiple case 

study (Saunders et al., 2009). Yin (2014) states that it is a common 

misconception that case studies are only suitable for explanatory studies 

whereas descriptive studies should use other methods, like surveys – in fact a 

case study can be used for both situations. Furthermore he claims that case 

studies are superior over other methods when: 

o the research questions are formulated as “how” or “why” 

o the researcher cannot control behavioural events 

o the study focuses on contemporary topics 

o the study relies on multiple sources of evidence 

An advantage is that case studies typically provide a deep insight into the 

research object (Creswell, 2014). On the other hand, as the number of research 

objects is normally small, it may lack the ability for generalisation (Saunders et 

al., 2009).  
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Research method of this thesis 

This thesis is designed as a descriptive and explanatory multiple case study as 

the researchers seek to answer an open-ended “why” question with the input 

from multiple organisations in this study. The purpose is to give a deep insight 

about to what extent, how and why RFID is applied in the internal material 

handling process in the automotive industry. The qualitative study is undertaken 

among a small number of companies, which might however lack the ability for 

generalisation but keeps the researchers focussed on the topic within the given 

time frame. Furthermore, this technological topic is rather contemporary.  

The choice of a case study may be debatable. The authors of this thesis are 

aware that, through applying a single-informant-approach, they lack multiple 

sources of evidence per organisation, as required for a case study. At the same 

time the authors believe that a survey is not the correct approach for this thesis 

because this mostly typifies quantitative data, relies on a large number of 

participants and uses structured interviews. The authors of this thesis believe 

that even if a narrow survey approach with few participants would be chosen, 

the characteristics of a case study still outweigh the characteristics of a survey. 

It is acknowledged that other readers might perceive this differently. 

 

2.4 Sampling method 

Bryman and Bell (2011) highlight the importance to select a target group, or 

sample, to deal with hypotheses. A sample is a segment of all possible 

organisations to be selected for an investigation (Bryman & Bell, 2011; Levy & 

Lemeshow, 2013). One approach is the non-probability sample, which means 

that only predetermined companies that are relevant for the study subject are 

examined rather than a random selection (i.e. probability sample) (Graziano & 

Raulin, 2010; Levy & Lemeshow, 2013). Through limiting the target group, 

Bryman & Bell (2011) describe that the narrower the limitations are, the more 

specific one can be but at the same time less feedback from different firms or 

angles can be expected. 
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Bryman & Bell (2011) emphasize two shortfalls one could face when contacting 

potential target groups. A non-sampling error (1), meaning the response is not 

in line with what the hypothesis asks for. Examples here can be an incorrect 

sampling frame (wrong selection of companies) or wrong questioning. A non-

response (2) can be considered as a wrong way of approaching a selected 

company or aspects that are out of control such as a time shortage or no 

cooperation interests from a company’s point of view. 

 

Sampling method of this thesis 

This study is designed for a non-probability sample. The extent, to which the 

target group is limited is rather high, namely to OEMs and suppliers in the 

automotive industry. These two target groups do however not necessarily have 

to be connected with each other. A maximum of five companies is examined to 

endorse a thorough research within the given timeframe. As this study is 

conducted in Sweden, the accessibility to conduct interviews plays a major role 

in the selected organisations to consider. Organisations that are predicted as 

relevant but are geographically-wise out of reach are contacted via alternative 

channels, which are explained later in this chapter. Therefore organisations in 

both Sweden and Western Europe are taken into consideration for this study. 

The examined companies are consciously chosen to create a relevant and 

representative research that fits the hypothesis of this study. 

 

2.5 Data collection 

Myers (2013) distinguishes two different types of data: primary and secondary. 

Primary data is all data that is collected for the specific purpose of the 

conducted research (Saunders et al., 2009). Typical primary data collection 

methods include interviews and observations (Bryman & Bell, 2011). 

An interview can have three different approaches: structured, semi-structured 

and unstructured (Bell, 2010). Structured interviews have pre-set questions and 

a fixed questioning order (Bryman & Bell, 2011). Semi-structured interviews 

have some pre-set questions but leave room for further questions or 
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interpretations (Saunders et al., 2009). Unstructured interviews have a broader 

topic but no or only little specific questions (Yin, 2014). Structured interviews 

are mostly used in a quantitative approach whereas the last two types are 

commonly used in a qualitative approach (Bryman & Bell, 2011). There are 

different variants of conducting an interview, e.g. personally, via phone or via e-

mail (Zikmund et al., 2012). An advantage of an interview is that the questions 

can be adapted and, if necessary, clarified in the course of the interview and 

thus lead to a deep understanding of the research object (Bell, 2010). A 

disadvantage is that it is rather time-consuming (including preparation time) 

(Bryman & Bell, 2011).  

Observations can provide an in-depth view into the research object but are at 

the same time rather time-consuming (O’Leary, 2009). Both interviews and 

observations are commonly used data collection techniques when conducting 

case studies (Yin, 2014). 

Secondary data is data that is yet available as it was already collected for 

previous studies or other purposes (Saunders et al., 2009). It can be found in 

various mediums, e.g. scientific journals, scientific literature, publications by 

companies (e.g. annual reports), public data, research findings from universities 

or conferences, newspapers, magazines, databases and many more (Kothari, 

2004). Secondary data collection has the advantages that it can be done within 

a limited timeframe and with limited resources available (O’Leary, 2009). 

Disadvantages are that one has no control over the means of how the data was 

collected in the first place, the topics dealt with might be to broad or not fitting 

the hypothesis and the findings may be biased by the original researchers 

perspective (Vartanian, 2010). 

 

Data collection of this thesis 

This thesis uses primary as well as secondary data. Primary data was gathered 

through interviews. As a qualitative approach is applied, the interviews are 

conducted as semi-structured interviews with pre-set questions in order to get a 

deep understanding of the subject and to give room for a different questioning 

order. The interview guide is created through a deep understanding of the 
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subjects that was gained in the course of the literature review. The interview 

guide can be found in Appendix 1. Table 2 gives an overview of the interviews 

that were conducted in the course of this thesis: 

 

 

Table 2: Overview of conducted interviews  

Source: Own creation 

 

Secondary data is gathered through books, articles and data available on the 

Internet (e.g. companies’ web pages). Search engines to review scientific 

literature are accessed through the database of Linnaeus University’s library. 

The main engines used are OneSearch and Google Scholar. Primary search 

keywords include RFID, radio frequency identification, automotive industry, 

barcoding and internal material handling. Furthermore books from the 

University’s library are consulted.  
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2.6 Analysis method 

After a hypothesis has been set and a literature review has been conducted, it 

becomes essential to determine how to analyse this data correctly, which is 

probably the most cumbersome part of the study (Yin, 2012). According to 

Graziano & Raulin (2010) and Yin (2012) it is of utmost importance to define an 

analysing method, preferably chosen before the actual research starts, that fits 

the particular research. Yin (2012) describes different techniques that can be 

used to analyse data, which highly depends on the researcher’s intention when 

a study is commenced. He distinguishes motives from three different 

perspectives: addressing research questions, obtaining general lessons and 

discovering a hypothesis. A reflection of these perspectives before actually 

starting the analysis helps to remain focussed on the purpose of the study 

(Graziano & Raulin, 2010; Yin, 2012). 

One potential analysing technique to apply is pattern-matching. With pattern-

matching the researcher stipulates expected findings at the outset of a study, 

which will in a later phase be matched with the empirical findings (Yin, 2012). 

According to Saunders et al. (2009) this technique is advised for qualitative 

studies. A second approach concerns an open-ended research where no prior 

predictions are outlined. Yin (2012) refers this to the explanation-building 

technique where researchers try to get a clarification about why a particular 

event occurred. This approach is preferably used for qualitative studies 

(Saunders et al., 2009) and mostly deals with ‘why’ research questions (Yin, 

2014). Furthermore a time-series analysis can be exploited. This type of 

analysis is mostly carried out in quantitative research but does however not 

exclude a qualitative study. A study here is analysed (likely with a table) to show 

a development over time, for example in trends, within the investigated subject 

(Yin, 2014). 

Graziano and Raulin (2010) advocate a correlational analysis. They express 

that this approach applies to multiple case studies as it covers relations 

between various investigated objects and their potential causality. A 

correlational approach possibly provides recognition in trends or developments. 

This is however specified to the sample organisations and does therefore not 
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provide a fruitful result for similar but non-examined organisations (Graziano & 

Raulin, 2010). Finally, generalisation can be considered to apply (Graziano & 

Raulin, 2010; Yin, 2012). Generalisation represents a translation from a 

multiple-case study to a more general analysis, of which the outcome becomes 

interesting for other, similar characterised organisations that have not been 

taken into account in the study (Graziano & Raulin, 2010). Saunders et al. 

(2009) express that this technique requires numerical samples and shows 

deductive characteristics. 

 

Analysis methods of this thesis 

As described earlier, this study is conducted as a multiple case study with five 

sample organisations due to the given time frame. A specific hypothesis is set 

that, by means of research questions, forms the foundation of this study. The 

analysis is carried out to specifically address these questions. This refers to an 

analysis that is done through an open-ended research, which means that the 

authors do not have any predictions either before or after the research 

commenced. Other than that the explanation-building technique is applied to 

highlight choices that are made by the sample companies regarding the 

discussed topic. 

 

2.7 Scientific quality 

According to Saunders et al. (2009) research findings of a study provide the 

reader with new insights on the discussed topic. One does however not know to 

what extent these findings exactly contribute these improvements, i.e. 

credibility. Yin (2014) claims that credibility is strongly related to the quality of 

methodological studies and covers two aspects: validity and reliability. 

 

2.7.1 Validity 

The term validity refers to the methodological soundness and appropriateness 

whether something that has been researched, actually had to be researched 
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and thus adds value to the hypothesis that was set in the outset of the study 

(Graziano & Raulin, 2010). Saunders et al. (2009) explain validity as whether 

the findings are really about what they appear to be about. The term validity 

therefore keeps the researcher focussed on where one should focus on. 

In his study Yin (2014) distinguishes three types of validity: construct, internal 

and external. Construct validity is used to create an objective judgement, which 

is built upon multiple sources and therefore tends to be easier in descriptive 

than in explanatory studies (Yin, 2014). To help reducing the threats of 

construct validity, researchers should use clearly stated definitions and 

consciously set a hypothesis (Graziano & Raulin, 2010). Internal validity, which 

is mainly applicable for explanatory or causal studies, should be considered 

(Yin, 2014). A research could be considered internally valid if the answer on the 

question whether event x led to event y is “yes”. If the answer is “no” the study 

is internally invalid (Graziano & Raulin, 2010). This type of validity seeks to 

create causal relationships where pattern-matching and explanation-building 

techniques are likely to be used (Yin, 2014). Finally, external validity (also 

referred to as generalizability) refers to the degree to, which researchers are 

capable to generalise the outcome of a study to other but similar organisations 

(Graziano & Raulin, 2010; Saunders et al., 2009). This particularly accounts for 

case studies where research is mostly limited and specified to those companies 

that were taken as samples (Graziano & Raulin, 2010). 

 

Validity of this thesis 

This thesis is built upon peer-reviewed sources that ratify the theoretical 

background as well as the multiple case studies and therefore denotes to a 

rather high construct validity. To verify theories multiple sources are 

investigated. Furthermore the internal validity plays a minor role to examine 

differences between sample companies but does however not seek to create 

causal relationships reciprocally. 
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2.7.2 Reliability 

According to Saunders et al. (2009) reliability refers to the extent that data 

collection methods and analysis techniques yield consistent conclusions. Yin 

(2014) describes the goal of reliability is to minimize errors or bias in a research 

(Yin, 2014). Both pose two questions; will the research yield the same findings 

in later researches? And, will similar observations be attained by other 

researchers? These questions have to be answered with “yes” to interpret a 

research as reliable. One should bear in mind that the chosen procedures or 

steps in the earlier studies should be documented to increase other 

researchers’ possibility to exactly repeat the study (Yin, 2014). 

 

Reliability of this thesis 

This thesis has a medium reliability because technology in today’s business 

environment is changing rapidly (Schmidt et al., 2013). This indicates that a 

similar research in a couple of years deals with potentially newly developed 

techniques. Other than technology, organisational changes due to altered 

customer demands take place (Dai et al., 2012). This implies a change in the 

operational processes, which would affect the outcome of this study. Studies 

that will be carried out as a repetition of this research do therefore not 

necessarily have to show similar results. 

 

2.8 Research ethics 

According to Wallace and Sheldon (2014) research ethics relate to the ethical 

issues that arise when doing a research. Ethics are mostly related with an 

ethical conduct, which is a code of ‘rules’ in order to ensure they are followed. In 

their research Wallace and Sheldon (2014) distinguish four principles of 

conduct, one of which is research merit & integrity (1); this implies the 

justifiability of potential benefits, skills and expertise of the researchers through 

the design and development of appropriate and sound methods based on 

current literature, respect for participants in the study, supervised by 

experienced people and the use of appropriate facilities and resources. ‘Justice’ 
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(2); which deals with a fair selection, exclusion and inclusion of research 

participants throughout the study. ‘Beneficence’ (3); which means that the 

benefits of the research should outweigh the risks or harm it could cause to the 

researchers, participants or society. If risks here are no longer justified, the 

research should be suspended. ‘Respect’ (4); which is about the welfare beliefs, 

perceptions, respect for privacy, confidentiality, anonymity and cultural 

sensitivities of participants of the research. 

All of above-mentioned principles have a strong importance whether the 

information to the study is truly informed consent and sincerely reflected to 

mitigate risks for the research, participants and the society as a whole (Wallace 

& Sheldon, 2014). In addition, Bryman and Bell (2011) claim that there is often a 

self-interest in completing a research project (e.g. to acquire qualifications), 

which might decrease the effort that is put in improving informed consent. 

 

Research ethics of this thesis 

To ensure a high degree of ethic, the integrity and quality of this thesis have 

been constantly secured through the use of reliable and appropriate references. 

Other than that, all organisations that are contacted throughout the course of 

this thesis have been notified about the purpose of this research. Additionally, 

they have been informed that the information provided would be used as 

empirical data for the study. After the interviews were conducted, the 

organisations have been offered the possibility to pre-read their parts of the 

study prior to the official publication. In cases where presentations or other 

supporting material is provided by the interviewee, a direct permission is asked 

before this is actually used in the research. All of earlier explained actions are 

done in order to acquire justifiable data but meanwhile secure sensible 

information that would put the organisations in any type of danger, bearing in 

mind privacy- and confidentially related considerations. 
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2.9 Synopsis 

Figure 5 shows an overview of the methodological approaches of this thesis: 

 

 

Figure 5: Synopsis of the methodological approach 

Source: Own creation 

  

• Positivism 

Scientific perspective 

• Deductive 

Scientific approach 

• Qualitative multiple case study 

Research method 

• non-probability sample with limited target group 

Sampling method 

• Primary & Secondary 

Data collection 

• Open-ended research 

Analysis method 
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3 Theoretical study 

This chapter discusses the theoretical background of this study. The material 

was gathered through secondary data. The chapter starts with an outset about 

how the authors attempt to integrate the theoretical study with the empirical 

study that will be applied throughout the rest of the report as well. After that a 

description of the internal material handling process, barcoding and radio 

frequency identification will be given, which all serve as an input for a relevant 

interview guide. The authors choose to describe RFID and its usage more 

elaborately than barcoding to focus on the main topic of this thesis. The theory 

serves as a basis to be able to compare and analyse the empirical data and 

was all advised to support the research questions ‘to what extent’, ‘how’ and 

‘why or why not’ organisations currently apply the RFID technology. 

 

3.1 Theory outset 

Table 3 depicts a model that the authors chose to use throughout the course of 

this thesis. Steadily this model will be filled with characteristics that are shown 

by both the theoretical and empirical study. This model will also serve as a 

basis for the analysis. 

 

 

Table 3: Theory outset 

Source: Own creation 
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3.2 Internal material handling process 

3.2.1 Process overview 

As explained earlier, companies can directly influence their internal processes 

from goods receipt until the dispatch of goods. In between these processes 

numerous activities take place, of which many can be allocated under the 

umbrella term material handling process (Jonsson, 2008). 

Material handling processes on average account for 50 % of a manufacturing 

company’s operational costs (Green et al., 2010; Stephens & Meyers, 2013). 

Green et al. (2010) and Pettersson & Segerstedt (2013) claim these costs can 

be reduced if improvements in the material handling process can be made that 

affect productivity as well as throughput time positively. A material handling 

process can be described as every movement of materials (manual and 

automatic) from an upstream to a downstream operation (Green et al., 2012; 

Vincent, 2012). An internal material handling process consists of the handling 

and movement of materials within a plant, including the movements in 

manufacturing processes (Green et al., 2010; Jonsson, 2008; Vincent, 2012). 

Figure 6 shows the different steps of a simplified internal material handling 

process, where the arrows depict the act of material movement.  

 

 

Figure 6: Simplified exemplary internal material handling process 

Source: Own creation, inspired by Arnold & Furmans (2007) 
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The delivered material from the supplier arrives at the goods receipt (Arnold & 

Furmans, 2007). The products here get unloaded, unpacked and checked for 

quality and completeness if necessary, then get registered in the IT system (e.g. 

through scanning of barcodes or RFID tags) and transported to a raw material 

inventory storage (Dickmann & Dickmann, 2009). The materials are mostly 

enclosed in packaging, which is modified to a unit load (e.g. a pallet or a box) to 

simplify internal as well as external logistics (Gattorna, 2003; Rushton et al., 

2014). Transportation in all stages can range from fully manual to completely 

automated (Arnold & Furmans, 2007). Equipment such as a pallet truck, forklift, 

AGVS (automatic guided vehicle system) or a conveyor belt is utilised to 

support the handling of material (Gattorna, 2003; Jonsson, 2008; Rushton et al., 

2014).  

When needed, the products are transported from the inventory storage to the 

manufacturing area for further processing (Martin, 2014). This again, can be 

done manually or automated to any extent (Arnold & Furmans, 2007). 

Transportation between the different production steps in mass production 

companies is often done through a conveyor belt, but can also be handled 

manually (Kachru, 2009). A common way of moving material in a pull-

production plant is in the form of a milk-run (Satoglu & Sahin, 2013). A milk run 

has a fixed route and a fixed timetable for delivering material, e.g. delivery point 

1 at 13:00, delivery point 2 at 13:10, delivery point 3 at 13:15, and so forth 

(Jonsson, 2008). A benefit of this system is that through bundling, small 

quantities can be delivered with low transportation costs in a short time (Satoglu 

& Sahin, 2013). 

When the product is finished it is transported to the finished goods storage and 

subsequently forwarded to the goods delivery where it is booked out of the IT 

system and sent to the customer (Stephens & Meyers, 2013). This simplified 

process is in reality mostly more complex. Depending on the size and 

characteristics of a production facility (different cycle times, product variety, 

shop-floor layout, etc.), there can be multiple goods receptions, different raw 

material storages, different production steps with separate small work-in-

process buffers, storages for semi-finished goods, different finished product 

storages, etc (Stephens & Meyers, 2013). Through different “checkpoints” 
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throughout the process, where the products have to be scanned, the tracing of 

the individual product and the inventory level is ensured (Martin, 2014). 

 

3.2.2 Organisational significance 

Traceability and transparency are important features in production and material 

handling processes (Wang, 2014). A clear picture about inventory levels 

throughout the production process can prevent unnecessary material movement 

(Stephens & Meyers, 2013). Different technologies for object identification exist, 

two of the most prominent being barcoding (Schmidt et al., 2013; Want, 2006) 

and RFID (Chen et al., 2013a; Baysan & Ustundag, 2013). Both technologies, 

as well as their advantages and disadvantages, will be discussed later in the 

theory chapter. 

An increased efficiency as well as flexibility through material handling is 

required to remain competitive in today’s business and to continuously meet 

customer demands (Dai et al., 2012; Sezen et al., 2012; Townsend & 

Calantone, 2014). This can be achieved through, amongst others, the 

application of lean manufacturing, which is a tool to reduce wastes and thus 

improve quality and processes (for a more elaborated overview see appendix 2 

for the “House of Lean”, and appendix 3 & 4 for the seven types of waste) 

(Green et al., 2010; Melton, 2005; Ōno, 1988). 

Automation in its manner is one of the features that supports a company to deal 

with these challenges (Huang et al, 2012). Chackelson & Errasti (2013) discuss 

the balance between the employment of manual labour and deployment in 

machinery (i.e. automation). Nowadays technology often allows firms to replace 

manual labour with machines to increase quality, efficiency & flexibility and 

reduce costs in the long run (Chackelson & Errasti, 2013). Savings in labour 

cost are a strong argument for automation but at the same time the flexibility 

that human workers provide might get lost (Arnold & Furmans, 2007). Many 

firms tend to automate their warehouse and manufacturing facilities where 

possible (Taylor et al., 2013). This has particularly happened (and is still 

ongoing) in the automotive industry where technological developments play a 
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major role as a result of innovative and competitive forces (Taylor et al., 2013; 

Townsend & Calantone, 2014). 

 

3.2.3 Application in the automotive industry 

One characteristic of the automotive industry is that it is highly automated in 

their production and logistical processes (Tang et al., 2011). Additionally, as 

earlier mentioned, lean manufacturing principles are widely embedded in many 

business areas nowadays (Taylor et al., 2013), but were introduced at an 

automotive company, namely Toyota (Womack et al., 2007). It was Taiichi Ōno 

(1988) who first realised the need for increased efficiencies by eliminating waste 

and non-value-adding activities in a mass-production process. Momentarily 

various authors still explicit the need for increasing efficiency and flexibility in 

material handling (Chackelson & Errasti, 2013; Chen et al., 2013a; Townsend & 

Calantone, 2014; Wang, 2014), which make automotive companies adopt 

increasingly more techniques in order to stay ahead of their competitors.  

 

3.3 Object identification: Barcoding 

3.3.1 Technical information 

Barcoding is a common technology for automatic object identification (Jonsson, 

2008). Two types of barcodes can be considered, which are one-dimensional 

and two-dimensional barcodes. One-dimensional barcodes consist of a series 

of vertical lines and gaps in different thickness and can be printed on or 

attached to (e.g. with a sticker) the object that is to be identified (Menke, 2012; 

Thornton & Sanghera, 2011). The identification is done with a special reading 

device such as a scanner or camera (Grant et al., 2006). The lines can be 

translated into a specific sequence of alphanumeric or numeric characters 

(Jonsson, 2008). The decoded information is then sent to an IT system for 

further processing (Grant et al., 2006). As one-dimensional barcodes have only 

a limited data storage capacity, two-dimensional barcodes have been 

developed to store a bigger amount of data (Beauchamp, 2011). A two-

dimensional QR-Code (Quick Response Code) has a capacity that is 
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approximately 30 times bigger than the capacity of a Universal Product Code 

(UPC) (Chen et al., 2013b). Figure 7 shows a one-dimensional barcode on the 

left side and a two-dimensional barcode on the right side. 

 

 

Figure 7: One-dimensional (UPC) and two-dimensional (QR-Code) barcode 

Source: Chen et al. (2013b), p. 2588 

 

Many different types of barcodes can be distinguished. The most common one-

dimensional barcodes are UPC and EAN (European Article Numbering), which 

are mainly used for labelling in the retail industry (Jonsson, 2008). Typical two-

dimensional barcodes are PDF 417 and QR-Codes (Beauchamp, 2011). As 

barcodes are put on the outer part of a product, they are rather prone to wear 

and tear or getting dirty, which decreases the readability (Klug, 2010). In 

general however, barcodes are highly reliable and not very error-prone 

(Beauchamp, 2011, Jonsson, 2008). An advantage of two-dimensional 

barcodes, besides the larger storage capacity, is that they have a self-correction 

ability, meaning that, through an algorithm, damaged barcodes can be decoded 

correctly (Jonsson, 2008). Both barcode types can be read with a laser scanner, 

although the two-dimensional ones are often decoded with the help of a camera 

(Musa et al., 2014). The reader can have various forms, e.g. a handheld or fixed 

at a conveyer belt (Jonsson, 2008). For reading a barcode no contact is 

required, but a free line-of-sight must be given (Klug, 2010). 

Barcodes are cheap to produce, they cost less than 0,01 € per piece 

(Beauchamp, 2011; Bray, 2013). Due to the maturity and standardisation of the 

technology, the reading equipment is relatively inexpensive and the same 

barcodes can usually be used throughout different parts of the supply chain 

(Beauchamp, 2011). Barcoding is a passive technology, which means that the 
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barcode has to be scanned by someone or something (Grant et al., 2006). This 

process can take several seconds if the barcode is dirty or not correctly angled 

(Bray, 2013). Furthermore barcodes do not have a read and write function, they 

can only be read (Klug, 2010; Musa et al., 2014). 

 

3.3.2 General usage 

The first usage of barcodes on a broad basis can be traced back to the 1970’s 

when they were introduced at the checkout of US grocery stores (Menke, 2012). 

Nowadays barcodes are used in many situations. The most well-known 

application might lie in the retail industry to facilitate the checkout at the cashier 

(Al-Kassab et al., 2011; Grant et al., 2006). These barcodes hold relatively little 

information, mostly only the price and name of the product (Beauchamp, 2011). 

Other applications where the end consumer gets in contact with barcodes 

include airline or train tickets, loaning books in libraries, and QR-Codes in 

advertisements that can be decoded with a smartphone (Daurer et al., 2013; 

Menke, 2012). 

Barcodes are also extensively used in manufacturing and material handling to 

increase tracking & tracing abilities (Grant et al., 2006). The use of barcodes 

facilitates to trace the location of a product in the manufacturing area as well as 

the identification of inventory levels (Stephens & Meyers, 2013). They are 

furthermore used to store work descriptions for the production, delivery notes 

for transportation, information about prices, the supplier, part number, etc. 

(Jonsson, 2008; Stephens & Meyers, 2013). In the manufacturing and material 

handling area barcodes help to enhance efficiency, increase transparency and 

making a production more lean (Grant et al., 2006). 

 

3.3.3 Usage in the automotive industry 

As explained earlier, barcodes are currently the main technology applied for 

object identification and logistical processes in the automotive industry (Kim et 

al., 2013; Leung et al., 2014; Modrak & Moskvich, 2012) and this is not 

expected to change dramatically in the medium-term (Klug, 2010; Schmidt et 
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al., 2013). However, there is an increased attention, in the scientific world as 

well as in automotive companies, towards an active successor technology: radio 

frequency identification (Leung et al., 2014; Makris et al., 2012; Modrak & 

Moskvich, 2012; Schmidt et al., 2013; Tabanli & Ertay, 2013). 

 

3.4 Object identification: Radio Frequency Identification 

3.4.1 Technical information 

RFID is a system that uses radio waves for an automatic identification of objects 

(Chen et al., 2013a). The system is usually composed of a RFID tag and a 

RFID reader that is linked to an IT system. The tag contains two parts, which 

are a small microchip and an antenna that can come in a variety of sizes, 

shapes and forms (see Figure 1, p. 3) (Rajesh & Suresh, 2013; Zhu et al., 

2012). The object information is stored on the microchip while the antenna’s 

function is to receive and send information from and to the reader. The reader 

then converts this to the system’s format to be displayed on a computer for 

further purposes (see Figure 8) (Jonsson, 2008; Zhu et al., 2012). 

 

 

Figure 8: Radio frequency identification system 

Source: BarcodesInc (2014) 

 



33 

 

The data that is stored on the microchip consists of information about a product 

or shipment and is always associated with a unique identification number (Zhu 

et al., 2012). Musa et al. (2014) as well as Aggarwal et al. (2013) get more 

specific in terms of the information on the tag and mention locations, 

temperatures, pressure, humidity, vibration and expiry dates as other relevant 

data to be stored. The chip is mostly fixed to the object to be identified 

(Jonsson, 2008). It can also be attached to a loading unit (single- or multiple-

use) to identify a product batch, e.g. pallets, cases, bins or containers 

throughout the supply chain (Baysan & Ustundag, 2013). When the RFID tag 

subsequently passes a RFID reader (which could for example be installed at 

delivery bays) the information is read and the physical movement of this object 

is identified and recorded (Zhu et al., 2012). One can consequently speak of 

real-time information of objects (Chen et al., 2013a; Zhu et al., 2012). 

There are several advantages of RFID tags (Jonsson, 2008). Because 

microchips are used to store the object’s information, a considerable amount of 

data can be stored (Cao et al., 2009; Jonsson, 2008). Information is transmitted 

via radio waves to the IT system, so there is no necessity for a line of sight 

(Baysan & Ustundag, 2013; Jonsson, 2008; Musa et al., 2014). Chen et al. 

(2013a) add that RFID is managed wirelessly and also physical human 

involvement is not, or only limitedly, required. The time needed to identify an 

object is generally very short (Chen et al., 2013a). This especially counts for 

bulks of different products, e.g. on one pallet, which can all be read at the same 

time (Bray, 2013; Jonsson, 2008). However, RFID also shows some drawbacks. 

If the RFID tag gets in contact with water or is put on a metal surface the 

communication might be obstructed (Jonsson, 2008; Rajesh & Suresh, 2013). 

There are, however, special RFID tags available that work on metal surfaces 

(Bray, 2013). Also the price for the reading equipment and the tags (normally 

around 0,20 € per tag) is rather high and may dictate that it is a good 

technology to be used for high-valued products (Bray, 2013). 

The range of a RFID tag is determined by its power source (Jonsson, 2008). 

Two types of tags can be used: active and passive tags. The former contains its 

own on-board power source like a battery while the latter does not (Chen et al., 

2013a; Musa et al., 2014; Zhu et al., 2012). The antenna creates the power in 
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passive tags by means of their external signal transmission (Musa et al., 2014; 

Zhu et al., 2012). Passive tags are more common than active tags as they are 

smaller, lighter, cheaper and have a virtually infinite lifetime. They are likely to 

be attached to objects in harsh environments and are moreover maintenance 

free (Jonsson, 2008; Rajesh & Suresh, 2013; Zhu et al., 2012). Active tags 

however have a larger memory and with a range of 30 meter or more they have 

a considerably longer range than the 0.5 to maximum 10 meter of the passive 

tags (Jonsson, 2008; Zhu et al., 2012). 

Three different types of passive tags can be described: UHF (Ultra-High 

Frequency), HF (High Frequency) and LF (Low Frequency) (Chen et al., 2013a; 

Ferrer et al., 2010; Zhu et al., 2012). The range of UHF tags differ between six 

and nine meters, the identification process is faster, but they use more power. 

The HF tags have a range that is shorter than one meter but work better on 

metal objects. Lastly the LF tags use less power than the other tags but work 

better on non-metal objects. Their range is however less than 0.5 meter (Ferrer 

et al., 2010; Zhu et al., 2012). See appendix 5 for a more elaborated overview 

of characteristics of the three different types of tags. 

Jonsson (2008) states that RFID tags can vary in their memory functions, one of 

which is a read-only function. With a read-only function the factory, or the user, 

puts the information on the tag once only. The information thereafter is fixed 

and cannot be modified (Jonsson, 2008). A second type of memory function is 

the write and read function where one can change or add information on the tag 

(Jonsson, 2008; Weis et al., 2004). This type of memory function is mostly used 

by organisations that need to change or add information on the tag (Aggarwal et 

al., 2013). 

 

3.4.2 General usage 

The first implementation of radio frequency identification on a broad basis dates 

back to the 2000’s (Spekman & Sweeney, 2006). World’s largest retailer Wal-

Mart announced that their key suppliers had to attach a RFID tag to all shipping 

crates and pallets to any of Wal-Mart’s distribution centres by the end of 2005 

(Lockton & Rosenberg, 2005). Also the U.S. Department of Defence and Target 
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Corporation followed slightly after that by mandating their suppliers to be RFID-

enabled by the end of 2006 (Chen et al., 2013a; Spekman & Sweeney, 2006). 

In today’s business environment RFID technology has been implemented in 

many industrial sectors such as manufacturing, logistics, retailing, automotive 

and healthcare (Dardari, 2013; Musa et al., 2014). It has been embraced by 

means of product security, process control and optimization in visibility and 

traceability abilities (Musa et al., 2014), which is particularly worthwhile in highly 

automated processes (Zhu et al., 2012). Shao & Burkholder (2013) emphasise 

that an increased inventory tracking efficiency and a reduction in labour costs 

will be realised with radio frequency identification technology. Labour cost 

reduction can particularly be reached through faster processing as there is no 

line of sight required and several objects on, e.g. a pallet, will be detected at the 

same time (for example when unloading a truck) (Bray, 2013; Jonsson, 2008; 

Vlachos, 2014). Other than that, RFID supports manufacturing organisations to 

eliminate non-value-adding activities within a production process to increase a 

company’s efficiency (Chen et al., 2013a; Kravenkit & Arch-int, 2013). This is 

subsequently related to support lean manufacturing, which is nowadays applied 

in many firms (Chen et al., 2013a; Townsend & Calantone, 2014). 

In the earlier described situations RFID is mainly used as a supporting tool for 

organisational improvements. Radio frequency identification can however also 

be a product application where the end consumer encounters the affect 

(Lockton & Rosenberg, 2005; Ma et al., 2013). Examples of products in this 

category are vehicle systems (toll collections or car keys), fob keys or electronic 

ID (Identification) cards (Kobsa et al., 2013; Ma et al., 2013). One can also think 

of library books, passports or general products (e.g. electronics) that were 

bought at stores and have been equipped with RFID tags to prevent theft 

(Kobsa et al., 2013; Sing et al., 2013). Other authors give examples of RFID 

chips being used for animals (e.g. livestock) or human beings (e.g. hospital 

patients) (Kobsa et al., 2013; Kumar et al., 2013). 
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3.4.3 Usage in the automotive industry 

In the scientific literature there is a small number of case studies, in which the 

usage of RFID in internal material handling processes in the automotive 

industry is described. Some of those studies are presented in the following. 

Schmitt et al. (2008) state that RFID is tested in internal material handling at 

Volkswagen, Daimler and BMW without giving detailed information about where 

and how. 

In his doctoral dissertation, Faupel (2009) shows the case of the German 

automotive supplier Bosch that equipped the internal Kanbans in its plant in 

Thüringen, Germany with RFID tags. Through the automatic object identification 

in the material handling process savings in time and personal cost could be 

realised and the payback period was calculated to be less than one year. A 

reason for introducing RFID was the changing product range from few variants 

to a high number of different variants and the increased manual material 

handling processes that came along with it. The tag itself contains the same 

data that was previously stored on the barcodes (partnumber, quantity, 

production order). 

Another more recent case study by Tabanli and Ertay (2013) also describes the 

combination of RFID and Kanban. It shows how the Swedish / American 

automotive supplier Autoliv combines the two approaches in the internal 

material handling in its plant in Turkey. The ultra-high frequency passive tags 

are attached to the Kanban. The data on the tag is used for real-time tracking & 

tracing, material booking and inventory management. Benefits of the RFID 

implementation are the, through real-time data, improved inventory 

management, prevention of errors like stock inaccuracies and prevention of 

non-value-adding activities. The technology was applied on a small scale (one 

production line) and the payback period was calculated to be less than two 

years.  

In their case study at the Swedish automotive supplier Plastal in Gothenburg, 

Hellström & Wiberg (2009) describe that the company uses RFID tags on their 

products. The passive tags operate with ultra-high frequency and contain a 

unique serial number. Barcodes are used parallel as a backup technology. 
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RFID is used for automated material booking, tracking & tracing of the products 

and for manufacturing instructions for the machines. One of the reasons for the 

company to introduce RFID was the ability to detect inventory batches in their 

warehouse without needing a direct line of sight or physical movement. Other 

benefits include the decrease of manual reporting, prevention of human errors 

and increasing inventory accuracy. 

In another case study Makris et al. (2012) show the use of RFID tags in an 

automated assembly line at an automotive supplier. The passive tag is attached 

with a magnet or as a sticker to the product. It contains a unique serial number, 

which is linked to the IT system for more information about the part. The data is 

used for real-time tracking & tracing and manufacturing instructions for the 

automated machines. Benefits outlined in this study include increased process 

efficiency, higher manufacturing flexibility as well as a more detailed tracking & 

tracing of parts within the assembly line.  

Schmidt et al. (2013) show in their case study the implementation of RFID in the 

logistical area at the Volkswagen’s plant in Wolfsburg, Germany. They 

introduced the technology together with two suppliers to facilitate material 

booking and other processes in the goods receipt. The ultra-high frequency 

passive tags are attached to the loading unit (in this case a container). The tag 

is read-only and contains a unique partnumber, which is linked to more 

information through the IT system. RFID is applied in this case only on a small 

scale and in combination with barcodes but is expanded step by step. In the 

same study Schmidt et al. (2013) present the case of Seat’s plant in Martorell, 

Spain. RFID here is introduced in the internal material handling, specifically on 

containers in, which products are transported from the production line to the 

warehouse. The passive tags operate with ultra-high frequency and contain a 

unique serial number. The data is used for tracking & tracing and as a method 

for error prevention. The implementation here is on a small scale as well and 

barcodes act as a safety backup. The goals of the implementation are 

increasing process efficiency and inventory transparency. 

The presented studies show that RFID is not yet a mass technology in internal 

material handling processes in the automotive industry. It is mostly applied on a 

small scale only, and barcodes are often used as a backup-technology. Main 
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reasons for applying RFID according to the studies are the reduction of manual 

labour, which results in lower costs and fewer errors, increased inventory 

transparency through tracking & tracing and generally more efficient processes. 

Table 4 summarises the different ways of how RFID is applied in the above 

mentioned companies. Because not all case studies give a complete overview 

of all the subjects mentioned below, only the information available is processed 

in the table. It can be noted that there are many similarities in the way the 

companies use RFID. The type of tag is always a sticker label. Also the 

frequency is always ultra-high, low and high frequency labels, as described in 

the earlier chapter are not used. The same counts for passive tags, that are 

used exclusively. The reason for that can be seen in the higher prices and 

bigger dimensions, as stated by Makris et al. (2012). Only Schmidt et al. (2013) 

state explicitly that read-only tags are used, in the other case studies no hints 

for the use of rewritable tags can be found. From that it can be concluded that 

read-only tags are the dominating form. The form of attachment, the use of the 

data on the tag and the data stored on the tag vary from company to company. 

However, the data stored on the tag contains in most cases only a unique 

number that is then connected to the IT system for further information about the 

product. 

 

 

Table 4: Application approach of RFID in the case study literature 

Source: Own creation, data from authors referred to in chapter 3.4.3 
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3.5 Benefits: Barcode vs. RFID 

As described in the previous chapters a barcode system has different 

characteristics compared to a radio frequency identification system. A synopsis 

of the major differences is shown in Table 5. Italic here denotes a benefit of one 

technology over the other. 

 

Table 5: Benefits of barcode vs. RFID 

Source: Own creation 
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In addition to the above mentioned characteristics Chen et al. (2013a) point out 

that RFID is generally less error-prone and could therefore be a more reliable 

technology. Even though companies started implementing the RFID technology 

barcoding still remains the main technology applied to identify objects (Kim et 

al., 2013; Leung et al., 2014). The price of a tag and errors in tag readability 

(e.g. due to water or metal interference) play major roles in this reluctance 

(Bray, 2013; Choi et al., 2012). Barcodes can be placed anywhere, while 

special RFID tags need a layer between the tag and a metal object, which make 

them rather expensive. Choi et al. (2012) however point out that recent 

progress in price reduction and RFID tag readability is in process. Several 

authors argue that this is connected to the rapidly evolving forms of information 

technology and data processing methods (Schmidt et al., 2013; Vlachos, 2014; 

Wang, 2014). 

 

3.6 Organisational reasons for RFID 

The implementation of radio frequency identification has multiple impacts on 

both operational and strategic performance improvements (Ferrer et al., 2010; 

Zelbst et al., 2012). Figure 9 on the next page depicts the influence of RFID 

from an operational level towards a strategic level and will be further explained 

in the following. It should however be noted that the variables discussed could 

be applicable in specific industries and do not necessarily apply for only one 

type of industry. 
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Figure 9: Organisational impact of RFID 

Source: Own creation inspired by Ferrer et al. (2010), p. 419 

 

Ferrer et al. (2010) distinguish four different organisational key aspects to fulfil a 

firm’s strategic objectives: quality, speed, flexibility and costs, which are 

affected by several variables that are connected with the implementation of 

RFID. 

Qualitatively (1) one can say that inventory spoilage is mainly applicable for 

organisations active in the perishable industry (e.g. food industry). RFID tags in 

this industry keep track whether the objects are chilled at the right temperature 

along the logistics chain to maintain essential quality control (Grunow & 

Piramuthu, 2013). Another controlling aspect is securing and protecting 

possessions. By enabling loading units (single- or multiple-use) with RFID tags, 

one can detect movements of objects and potential shrinkages can be 
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prevented (Grunow & Piramuthu, 2013; Kobsa et al., 2013). An example of 

shrinkage is a loss of objects, e.g. reusable unit loads that are supposed to be 

returned to the plant but do not. Through enabling these unit loads with RFID 

tags, one can realise a prevention of losses on the condition that it is 

implemented on a supply chain level (Zelbst et al., 2012). 

The speed (2) aspect is being influenced by, amongst others tracking & tracing 

of objects. Through a tracking & tracing ability organisations can control their 

product flow and detect possible bottle-necks in their production- or distribution 

process (Shao & Burkholder, 2013; Zelbst et al., 2012). Creating visibility by 

tracking & tracing in an internal process enhances estimation of cycle times, 

thus delivery times. Eventually one can more accurately forecast production 

output, which might increase a firm’s flexibility (3) (Ferrer et al., 2010). 

The cost (4) aspect is influenced by three different variables, one of which is 

capacity. Through the implementation of RFID a firm’s capacity can be utilised 

more efficiently (Zelbst et al., 2012). An employee of an automotive distribution 

centre for example has to search for individual cars that were parked in its yard, 

containing thousands of cars. Usage of RFID tags here would enable real-time 

information about the exact location of the car so that throughput time can be 

reduced (elimination of searching time, e.g. wasted labour, also accountable for 

warehouse purposes) (Ferrer et al., 2010). Lastly automation is depicted. A 

production process can be further improved as products can be identified 

automatically and manual labour can be decreased (Chackelson & Errasti, 

2013; Zelbst et al., 2012). 

All together the implementation of RFID interconnects with several variables 

that affect a company’s quality, speed, flexibility and costs, which play major 

roles to comply to a firm’s strategy. 

 

3.7 Theory integration model 

Table 6 on p. 44 depicts an overview where the earlier discussed topics in the 

theoretical study are merged together and integrated in one model. Four 

different headlines were created, each referring to the main theoretical topics: 
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internal material handling, use of object identification, benefits of RFID and 

organisational reasons to apply the new technology. Horizontally the five 

described internal material handling process steps have been selected to serve 

as a starting point for the other topics. 
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Table 6: Theory integration model 

Source: Own creation
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4 Empirical study 

This chapter treats the empirical data of this study. The material was gathered 

mainly through primary data, i.e. interviews. The interviews were hold with 

companies that were chosen as samples through a non-probability approach 

within the selected target group and were conducted via phone or on-site. The 

chapter is structured per company that was interviewed to remain company-

focussed and discusses their view about the application of barcodes and/or 

RFID individually. The empirical study serves as a basis to compare and 

analyse theory with practice. While gathering information from the chosen 

organisations, the researchers constantly kept in mind to contribute to this 

thesis’ research questions: To what extent, how (RQ1) and why or why not 

(RQ2) organisations apply the RFID technology. 

 

4.1 VDL Nedcar 

If not mentioned otherwise, all information in this chapter is based on the 

telephone interview with Jasper Spee, head of department material handling at 

VDL Nedcar B.V. (hereafter VDL Nedcar) in Born, The Netherlands conducted 

on 06th May 2014. 

 

4.1.1 Company overview 

Since 2012 VDL Nedcar is part of VDL group. VDL Group, with its headquarters 

in Eindhoven, The Netherlands, is an international industrial organisation 

focused on the development, production and sale of semi-finished products, 

buses & coaches and other finished products as well as the assembly of 

passenger cars. The group consists of firms with each their own specialties 

within these sectors. VDL Nedcar here is a manufacturer of passenger cars 

(VDLNedcar.nl, 2013a). After the take-over of Nedcar, the VDL Group realised 

a net sales of 1,7 billion Euro and a net income of 56 million Euro in 2012, 

which is spread out over 114 countries worldwide (VDLNedcar.nl, 2013b). 67 % 

of the sales accounts for export whereas 33 % of the sales was generated 
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domestically. Europe can be seen as the main market for export, which 

accounts for 52 % of total sales, followed by Asia with 9 % and the Americas, 

Africa and Oceania together with a share of 6 %. Country-wise, the neighbour 

countries Germany, Great-Britain and Belgium are the biggest markets 

(VDLNedcar.nl, 2013b). 

VDL Nedcar is located in Born, The Netherlands. The company employs around 

1.500 employees who work in an area covering approximately 927.000 m². 

Their maximum production capacity is around 200.000 cars per year, which is 

achieved with the help of more than 650 industrial robots. The production 

process is an assemble-to-order concept (VDLNedcar.nl, 2013c). Currently VDL 

Nedcar Born produces the passenger cars Mini One and Mini Cabrio (see 

Figure 10). 

 

Figure 10: Mini One (left) and Mini Cabrio (right) 

Source: Flexy-rent.co.uk (2014) and Autoguide.com (2014) 

 

Before Nedcar (previous name) was taken over by VDL Group in 2012 the 

company was fully owned by Mitsubishi Motors (VDLNedcar.nl, 2013d). The 

production of Mitsubishi was cancelled after the take-over and VDL Nedcar 

signed a new 10-year contract with BMW, which is today their only customer. 

VDL Nedcar therefore operates as a contract manufacturer and all final 

decisions are made by BMW. Currently the plant is in the ramp-up phase for the 

car production of the Mini One and Mini Cabrio. Production start of the first 

model is scheduled for July 2014, the production for the second model starts in 

July 2015. The two types of Mini’s are supposed to be produced on the same 

production line, which implies a complex production process. A significant 

change in operational processes was needed to fulfil BMW’s requirements (i.e. 

a yearly minimum production of 100.000 cars) before the actual production of 

the two models commences. Subsequently a significant investment was made 
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to create a fully equipped production facility to produce two types of Mini’s. 

Currently the company runs their facilities by producing cars in a very small 

scale (20-30 cars at the time) to test robot quality & liability, employees’ 

knowledge & skills and output quality to be prepared to start production in July. 

 

4.1.2 Internal material handling process 

VDL Nedcar distinguishes two types of goods receipt: centralised and 

decentralised. Centralised goods are rather low-valued (e.g. screws) and are 

either put in stock or go directly to the assembly line. Decentralised goods on 

the other hand have a higher value (e.g. seats) and are stored according to the 

Stock-On-Wheels2 (SOW) concept in their yard and are Just In Time (JIT) or 

Just in Sequence delivered to the production line. Goods are received in 

different forms such as pallets, boxes, racks (e.g. windows) but also tanks (e.g. 

fuel). The production process consists of four steps: press shop, body shop, 

paint shop and the final assembly shop. The first three steps here are highly 

automated whereas the last step is, due to its complexity, still rather manually 

executed. See Figure 11 for the complete internal material handling flow. 

 

 

Figure 11: Internal material handling process at VLD Nedcar 

Source: Own creation, inspired by interview with Jasper Spee (06.05.2014) 

 

                                            
2
 Stock-on-Wheels means the storage of goods in trailers on mostly a parking lot (Kampf et al., 

2011) 
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4.1.3 Usage of object identification 

The identification of products is done through the barcoding technique. All 

delivered products are enabled with barcodes that are manually read with the 

help of a scanner. The barcodes are one-dimensional barcodes and depending 

on the type of product the barcodes are placed on pallets, boxes or complete 

assembled products (e.g. seats). The scanner consequently reads the barcode 

and sends the information to the company’s IT system. Information here 

contains a product number, number of products in a box or on a pallet, origin of 

the product as well as its destination (e.g. stock or directly to production) and 

the supplier. The barcode is scanned maximum three times throughout the 

internal process (goods receipt, into or out of stock and before production takes 

place). 

VDL Nedcar points three major reasons why they do not apply the RFID 

technology. Firstly; the plant is in the process of a substantial change to be fully 

equipped to produce two new models of cars. A significant investment was 

undertaken for this project. First priority therefore is to check if the new concept 

runs smoothly. They do not want to take potential risks concerning the 

application of RFID or other new technologies at this time. Secondly; in their 

previous production layout they used barcoding, which worked well. They have 

the proper equipment for it, the employees are experienced in using it and it is 

moreover easy to use. Lastly; the price of the tag is still too expensive. The 

trade-off between costs and additional gain is believed to be negative. 

Also in the near future VDL Nedcar does not plan (yet) to implement the RFID 

technology or run a potential pilot with it. 

 

4.2 Scania 

Founded in 1900, Scania AB (hereafter Scania), headquartered in Södertälje, 

Sweden is a globally active manufacturer of trucks, busses, coaches and 

engines for industrial and marine purposes. Additionally, Scania offers financial 

services (Scania.com, 2014a & b). In 2013 the company generated net sales of 

86,8 billion SEK with a net income of 6,2 billion SEK. Ca. 41.000 employees 
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produced 73.611 trucks and 6.853 busses and coaches. Scania is active in 100 

countries throughout the world with production facilities in Europe and South 

America. The main markets in the truck segment are Europe and the Americas 

with a share of sales of 44 % and 32 % respectively for the markets. Scania 

aims to be a premium producer with an emphasis on customisation in order to 

fulfil customer demands and ensure long-term profitability. The company is 

currently majority-owned by German Volkswagen AG (Scania, 2014a). 

 

4.2.1 Scania Oskarshamn 

If not mentioned otherwise, all information in this chapter is based on the 

interview with Thomas Laghamn, Manager Logistics Development at Scania CV 

AB in Oskarshamn, Sweden conducted on 07th May 2014. 

At Scania’s plant in Oskarshamn ca. 1.800 employees produce truck cabs (see 

Figure 12, marked with a black box). 

 

 

Figure 12: Example of a Scania cab 

Source: Scaniaoskarshamn.se (2014) 

 

The cabs are produced for the final truck assembly plants in Södertälje 

(Sweden), Zwolle, (The Netherlands) and Angers (France). Currently ca. 250 

cabs are built per day. After the expansion of the production areas, that is 

currently on-going, the capacity will rise to ca. 350 cabs per day. All cabs are 

built according to individual customer specifications, which is especially visible 
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in the paint shop, with 450 different colouring options, and the final assembly. 

According to Scania this differentiation in their product range is one of their 

competitive advantages. 

 

4.2.1.1 Internal material handling process  

The manufacturing and internal material handling process is straight-forward. 

Figure 13 on the next page depicts the processes in the plant. 

At Scania Oskarshamn 3.500 – 4.000 pallets with raw material get delivered per 

day. For the main flow the products are delivered on standardized Scania-

owned pallets, unloaded, counted and with the help of a forklift put on a 

conveyor belt to be stored in a fully automated warehouse. The registration in 

the IT system is done through barcodes. In the main flow there is only one type 

of product on a pallet. The inventory turnover rate is 2 – 3 days for main 

components and 20 – 30 days for products from overseas. The movement of 

raw materials is done through small “tow-train” milk-runs that operate on a fixed 

schedule and with a Kanban system.  

The production process consists of the following major steps: the press shop, 

the body shop, the paint shop and the final assembly (Scania.com, 2014c). In 

the press shop the metal sheets are stamped into the required form. In the next 

step, the body shop, the different parts are welded together. Between the press 

shop and the body shop there are virtually no inventory storages because the 

production follows a predetermined and levelled sequence. Between the body 

shop and the paint shop there is a small inventory buffer to combine cabs that 

need the same colouring to a bigger batch. After the paint shop there is a small 

buffer inventory to sequence the cabs in the right delivery order. Additionally the 

three steps are running in three shifts, whereas the final assembly works only in 

two shifts. The first three steps are highly automated, the final assembly is 

mainly manual labour. This is due to the complexity of the task as virtually every 

cab has another interior. In the finished goods storage the inventory level is 1 – 

2 days. 

 



51 

 

  

Figure 13: Internal material handling process at Scania Oskarshamn 

Source: Own creation, inspired by interview with Thomas Laghamn (07.05.2014) 
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4.2.1.2 Usage of object identification 

In the plant in Oskarshamn Scania does not use RFID tags. Barcodes are used 

only to check-in raw materials and to order raw materials for the production line 

on the Kanbans. A real-time tracking & tracing in the straight-forward production 

process is ensured through the IT system. Before sending the cabs to Zwolle 

they are attached with a RFID tag, containing the serial number of the cab, a 

corresponding chassis number and an internal transport code. This is because 

of a request from the “customer” plant in Zwolle. At this stage this is a stand-

alone process and the tags are not used for anything else in Oskarshamn.  

Because of the straight-forward production process there is no need for an 

elaborated tracking & tracing system. Scania sees no efficiency improvements 

in the use of RFID. The few benefits that would result out of the implementation 

of a RFID system would not justify the extra costs. In addition, due to the high 

temperatures in the paint shop (> 200°C), special tags, which are more 

expensive, would have to be used. Because of that there are currently no 

concrete plans to introduce it in the internal material handling process in the 

near future. 

Nevertheless there are considerations to equip forklifts in a certain part between 

the production and the storage area with RFID. A RFID-antenna equipped gate 

should register every movement through the gate. The purpose is to track and 

benchmark the performance of the employees operating the forklifts and 

subsequently potentially increase their efficiency. There are also considerations 

to equip the goods receipt with RFID tags in the future. This could be done 

relative easily as Scania provides its suppliers with the packaging material. 

Nevertheless there are no concrete plans for such a project at the moment 

either. 

 

4.2.2 Scania Zwolle 

If not mentioned otherwise, all information in this chapter is based on the 

telephone interview with Douwe van Unen, groupleader production planning at 

Scania B.V. in Zwolle, The Netherlands conducted on 09th May 2014. 
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The Scania production plant in Zwolle employs roughly 1.500 employees that 

together realize a production of 115 Scania trucks per day (see Figure 14).  

 

 

Figure 14: Example of a Scania truck 

Source: Scaniaproductionzwolle.com (2014b) 

 

Just like in Scania’s plant in Oskarshamn all trucks are sold before the final 

assembly takes place (Scaniaproductionzwolle.com, 2014a). This requires a 

sophisticated production planning as each produced component of the finalized 

truck should get together for assembly through a JIT principle. 

 

4.2.2.1 Internal material handling process  

The assembly and internal material handling process is an obvious process 

from goods receipt until goods delivery. Figure 15 on the next page depicts the 

processes from goods receipt until good delivery. 

The plant in Zwolle receives their main components (e.g. cabs, engines, 

gearboxes and axles) from different Scania plants in Sweden (Oskarshamn, 

Luleå and Södertälje) and The Netherlands (Meppel). All suppliers have 

designated time windows when they have to deliver their components. 

Depending on the type of component they are delivered to an internal or 

external inventory storage before they are used at the production line. The 

number of products stored internally and externally is approximately equally 

divided. Products have to be delivered twelve hours prior to the start of 

production, which ensures a smooth delivery of products and moreover 
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supports the JIT principle. The production line subsequently starts with the truck 

chassis that follows a fixed line in, which the different components get attached. 

The line consists of several steps where the chassis moves on to a next step 

every seven minutes with a total throughput time of seven hours per truck. This 

means that a new truck gets assembled every seven minutes. Due to the 

complexity of the process the assembling of components here is executed 

rather manually whereas the goods flow to the stations is mostly done 

automatically and with the help of Kanban principle. After a truck is finished 

there is a small inventory storage buffer before it gets delivered to the 

customers. 

 

 

Figure 15: Internal material handling process at Scania Zwolle 

Source: Own creation, inspired by interview with Douwe van Unen (09.05.2014) 
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4.2.2.2 Usage of object identification 

Scania’s production plant in Zwolle uses both barcodes and RFID. Barcodes 

are used for all products except for the cabs. Other than barcodes the plant is 

currently running a pilot for the usage of RFID, which is at the moment only 

applied to cabs that get delivered from the plant in Oskarshamn. The following 

text will give a deeper understanding in the usage and progress of this pilot. 

As explained before, the cabs in Oskarshamn get enabled with a RFID tag. This 

tag contains information such as a serial number of the cab, a number of the 

corresponding chassis and an internal transport code. This code is used for this 

pilot and implies the transport from Scania Oskarshamn to Zwolle. The 

information is stored on the tag at the plant in Oskarshamn with a RFID writer. 

The tags are placed on the windshields of the cabs. The tags are passive and 

are rewriteable. They are however used as read-only tags and there is only a 

necessity for rewriting if the data on the tag is incorrect. The usual price for such 

a tag would be € 0,10. However, due to specifications from the Zwolle plant they 

pay double the amount of € 0,20 per tag, which they perceive as expensive. 

These specifications are for example a bright green colour to visually emphasis 

the tag as well as some text that is visually written on the tag. Scania chose to 

do this to promote and emphasis the pilot. 

The tag is read for the first time when the antenna-equipped gates at the 

internal or external inventory yard at the plant in Zwolle picks up the signal from 

a trailer arriving (each trailer contains five cabins, thus five tags). From this point 

they know what type of cabs are present at the plant in Zwolle. 50 % of the cabs 

get delivered to the internal storage and 50 % get delivered to the external 

storage. The cabs have to be available for production twelve hours before the 

corresponding chassis starts its process at the production line. The cab here is 

attached to the chassis six hours after the start of the chassis production 

process. Sometimes the cab is only unloaded from the trailer after the chassis 

already started its way in the assembling process. This means that if it turns out 

that the cab does not correspond with the chassis, a disruption in the production 

line occurs. By means of RFID tags one can assure the correct cab 

corresponds to the correct chassis while the cabs can remain in the trailer until 
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they are actually needed for assembly. An employee is driving back and forth 

from the external to the internal yard (this happens about 23 times per day) to 

meet the twelve hour buffer storage. It takes about six minutes to drive from the 

external parking to the internal yard. If the tag does not arrive to the internal 

yard within this period of time, an alarm will be given in the connected IT system 

to alert for a possible unexpected circumstance (safety procurement, e.g. trailer 

gets stolen). 

After the cab gets delivered at the internal yard it will be unloaded when it is 

ready to be sent to the production line for assembly. The cab then follows its 

way along the production line until it is finalised and stored in a produced truck 

buffer location. From this point the status of the tag changes from cabin to truck 

(only trucks can leave the plant). At the final delivery check the tag gets 

detected for the last time. The system here checks whether it’s the correct cabin 

that leaves the facility. Also here alarms will show up in the IT system when 

something is wrong. The tag will be removed from the window when it arrives at 

the dealer/customer. Figure 16 visualizes the above described RFID process. 

The blue signs depict the moments when the RFID tag is read (five times). 

 

 

Figure 16: RFID process at Scania Zwolle 

Source: Own creation inspired by Scania (2014b) 

 

Scania emphasises a few reasons to run a pilot with RFID: they decided to not 

unload trailers with cabs after arrival in Zwolle right away (SOW storage 

concept), they want to improve real-time tracking & tracing and they want to 

improve protection and security abilities. Other than that they want to become 

Arrival external trailer parking External trailer storage
Leaving external trailer 

parking
Arrival internal trailer parking

Unloaded cabs Production / assembly
Final check and delivery to 

customerProduced truck buffer storage
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more familiar and get more experience with the technology and test its quality 

and reliability. In addition, Scania Zwolle believes that RFID can reduce manual 

labour in the receiving area, automate checking points throughout the process, 

provide more accurate information and provide the possibility for automated 

alerts. 

Currently the pilot runs since five months. During the pilot they had a disruption 

of about two weeks due to software problems. The reader did not transmit the 

data to the connected IT system correctly, which was being dealt with by the 

provider of the software system. Detection-wise they set a goal that 99.8 % of 

the tags had to be detected (0.2 % here covers network or power source 

problems as well as a wrong attachment of the tags in Oskarshamn or other 

technical problems that might occur). As of now, 100 % were detected. They 

therefore strongly believe in a permanent application of the RFID technology in 

their plant in the near future. 

Because of this, some new ideas have been given thoughts already. Scania 

Zwolle would like to install a gate at the plant in Oskarshamn as well to get real-

time information about the departure of the cabs from the plant. The track- & 

traceability herewith will be improved. Likewise Scania thinks a reduction in the 

twelve hour buffer storage can be realised, because of reduced inventory risks. 

A small buffer still has to be applied due to the possibility of unforeseen events 

such as traffic jams or truck break downs. Also they want to integrate the yet 

stand-alone application with their current system. A practical example is when a 

truck driver picks up a delivery assignment to a customer. If this truck driver 

loads the wrong truck and drives off, an alarm bell is currently flashing to 

indicate that something is wrong. When integrating this with their current system 

they would in addition also be able to remain the gate closed. Lastly, RFID tags 

might be attached to all main components (e.g. engines, axles and gear boxes) 

that get delivered to the production plant in Zwolle. 
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4.3 Volvo Skövde 

If not mentioned otherwise, all information in this chapter is based on the 

telephone interview with Sören Zackari, Manufacturing Engineer at Volvo’s 

engine plant in Skövde, Sweden conducted on 12th May 2014. 

 

4.3.1 Company overview 

The Volvo Group (hereafter Volvo), headquartered in Göteborg, Sweden is a 

globally active manufacturer of trucks, busses, construction equipment and 

marine & industrial engines (Volvogroup.com, 2014). In 2013 approximately 

95.500 employees generated net sales of 272,6 billion SEK, of which 65 % was 

generated through trucks, followed by construction equipment with 20 %. The 

net income amounted to 7,1 billion SEK. The most important region in 2013 was 

Europe with 39 % of net sales, followed by North America (23 %) and Asia (20 

%). Volvo aims to become the world leader in sustainable transport solutions 

with a close customer contact and a high profitability in their industry (Volvo, 

2014). 

In its plant in Skövde, Volvo produces engines for trucks, busses, construction 

equipment and industrial & marine purposes (Volvopenta.com, 2014a). The 

plant covers an area of 265.000 m² and employs ca. 2.900 people. The 

production consists of three major areas: foundry, machinery and assembly 

(Volvosteget.se, 2014). In the foundry, metal is melted and cast into raw blanks 

(e.g. in the form of cylinder heads, cylinder blocks, crankshafts and 

transmission plates). In the machinery the raw blanks are further processed 

(e.g. through turning, drilling, grinding) to become finished components that will 

consequently be assembled to an engine in the assembly area. The 

components are either assembled to an engine in Skövde or sent to other Volvo 

plants for final assembly.  
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4.3.2 Internal material handling process 

Due to the complexity of Volvo’s engine plant in Skövde this chapter will only 

deal with the internal material handling and manufacturing processes that are 

supported by RFID, namely the machinery area of cylinder heads (see Figure 

17). 

 

 

Figure 17: Example of a Cylinder head 

Source: Volvopenta.com (2014b) 

 

The goods receipt in this case would be the end of the foundry where the raw 

blanks of the cylinder head are produced. These are then stored at an inventory 

buffer to await further processing in the machinery area where the raw blanks 

get turned, drilled, grinded, etc. At the end of the machinery they are packed 

and stored in an inventory storage again. The goods delivery then can be seen 

as the movement from this storage to the assembly line in Skövde or another 

Volvo plant. The movement in the machinery area is mainly done through 

automated gantry cranes. Figure 18 on the next page depicts the internal 

material handling process for cylinder heads at Volvo Skövde. 
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Figure 18: Internal material handling process cylinder heads at Volvo Skövde 

Source: Own creation, inspired by interview with Sören Zackari (12.05.2014) 

 

4.3.3 Usage of object identification 

The plant In Skövde is currently running a pilot project to implement RFID in the 

machinery process of the cylinder head. In the last step of the foundry process, 

a hole is drilled in the cylinder head blank and a screw is inserted. This screw 

contains a passive RFID chip that is glued in the bolt of this screw. This process 

is called “marriage” between the cylinder head and the RFID chip. Because the 

cylinder head consists only of metal, the chip operates with an ultra-high 

frequency. RFID chips with a low frequency have been used in an older project, 

which however resulted in a limited read range of maximum 7 mm. With an 

ultra-high frequency chip the read range is higher. As this frequency is 

industrial-standard the cost of a chip is ca. ten times cheaper than the cost of a 
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low frequency chip. The chip is read-only and contains just a serial number, 

which indicates the chip instead of a product. When the chip is inserted in the 

raw blank of the cylinder head, the unique part number of this cylinder head is 

assigned to this unique serial number of the RFID chip. The connection is done 

through an IT system. This means that when the RFID serial number is 

identified, the IT system connects it to the individual part number of the cylinder 

head and through this enables the user the show the underlying data like 

production steps, date of production, etc. 

The information on the chip is used for different purposes. Firstly, tracking & 

tracing of the individual products within the machinery production line is applied. 

The chips are also used as working instructions for the automated machines. 

The latter can have two forms. Some machines check if it has the right 

calibration for that product before actually executing the process. The other 

machines use the data actively to calibrate themselves for the right production 

step. The machinery area has around 250 RFID readers and depending on the 

type of cylinder head, each individual product will pass approximately 85 of 

these readers. As RFID is not used in the assembly area (next production step) 

the screws are taken out of the cylinder head, the so-called “divorce” at the end 

of the machinery area. The RFID chip with its individual serial number is then 

reused for the next cylinder head to start the same process. Because the chips 

are specifically made for Volvo, the price for one screw with a RFID chip (ca. 

100 SEK) is much higher than for a standard RFID tag. 

Other than RFID, the cylinder heads are also identified through a data-matrix 

(2d barcode) that is visually stamped on the product. This is done twice in the 

process. The first barcode is only used in the machinery area. Near the end of 

the machinery process the second barcode, which is also used in the assembly 

process is stamped. One goal of the project is the elimination of the first 

stamping, which is based upon three reasons. Firstly, the stamping process is 

very loud and therefore a health hazard. Secondly, the stamps wear out after a 

while and have to be replaced. These Spare parts are not easy to obtain and 

moreover rather expensive. Last and most importantly, the barcode is read by 

cameras. A correct identification herewith requires a free line of sight and the 

barcode must be free from any kind of dirt (e.g. splinters, water). 
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The aim of the project is to eliminate error sources, stabilise the process and 

identify 99,999999 % of the RFID chips correctly. Momentarily this aim is not yet 

reached. The project is currently running for three years.  

In the course of this pilot project the plant also faced some difficulties. These 

problems were mostly software-related failures in the interconnectivity of the 

data streams in their IT system. As the project is still on-going, the 

implementation does not show specific benefits of the RFID technology yet. 

They nevertheless believe that a successful implementation and usage of RFID 

could lead to an easier tracking & tracing process that requires less additional 

resources. They also believe that a successful implementation could potentially 

lead to an extension to other areas or products in the production facility in 

Skövde. 

 

4.4 Bosch Homburg 

If not mentioned otherwise, all information in this chapter is based on the 

telephone interview with Andreas Müller, Corporate project manager for RFID 

rollout at Bosch’s headquarter in Stuttgart, Germany conducted on 16th May 

2014. Before Mr. Müller became corporate project manager in the end of 2012 

he was responsible for the RFID pilot project at the plant in Homburg, Germany. 

Through his current work he is still strongly connected to that plant. 

 

4.4.1 Company overview 

Founded in 1886 the Robert Bosch GmbH (hereafter Bosch), headquartered in 

Stuttgart, Germany, is a globally active supplier of technology and services and 

one of the world’s biggest part supplier in the automotive industry (Bosch.com, 

2014). In 2013 approximately 281.000 employees generated a revenue of 46,1 

billion Euro. The net profit in 2013 lay at 1,3 billion Euro. The majority of 

revenue is generated in Europe (55 %) followed by Asia-Pacific (24 %). Bosch 

is divided into the four business areas Automotive Technology, Industrial 

Technology, Consumer Goods and Energy and Building Technology. 

Automotive technology is the biggest business area and accounts for 66 % of all 
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revenue. Bosch strives to be a high quality and highly innovative company that 

focuses on long-term success. The innovation factor is reflected by more than 

5.000 new patents in 2013 (Bosch, 2014). In Homburg ca. 5.000 employees 

produce diesel injection systems for automobiles and commercial vehicles (see 

Figure 19).  

 

 

Figure 19: Example of a diesel injection system 

Source: Bosch-presse.de (2014a) 

 

The production has two main areas, the machinery and the final assembly. The 

plant consists of several buildings. Homburg is the Bosch-wide pilot plant for the 

use of RFID in material handling processes. 

 

4.4.2 Internal material handling process 

The production and material management at Bosch Homburg is based on a 

pull-principle that operates with Kanban. After the goods receipt, the raw 

material is brought to a centralised warehouse (separate building on site). The 

raw material is packed in euro containers (for a picture of a euro container see 

Figure 21, p. 65). The containers are transported to the production through a 

two-echelon milk-run system. The first-level milk-run runs between the 

warehouse and the production halls, the second-level milk-run runs inside a 

production hall. During all material movement the injection pumps are packed in 

euro containers. The material is identified & booked in the IT system several 

times throughout the production process to ensure transparency. Between the 



64 

 

machinery area and the final assembly there are small inventory buffers (so 

called “supermarkets”) to ensure a smooth production. Both production areas 

can be described as automated. After the final assembly the finished products 

are transported through a milk-run in euro containers to the centralised 

warehouse. From there they are sent to the customer. Figure 20 depicts the 

internal material handling process. 

 

 

Figure 20: Internal material handling process at Bosch Homburg 

Source: Own creation, inspired by interview with Andreas Müller (16.05.2014) 
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4.4.3 Usage of object identification 

When the raw material from the suppliers arrives at the plant it is booked in with 

the help of a barcode and stored in the central warehouse. When the product is 

needed in the production area it is booked out of the inventory storage and a 

Kanban is attached to the euro container. The Kanban contains, amongst 

others, information about the product (partnumber, quantity, supplier, etc.) a 

RFID tag, a barcode and a Kanban number. The barcode is used as a backup 

technology in case the RFID tag fails. The Kanban number can be typed into 

the IT system manually if both the RFID tag and the barcode fail. Throughout all 

processes RFID is used for the automated material booking. At the same time, 

as the production is based on a pull principle, every material booking is at the 

same time a replenishment order for the previous workplace. In the plant ca. 

600 RFID readers are installed. They come in three different forms: A “single 

read point”, which is a reader attached to the wall where the Kanban has to be 

put nearby to be identified, reading gates and “tunnel readers” where readers 

are placed in a tunnel on a conveyor. Figure 21 shows such a tunnel reader 

with a euro container and a RFID tag (the Kanban is left out to show the tag but 

can be seen on the euro container in the background). The data gathered 

through RFID is also used for inventory monitoring and controlling purposes. 

The Kanbans with the RFID tags are removed from the euro container after the 

order picking before they are transported to the customer. 

 

Figure 21: RFID tunnel reader at Bosch Homburg 

Source: Bosch-presse.de (2014b) with own remarks 
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The read- and write RFID tag contains only an individual serial number, which is 

linked through the IT system to the individual partnumbers of the materials in 

the euro containers. Bosch does not store any other data on the tag because 

this would mean additional effort. Furthermore it would be a potential error 

source and there is a risk of manipulation. The usage of a read & write tag 

instead of a simple read-only tag has historically grown. In the long run the tags 

are supposed to be substituted by read-only. The tag is passive and operates 

with ultra-high frequency. UHF tags are standard in the automotive and other 

industries (e.g. retail) and are therefore relatively inexpensive (ca. 0,10 € per 

tag). Additionally the read distance is longer than with other frequencies. As the 

tags are attached to the Kanban, and not to the product itself, interference from 

metal is not a problem.  

Homburg is the Bosch-wide pilot plant for the introduction of RFID in the internal 

material handling process. The project started in 2008 and is still on-going. It 

was started not as a stand-alone project but as a part of the Bosch Production 

System (the Bosch version of Toyota Production System) and in order to make 

processes in the plant more “lean”. Currently ca. 90 % of all material movement 

processes in the logistics area and 50 % of all material movements in the 

production area are supported by RFID. The project aims to increase these 

numbers and apply RFID on a full scale. 

Until now the project has shown big improvements. The general logistics 

efficiency could be increased by 10 % (Bosch-presse.de, 2014b), e.g. through 

reduction of manual IT booking, reduction of effort for tracking parts, reduction 

of coordination in case of missing parts and generally an increased 

transparency throughout the processes. Furthermore a reduction of assets was 

possible, which can be highlighted on the reduction of milk-run trains. Before 

RFID was applied, more than 25 trains were required in the plant to ensure 

supply security. After the introduction of RFID this number could be reduced to 

less than 20. This is mainly due to an enhanced levelling of the production.  

In the past, employees in the production area had to scan the barcodes of the 

products after they were produced in their area. Only after this was done, the 

product or subcomponent was considered as finished in the IT system and a 

new order for raw material was generated. The employees used to collect the 



67 

 

products to scan them all in one go and thus reduce work for themselves. They 

mostly did that before or after the breaks. This led to high demands at those 

time periods and an increased workload for the employees in the warehouse 

and on the milk-runs. After the introduction of RFID the manual scanning is not 

required anymore. The data is, through the RFID readers, gathered 

automatically and in real-time. This leads to a smoothening of the material 

demand. Idle times as well as workload peaks for the employees responsible for 

the material movement can be prevented and through gained transparency the 

timetables of the milk-runs have been recalculated, resulting in the need for less 

milk-run trains.  

The levelling of demands and the real-time data gathering also has a positive 

effect on the inventory level. The number of replenishments can be calculated 

more precisely when real-time data is used. This led to a decrease in the 

replenishment time and consequently to a lower amount of products needed in 

the supermarkets in the manufacturing area. Furthermore through the increased 

transparency, safety stock was decreased. Bosch estimates that through the 

introduction of RFID, and the described benefits that came along with it, the 

inventory level was lowered by 30 %. The transparency in the processes also 

led to an inventory difference of less than 1 % in the annual stock-taking. 

Inventory differences still happen throughout the year, but because of real-time 

data gathering they are detected earlier and can be corrected promptly. This 

also has the benefits that the inventory data in the system is accurate and 

reliable and thus safety stock can be decreased. 

A critical success factor, especially in the beginning of the project, is the data 

quality in the IT system. The information has to be standardised and accurate. 

In the beginning of the project that was one of the major difficulties. 

Standardisation is also an important factor for all physical processes, e.g. 

physical movement of the material. Another problem area in the beginning 

concerned the IT infrastructure. The real-time data gathering led to an 

increased amount of information that had to be processed. The old IT system 

could not handle that amount and therefore had to be upgraded. The findings 

from the pilot project in Homburg are used in other Bosch plants that started 

RFID projects.  
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5 Analysis 

This chapter juxtaposes the theoretical- and the empirical study. The two 

research questions here serve as the main stream to be answered: To what 

extent, how (RQ1) and why or why not (RQ2) organisations apply the RFID 

technology. The structure of this chapter is set through these research 

questions and through a development and integration of existing- and new 

models, the researchers strive to provide a comprehensive overview of the 

usage of RFID in the investigated companies. 

 

5.1 Analysis of research question 1 

RQ 1: To what extent and how is RFID currently applied in the internal material 

handling process in the investigated automotive companies? 

 

5.1.1 To what extent? 

Figure 22 depicts how the authors of this thesis perceive the extent of RFID 

application in the internal material handling process in the investigated 

companies. The scale ranges from applying it in every process on the left to not 

applying it at all on the right. Explanations for this classification are given in the 

following. 

 

Figure 22: Extent of RFID usage in the internal material handling process in the 

investigated companies 

Source: Own creation 
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The scientific literature states that barcodes are still the major technology for 

object identification in the automotive industry and if RFID is applied, this is only 

done on a small scale (Schmidt et al., 2013). This is supported by the empirical 

findings of this thesis. None of the investigated companies apply RFID on a full 

scale in their internal material handling process. VDL Nedcar Born and Scania 

Oskarshamn do not apply RFID at all. The application of RFID at Volvo Skövde 

can be described as small-scaled since this is a pilot project for only one 

component in only one production area. The RFID application at Scania Zwolle 

is a pilot project in a limited area in the production as well. The only company 

that applies RFID on a larger scale is Bosch Homburg. 

The literature states that there is an increased attention towards RFID projects 

in the automotive industry (Leung et al., 2014; Makris et al., 2012; Modrak & 

Moskvich, 2012; Schmidt et al., 2013; Tabanli & Ertay, 2013). This is reflected 

by the lately commenced pilot project at Scania Zwolle and the somewhat 

longer running pilots at Volvo Skövde and Bosch Homburg. Also VDL Nedcar 

Born and Scania Oskarshamn, who do not use RFID, have at least thought 

about the possibility of implementing the new technology. Therefore it can be 

said that the topic is at least on the radar of the investigated companies.  

Scholars do not expect a dramatic change in the extent of application in the 

medium-term (Klug, 2010; Schmidt et al., 2013). This view can also be 

supported by the empirical findings. VDL Nedcar Born and Scania Oskarshamn 

do not have plans to introduce RFID in their internal material handling in the 

near future. Both are aware of potential benefits of RFID but for reasons 

discussed in chapter 5.2.2 do not apply it. 

If the pilot at Volvo Skövde turns out to be successful, RFID could be rolled out 

on a broader basis but as of today there is no concrete plan when or how this 

could be realised. At Scania Zwolle there is, according to the interview with the 

groupleader for Production Planning (09.05.2014), a strong tendency to roll out 

RFID to other components. Nevertheless no concrete project is planned. Bosch 

Homburg shows the contrary. They are constantly enlarging the number of 

processes supported by RFID and aim to fully apply RFID in their internal 

material handling. 
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5.1.2 How? 

The internal material handling process of each investigated company looks 

different in the detailed perspective. However, on the big picture the processes 

are similar to each other and all follow the sequence as presented in chapter 

3.2. Table 7 depicts how the investigated companies use RFID in their internal 

material handling process. This is juxtaposed to the case study literature 

(presented in chapter 3.4.3). On the left side the different categories that show 

how RFID is used are given. The reflection of the findings is done in the 

following. 

 

 

Table 7: Application approach of RFID in the investigated companies 

Source: Own creation 

 

In the case study literature the sticker label is the most common type of tag. In 

the investigated companies this type is also used by Scania Zwolle and Bosch 

Homburg. Only Volvo Skövde uses another technology, a RFID chip that is 

Attachment

Data on the

tag

Use of data

on the tag

Frequency

Type of tag Sticker label

On Kanbans, on products 

(with stickers or magnets), 

on loading units

Partnumber, quantity, 

production order, 

unique serial number

Material booking, Inventory 

monitoring, Tracking & 

tracing, error prevention, 

manufacturing instruction

Ultra-high frequency

Case study

literature

Backup 

technology

Active / 

passive tag
Passive tag

Barcode

Read & write

or read-only
Read-only

Zwolle Skövde Homburg

Sticker label RFID chip in a screw Sticker label

To the product

(windshield of a cab)

Screwed in the product

(cylinder head)

To a Kanban on a euro

container

unique cab- & 

corresponding chassis 

serial number

internal transport code

Unique serial number Unique serial number

Material booking, 

inventory monitoring, 

tracking & tracing,

error prevention

Material booking, 

tracking & tracing, 

manufacturing

instructions

Material booking, 

inventory monitoring, 

tracking & tracing

No info Ultra-high frequency Ultra-high frequency

Passive tag Passive tag Passive tag

No backup technology

used
Barcode

Barcode and Kanban

number

Read & write Read-only Read & write
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glued in the head of a screw, which is consequently screwed into the product. 

The findings from the investigated companies here add to the theoretical 

findings. 

Theory states that the tags are mostly attached to either the product itself 

(Jonsson, 2008) or to a loading unit, such as pallet, container or box (Baysan & 

Ustundag, 2013). The case studies show different ways of attaching the tag, 

e.g. to the product (either with stickers or with magnets), to the loading unit and 

to a Kanban. In the investigated companies the tag was placed on or in the 

product (Scania Zwolle, Volvo Skövde) and put on a Kanban, which was 

subsequently attached to a loading unit (Bosch Homburg). The empirical 

findings therefore reflect the theory. 

When it comes to the data that is stored on the tag, the empirical findings show 

a different picture than the theoretical study. The bigger storage capacity 

compared to barcodes is mentioned as one of the benefits of RFID (Cao et al., 

2009; Jonsson, 2008). The authors present that virtually any type of information 

about a product can be stored on a RFID tag (Aggarwal et al., 2013; Musa et 

al., 2014). The case study literature shows that data like quantity, a partnumber, 

and serial numbers are stored on the tag. In the investigated companies the 

amount of data stored on a tag was limited. Volvo Skövde and Bosch Homburg 

only store a unique serial number on the tag that could also be covered with a 

barcode. Scania Zwolle uses more data, but also only numerical data that could 

be stored on a barcode. All investigated companies store the bigger data in their 

connected IT system and use the data they store only as a “key” to access this 

data. The theory here therefore differs from the empirical findings. 

The way that data from the RFID tags is used differs among companies. 

Nevertheless there are usages that the companies from both the case study 

literature and the empirically investigated share. Material booking and tracking 

& tracing are the most common ways, followed by inventory monitoring. Scania 

Zwolle also uses the RFID data for error prevention, whereas Volvo Skövde 

uses the information for manufacturing instructions for their automated 

machines. It becomes evident that all usages in the investigated companies can 

also be seen in the case study literature and vice versa. 
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In general, RFID tags are available in the three frequencies low, high and ultra-

high (Chen et al., 2013a; Ferrer et al., 2010; Zhu et al., 2012). However, only 

UHF is used in the case study literature as well as in the investigated 

companies (no information about Scania Zwolle). The reasons for that are that 

UHF is widely applied and therefore relatively cheap (Bosch Homburg Interview, 

16.05.2014; Tabanli and Ertay, 2013; Volvo Skövde Interview, 12.05.2014), that 

it has a wide read range (Bosch Homburg Interview, 16.05.2014; Makris et al., 

2012; Volvo Skövde Interview, 12.05.2014) and lower interference with metal 

(Volvo Skövde Interview, 12.05.2014). Therefore a gap between the theoretical 

application and the practical usage is apparent. 

RFID tags can be read-only (i.e. data can be written on it only once) or read & 

write (i.e. rewritable) (Johnsson, 2008; Weis et al., 2004). In the case study 

literature it is only stated once that the applied tag is read-only (Schmidt et al., 

2013). However, from the context of the other case studies (chapter 3.4.3) it can 

be concluded that read-only is the common technology. The empirical findings 

show the same picture. Volvo Skövde uses read-only tags whereas Scania 

Zwolle and Bosch Homburg use rewritable tags. However Bosch Homburg uses 

them as read-only tags. For Bosch the usage of rewritable tags is historically 

grown. Scania Zwolle only makes use of the write-ability in case of wrong data 

on the tag. Reasons that speak against rewriting tags are increased effort and 

security risks. As the data stored on the tag is mostly only a unique serial 

number there is no need for rewritable tags in the investigated companies. 

RFID tags can be active (i.e. having their own power source) or passive (i.e. 

requiring an external power source, such as an antenna) (Chen et al., 2013a; 

Musa et al., 2014; Zhu et al., 2012). All companies, both in the case study 

literature as well as the empirically investigated, use passive tags. Active tags 

are too expensive, too big and do not yield bigger benefits compared to the 

passive tags for the companies. 

All investigated companies still use barcodes in their internal material handling 

process. For the companies that do not apply RFID (VDL Nedcar Born and 

Scania Oskarshamn) barcoding is the only object identification technology. 

Volvo Skövde and Bosch Homburg still use barcodes as a backup technology in 

their RFID supported processes. Additionally Bosch Homburg uses the Kanban 
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number, that can be typed into the IT system manually as a second security 

backup. The findings are in line with Schmidt et al. (2013), Sharma & Thomas 

(2013) and the case study literature presented in chapter 3.4.3, which claim and 

portray that during the transition to RFID, barcoding is used as a security 

backup. Scania Zwolle is an exception here as they do not use barcodes or 

other technologies as a backup in their RFID supported process. Nevertheless 

barcodes are used in the processes that are not RFID supported. 

The analysis shows that the way how RFID is used in the internal material 

handling in the investigated companies is to a large extent congruent with the 

findings from the literature study. Although the categories described above are 

often handled differently among the different companies, there are no drastic 

discrepancies apparent. The most important differences can be seen in what 

the data, which is generated with the help of RFID, is used for. It differs from 

company to company but at the same time patterns and recurring purposes are 

visible. 

 

5.2 Analysis of research question 2 

RQ 2: For what reasons did the investigated automotive companies decide to 

apply or not apply RFID technologies to support their internal material handling 

process? 

 

5.2.1 Why? 

According to the literature RFID shows multiple benefits over the barcoding 

technique on an operational- and strategic level. Operational-wise one can think 

of a higher storage capacity, a longer reading range, and, in contrast to 

barcodes, RFID tags can be rewritable (Jonsson, 2008; Zhu et al., 2012). Chen 

et al. (2013a) claim RFID is less error-prone and will therefore be a more 

reliable tool for a smooth object identification than barcoding. Zhu et al. (2012) 

And Jonsson (2008) explain that RFID has a higher durability, is maintenance 

free and thus likely to be used in objects dealing with harsh environments where 

barcodes are more prone. Other than that one can think of benefits such as the 
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possibility of bulk bookings between goods receipt and goods delivery as there 

is no necessity for a line of sight. Multiple tags here can be read simultaneously, 

which process-wise can reduce cycle time (Bray, 2013; Ferrer et al., 2010; 

Musa et al., 2014). Automation herewith can be realised and thus manual 

labour can be reduced (Chen et al., 2013a). Through this automation, real-time 

information about an object’s movement is identified and realised (Chen et al., 

2013a; Zhu et al., 2012). Table 8 summarises the benefits mentioned in the 

theoretical study and shows which benefits are perceived by the investigated 

companies. 

 

 

Table 8: Analysis of operational benefits in the investigated companies 

Source: Own creation 
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The majority of benefits mentioned in the literature are seen by the investigated 

companies. Scania Zwolle and Bosch Homburg perceive the possibility of bulk 

booking as a big benefit. Bosch Homburg uses the bulk booking throughout 

their internal material handling process, e.g. for booking goods in and out of 

their inventory storages. Scania Zwolle uses it for booking the incoming cabs in 

their goods receipt. Volvo Skövde did not mention this specifically as a benefit, 

as they use RFID only for the cylinder head. 

Not needing a line of sight is a benefit that is remarked by Scania Zwolle and 

Volvo Skövde. For Scania this is an important factor in their goods receipt for 

cabs, that do not have to be unloaded anymore in order to be identified. For 

Volvo Skövde obstructions that hindered the correct identification of the barcode 

(e.g. metal splinters, dirt) are no problem anymore with RFID technology. As 

Bosch Homburg did not have major problems with reading their barcodes the 

line of sight aspect is not specifically mentioned as a benefit. 

The automated product identification in real-time was perceived as a benefit by 

all investigated companies. Obtaining real-time data is often used as the basis 

for further process improvements. The automated information capturing is 

closely connected to another point that the three investigated companies see as 

a benefit of RFID: the reduction of manual labour. In the case of Bosch 

Homburg a reduction of cycle times (i.a. through reduced manual labour) that 

came along with introduction of RFID is visible. The other two companies 

however do not mention this as a perceived benefit.  

The higher read range compared to barcodes is mentioned as a benefit by 

Scania Zwolle (it enables the identification with the products still on the truck) as 

well as Bosch Homburg. As the tags are all read by automatic, fixed readers 

throughout the production area at Volvo Skövde this is not seen as a special 

benefit by them. The read & write ability of RFID tags is not seen as an 

important benefit by the investigated companies. Volvo Skövde and Bosch 

Homburg do not use the rewrite ability of the tags at all. Scania Zwolle uses it, 

but only if there is false information on the tag. The fact that RFID tags are less 

error-prone in comparison to barcodes is only perceived as a benefit by Volvo 

Skövde. This, again, is closely connected to the obstructions of barcodes 

through dirt, metal splinters and the like. 
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Some benefits, which are highlighted in the theoretical study are not reflected in 

practice. Literature for example points out that RFID represents a bigger 

storage capacity. None of the investigated companies name this as a concrete 

benefit that makes RFID superior to barcoding. In contrary, the companies store 

only a limited amount of data on the RFID tag. The higher durability of the RFID 

tags compared to a barcode sticker is also not mentioned as a reason for 

applying RFID by the investigated companies. This may be because the 

companies use the barcodes in areas where they are not exposed to wear & 

tear (on the inside of a windshield, as a stamp on a product, on a Kanban). 

Other than the arguments presented in the theoretical study, the empirical study 

shows a remarkable benefit that RFID is used as a ‘silent’ solution above 

barcodes for Volvo Skövde. This is due to the exceptional situation that the 

barcodes are stamped into the metal product, a process that is relatively loud. 

Operational benefits consequently have their impacts on an organisation’s 

strategic performance, which is managed and controlled on a higher level. 

Ferrer et al. (2010) here distinguished four types of strategically influenced key 

aspects, which play major roles to comply to a firm’s strategy: quality, speed, 

flexibility and costs, which are on one way or the other all interconnected 

through operational performances when implementing RFID. 

Qualitatively a company gets affected by its reliability, which is yet linked to 

operational measures such as security & safety procurements and error 

prevention to be constantly aware of each object’s location and logistical flow 

throughout the process. Speed is influenced through a real-time automatic 

tracking and tracing of objects. Product flows can be identified and possible 

bottle-necks in both production and distribution can be detected and dealt with, 

which is an element of lean management. Visibility in tracking & tracing 

subsequently leads to the ability to better estimate cycle / tact times, thus 

supply- and delivery slots. More accurate forecasts could herewith be made, 

which influences a company’s flexibility to its external partners (Ferrer et al., 

2010). The last aspect is costs, which will be influenced by several variables, 

one of which is the reduction of resources due to automation. Money can be 

saved through the shrinkage of manual labour and a more efficient utilisation of 

capacity (Chackelson & Errasti, 2013; Zelbst et al., 2012). Through an 
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automatic object identification throughout the internal material handling process, 

operational activities can be eliminated, which also contributes to lean 

management (Kobsa et al., 2013). 

The empirical study shows comparable outcomes to the literature study but are 

yet not completely similar. The investigated companies apply radio frequency 

identification to a different extent. As the strategic considerations for the 

application of RFID in the internal material handling process differ widely in 

each case, the following paragraphs are structured per company. 

 

Scania Zwolle 

Scania Zwolle points out several reasons for the currently running pilot in RFID. 

They decided to not unload the incoming trucks at their plant right away but 

park the loaded trailers in their yard as a Stock-On-Wheels concept. Herewith 

they want to create visibility in their inventory monitoring for incoming products. 

At the same time they want to improve their real-time tracking & tracing (visible 

in a yet stand-alone IT system) in order to improve protection & security abilities 

for the cabs. This should consequently support the JIT approach they apply. 

Other than that, the automatic identification should reduce their manual labour 

for the reception of goods, it should automate checking points throughout the 

entire process with moreover automated error alerts as a security & safety back 

up. Another reason to run a pilot in RFID is to get experience with the ‘new’ 

technology and check its reliability. Summarised Scania Zwolle sees the 

following strategic motives for the implementation of RFID in their internal 

material handling process: 

o Enhanced tracking & tracing through an automated real-time object 

identification 

o Higher data quality through enhanced tracking & tracing in IT system 

o Error prevention through automated alerts 

o Cost savings in the long run due to a reduction in resources 

o Get experience and check reliability of the ‘new’ system 
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Volvo Skövde 

Volvo Skövde runs a pilot in the RFID technology to enhance the automatic 

object identification that correlates with the working instructions for machines 

along the production line. This should lead to a smoother and more stabilised 

production process through the elimination of error sources where at the same 

time less manual labour is required and cost-savings can be realised. Other 

than that they intent to improve the working environment through the elimination 

of the loud stamping of barcodes. Also this stamping equipment wears out and 

is expensive to replace and thus should save them maintenance costs. 

Summarised Volvo Skövde sees the following strategic motives for the 

implementation of RFID in their internal material handling process: 

o Smoothened and more stabilised production process through automated 

object identification and elimination of error resources 

o Cost savings in the long run due to a reduction in manual resources and 

automated as well as more accurate working instructions for machines 

o Improved working environment through the elimination of barcode 

stamping 

 

Bosch Homburg 

Strategically Bosch Homburg applies the RFID technology to contribute to its 

lean management program. All processes are automatically booked to 

smoothen & level production- and demand processes and eliminate wastes, 

thus reduce costs. Resources are used more efficiently through a real-time 

tracking & tracing system and an increased transparency throughout the entire 

material handling process. A more efficient usage of capacity leads to less 

resources needed and thus reduces throughput time as well as costs. RFID 

enables inventory monitoring whereby Bosch Homburg can more accurately 

supply products to the production line, which led to a reduction of their 

inventory. All above mentioned improvements lead to a better flexibility against 

lower costs. Summarised Bosch Homburg sees the following strategic motives 

for the implementation of RFID in their internal material handling process: 
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o Supporting lean management program 

o Increased flexibility and reduction of costs through lean management 

o Enhanced tracking & tracing through an automated real-time object 

identification 

o Higher data quality through enhanced tracking & tracing in IT system 

o Smoothen & stabilise production supply/demand 

 

Also strategically the majority of reasons pointed out by literature are reflected 

by the empirical study. Literature reveals four main reasons while the empirical 

study reveals eight, which are however mostly connected. Main reasons such 

as increased flexibility through real-time tracking & tracing, an improved 

transparency throughout the entire internal material handling process, 

elimination of manual labour or an increased capacity utilisation through 

automation thus a reduction of costs were by both literature and the empirical 

study seen as important success factors. 

Five of the eight reasons revealed by the investigated companies reflect to the 

four main reasons presented by the literature study, however more detailed. 

The investigated companies however name three reasons, which were not 

concretely mentioned in the literature. Getting experience with the new 

technology and check its reliability was a remarkable reason for running a pilot 

with the ‘new’ technology at Scania Zwolle. Bosch Homburg specifically applied 

RFID to support their lean management program. Literature sees this rather as 

an additional benefit, whereas for Bosch it is one of the main reasons to apply 

RFID. At Volvo Skövde they run the pilot in order to get rid of the stamping 

process of barcoding, which is a loud process and can thus be considered a 

health hazard that they tend to eliminate, which was not reflected by literature. 

Table 9 on the next page depicts an overview where the above mentioned 

theoretical- and empirical results are merged together. It becomes clear that the 

empirical outcome mostly reflects the theoretical outcome when it comes to the 

question why companies apply RFID. However, differences in the application 

have been noticed. 



 

 

 

 

 

Table 9: Reasons for applying RFID in the investigated companies 

Source: Own creation
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5.2.2 Why not? 

The literature provides several reasons why companies do not use RFID for 

their internal material handling processes, the most commonly presented being 

the higher costs in comparison to barcodes (Kim et al., 2013; Leung et al., 

2014; Modrak & Moskvich, 2012). This is also an important factor for the two 

investigated companies that do not use RFID, VDL Nedcar Born and Scania 

Oskarshamn. For Scania this is the most important reasons as they do not see 

any benefits for their processes that would outweigh the higher costs for the 

implementation of RFID. 

Another commonly presented reason against the introduction of RFID is that it 

does not work well on metal surfaces (Jonsson, 2008; Rajesh & Suresh, 2013). 

This, however, can be refuted by the several cases in which RFID works in 

combination with metal, one of which is the project at Volvo Skövde. The tag 

there is inserted in a product that consists only of metal but still works fine. In 

such a case it is important to find the right RFID setup (e.g. ultra-high 

frequency). Furthermore this was not an argument produced by VDL Nedcar 

Born or Scania Oskarshamn. 

VDL Nedcar presented, apart from the cost aspect, reasons for not applying 

RFID that have not been mentioned in the theoretical discussion: The plant is 

undergoing substantial changes in their production area in order to produce a 

new car model. In this critical phase of change they prefer to use the yet familiar 

barcoding technology because they already have the required material and the 

employees are experienced with it. The introduction of a new technology, which 

no one in the plant has experiences with, is considered a too high risk at the 

moment. 

The empirical findings therefore show that the higher costs are still a very 

important factor for not applying RFID in the internal material handling process. 

This is in line with the scientific literature provided. However, the findings also 

show that the two companies mention specific reasons for not applying RFID 

that might not be stated in the scientific literature, as well as reasons from the 

literature being not valid for the investigated companies. It can be noted that the 

reasons largely depend on the company-specific situation.  
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6 Conclusion 

6.1 Answer to the research questions 

Two research questions were the formulated in this thesis. Both will be 

discussed and answered in the following. 

 

Research Question 1: To what extent and how is RFID currently applied in the 

internal material handling process in the investigated automotive companies? 

 

Throughout the course of this study it became apparent that RFID is on the 

radar of all investigated companies. The extent however varies from applying it 

on a large scale to not applying it at all. Scania Zwolle, Volvo Skövde and 

Bosch Homburg apply RFID. VDL Nedcar Born and Scania Oskarshamn do not 

apply RFID. 

Both Scania Zwolle and Volvo Skövde apply the new technology on a rather 

small scale. Scania Zwolle runs a pilot project for only one component in their 

production line but as it seems that their goal will be achieved, they strongly 

believe in an extension of RFID to other components in the near future. Volvo 

Skövde runs a pilot with only one component in only one production area in 

their plant. They do not have a clear idea whether or not the pilot will succeed 

and thus no concrete intentions for an extension to other components here are 

known yet. Bosch Homburg in contrary applies radio frequency identification 

already on a large scale and is still increasing its number of processes that are 

RFID-enabled, aiming to be fully RFID-equipped in their internal material 

handling processes in the future. 

Scania Zwolle, Volvo Skövde and Bosch Homburg apply the technique in 

different ways, which nevertheless show similarities. Where Scania Zwolle and 

Bosch Homburg use RFID stickers, Volvo Skövde glues a RFID tag into a screw 

that gets inserted in the product. The amount of data stored on the tag is limited 

in all companies. The information is mainly used for an automatic material 

booking and tracking & tracing abilities in the companies their internal material 
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handling processes. Each company additionally has company-specific usages 

such as an error-prevention tool for Scania Zwolle, automatic manufacturing 

instructions for Volvo Skövde and inventory monitoring for both Scania Zwolle 

and Bosch Homburg. Scania Zwolle runs their pilot without the use of any 

backup technology whereas Volvo Skövde and Bosch Homburg both operate 

with one or two other types of backup technology. The way of usage therefore 

does not show drastic discrepancies but should more be perceived as 

company-specific approaches on how to use the RFID technology in the internal 

material handling process. 

 

Research Question 2: For what reasons did the investigated automotive 

companies decide to apply or not apply RFID technologies to support their 

internal material handling process? 

 

Various reasons became apparent for the investigated companies to apply or 

not apply the RFID technology, which are considered as company-specific but 

at the same time show similarities. Both Scania Zwolle and Bosch Homburg for 

example emphasise a real-time ability for the tracking & tracing of objects within 

their internal material handling process, with which a higher data quality can be 

ensured. Volvo Skövde and Bosch Homburg both believe that a smoother and 

more stabilised production process can be realised through radio frequency 

identification. Scania Zwolle, Volvo Skövde as well as Bosch Homburg all 

believe that RFID could lead to a reduction in costs through the replacement of 

manual labour with the automatic object identification. Additionally, each 

company has their business-specific motives for the implementation or RFID. 

Scania Zwolle for example wants to integrate RFID to make use of the 

possibility for automatic alerts throughout their internal material handling 

process. Other than that they first want to get experience and check the 

reliability of RFID through the currently running pilot. Volvo Skövde specifies the 

need for a ‘silent’ successor for the stamping of barcodes, which is currently 

used but refers to a loud process in one of their production areas. Bosch 

Homburg emphasises that the RFID implementation supports their lean 
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management program, which helps the company to reduce their overall 

operational costs. 

VDL Nedcar Born and Scania Oskarshamn both reveal concrete reasons why 

they do not apply radio frequency identification in their internal material handling 

processes. VDL Nedcar’s plant in Born is undergoing substantial changes in 

their production area in order to produce a new car model. In this critical phase 

of change they prefer to use the yet familiar barcoding technology because they 

already have the required material and the employees are experienced with it. 

The introduction of a new technology, which is perceived as expensive and no 

one in the plant has experiences with, is considered a too high risk at the 

moment. Scania Oskarshamn is reluctant to an implementation of the RFID 

technology because they currently do not see the benefits for their processes 

that would outweigh the higher costs for the implementation of the RFID 

technology.  

 

6.2 Criticism of this thesis 

The authors of this thesis believe that this research makes a modest 

contribution to the understanding of the RFID application in the internal material 

handling process in the automotive industry. However some criticisms have to 

be considered. 

One criticism of this thesis is the applied single-informant approach. More 

interviews with different people within the companies could have provided 

further insight into the subject as well as a stronger base for the presented 

findings & conclusions. Furthermore the credibility of this thesis could be raised 

by multiple sources as the risk for false information or having a uninformed 

source decreases. 

A second criticism refers to the sample size of this thesis. As only five 

companies are interviewed, the thesis lacks the ability for a generalisation of the 

findings to the whole automotive industry. This, however, is not the scope of this 

thesis. Nevertheless the authors feel, that through the relatively high similarity of 

how the internal material handling processes in the investigated companies are 
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structured, this thesis can serve as a basis for practitioners as well as for further 

researchers when working with RFID in the automotive industry. 

 

6.3 Societal and environmental impacts 

The introduction of RFID in the internal material handling process in the 

automotive industry can have impacts on society as well as on the environment. 

Through an increased automation and decreasing manual labour, jobs in this 

area may become redundant and employees might be let go. This would have a 

negative impact on society. On the other hand it can be argued that companies 

use the benefits they gain from the introduction of RFID to lower the prices of 

their products. More consumers would be able to afford the products and this 

increased demand for products might lead to more jobs within a company / 

industry. 

RFID can have a positive impact on the environment. Through a better process 

overview that results from the enhanced data quality it could be possible to 

reduce non-value-adding activities and unnecessary material movements. If 

those movements are done by or with the help of machines energy can be 

saved and emissions lowered. 

 

6.4 Suggestions for future research 

As this is a rather contemporary topic, more studies will be needed in order to 

reach a level where a generalisation for the automotive industry can be claimed. 

A broader study with more companies would add value to this. Especially the 

reasons for and the perceived benefits from applying RFID in different 

companies can contribute to a holistic view of the subject. Nevertheless, 

providing cases where companies concisely chose not to apply RFID for 

distinctive reasons are equally important. Also the way how the companies use 

RFID (which kind of tag, which frequency, what data is stored on the tag, where 

is the tag attached, etc.) can be analysed further in order to create “best 
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practice” cases for certain business situations. This could help practitioners 

when deciding to apply RFID, in which way to apply it or when not to apply it. 

Another research object of interest could be the usage of RFID not only in the 

internal material handling, but also in logistical processes between two or more 

companies. The strengths and weaknesses of RFID usage in supply chains 

may become an important topic in the future for both researchers and 

practitioners. 
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8 Appendices 

Appendix 1 – Interview guide 

Company & plant 

 Key facts about your plant (main products, # of employees, plant size, 

units produced last year). 

Material Handling Processes 

 Please describe shortly the material handling process in your plant, from 

goods receipt until goods delivery. 

 Sample process: 

 

 

 

 How do you receive your raw material (in Boxes, on pallets, only one 

type of product on a pallet, different types of products on a pallet, etc.)? 

 How do you send out your finished products (in Boxes, on pallets, only 

one type of product on a pallet, different types of products on a pallet, 

etc.)? 

 How automated is your material handling and production process? 
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Use of RFID 

 Do you use RFID in your internal material handling process? 

 If you apply it: 

o In which way do you apply it, where do you use it for? 

o Where do you put the tags (on the product, on the loading unit, 

etc.)? 

o What data is stored on the tags (information about the product, 

work plan, information about the production process, etc.)? 

o What do you use the data for (inventory controlling, etc.)? 

o Do you use active or passive tags? 

o Are the tags rewritable? 

o What are the reasons for using RFID instead of another 

technology (e.g. Barcodes)? 

o Can you name concrete benefits you experienced from the 

introduction of RFID (e.g. shorter throughput times, less inventory, 

less errors…)? 

o Did you face obstacles during the implementation? 

o Are there situations when RFID is not working for you (e.g. on 

certain surfaces, wear & tear)? 

o How much is the approximate cost of a tag? 

o Do/did you have an expected payback period? 

o Do/did you use RFID in combination with another technology (e.g. 

barcoding or magnetic strips)? 

o Would you consider RFID rather as a stand-alone technology or 

as a supporting technology for bigger targets (e.g. for lean 

manufacturing)? 

 

 If you do not apply it:  

o What are the reasons? 

o Did you consider introducing it in the past? 

o Do you consider introducing it in the future? 

o What technology do you use instead (e.g. barcodes)? 
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Appendix 2 – House of Lean 

 

Source: Vision-lean.com (2008) 

 

Appendix 3 – 7 types of waste (1/2) 

 

Source: Melton (2005), p. 665 
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Appendix 4 – 7 types of waste (2/2)

 

Source: Melton (2005), p. 666 

 

Appendix 5 – Characteristics of different RFID tags 

 

Source: Ferrer et al. (2010), p. 416 


