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This is a result of a master’s thesis project initiated by Stralfors BA Labels in Gothenburg. The purpose
of the thesis is to identify the main factors influencing implementation of radio frequency identification,
RFID, in the automotive and pharmaceutical industries. These factors are thereafter analyzed and
concretized to provide Stralfors BA Labels with a better understanding of present and future business
opportunities provided by the RFID technology in these two industries.

The thesis is focusing on applications of RFID that are related to supply chain management applications,
and a theoretical framework on this subject is therefore included. The technology of RFID is described,
analyzed and compared to barcodes, which is the prevalent technology used for product identification
today.
 
RFID can be used in varied forms in both the pharmaceutical and automotive industry, based on the
characteristics of the RFID technology we have chosen to divide possible RFID solutions in open
system and closed loop system. In an open system the tags are discarded after they have passed through
the supply chain and in the closed loop scenario the tags are reused and moved through the same
processes of the supply chain multiple times. 

We believe that the main factor for an RFID implementation in the pharmaceutical industry is the
recommendations and potential mandates from the FDA to attach RFID tags on every pharmaceutical
product that enters the U.S. pharmaceutical market, thus forming an open system. In the automotive
industry we believe that the main use of RFID in the near future will be in closed loop solutions for
instance to improve asset management. There are already pilot projects running and many of these
projects indicate extensive benefits from the use of RFID. Implementation of RFID in open systems is
delayed by technological immaturity, profitability concerns and a still on-going standardization process.
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SUMMARY 
 
This is a result of a master’s thesis project initiated by Stralfors BA Labels in Gothenburg. 
The purpose of the thesis is to identify the main factors influencing implementation of radio 
frequency identification, RFID, in the automotive and pharmaceutical industries. These 
factors are thereafter analyzed and concretized to provide Stralfors BA Labels with a better 
understanding of present and future business opportunities provided by the RFID technology 
in these two industries. 
 
Stralfors BA Labels is a leading manufacturer of self-adhesive labels and are now looking 
into the possibility to expand their product segment to the pharmaceutical and automotive 
industries by offering RFID solutions.  
 
RFID is a technology for transferring data between an RFID reader and a transponder or tag 
through the use of radio waves. The tag is typically attached to a product or asset for 
identification purposes. The tag includes a memory chip where a unique identification number 
or additional information about the object it is attached to can be stored. The technology has 
been known and used for decades, but has recently been receiving increased attention due to 
the commitment of large retail companies in the U.S. and Europe to use RFID to improve 
supply chain visibility and increase the level of automation. For these applications tags are 
integrated in normal labels, forming so called smart labels. This connection to labels is one of 
the reasons for why Stralfors BA Label has started investigating the area of RFID. 
 
The thesis is focusing on applications of RFID that are related to supply chain management 
applications, and a theoretical framework on this subject is therefore included. The 
technology of RFID is described, analyzed and compared to barcodes, which is the prevalent 
technology used for product identification today. 
  
RFID can be used in varied forms in both the pharmaceutical and automotive industry, based 
on the characteristics of the RFID technology we have chosen to divide possible RFID 
solutions in open system and closed loop system. In an open system the tags are discarded 
after they have passed through the supply chain and in the closed loop scenario the tags are 
reused and moved through the same processes of the supply chain multiple times.  
 
We believe that the main factor for an RFID implementation in the pharmaceutical industry is 
the recommendations and potential mandates from the FDA to attach RFID tags on every 
pharmaceutical product that enters the U.S. pharmaceutical market, thus forming an open 
system. In the automotive industry we believe that the main use of RFID in the near future 
will be in closed loop solutions for instance to improve asset management. There are already 
pilot projects running and many of these projects indicate extensive benefits from the use of 
RFID. Implementation of RFID in open systems is delayed by technological immaturity, 
profitability concerns and a still on-going standardization process. 
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1 INTRODUCTION 
The introduction aims to provide the reader with a background about Stralfors and 

why this master thesis was initiated. It also describes the purpose, scope and 

limitations of the thesis. 

1.1 Background  
RFID (Radio Frequency Identification) is a technology that sends information stored 
on so called tags by radio waves. The capability of RFID to send information 
wirelessly, without the need of line of sight, and at a high transfer rate make RFID 
interesting from a logistical point of view. RFID is widely believed to be the 
successor of the barcode system. Since Stralfors Business Area Labels (Stralfors BA 
Labels) is producing barcode labels and selling printers and scanners for barcodes, the 
company has been following the development of RFID. 
 
Stralfors BA Labels is one of the business areas within the Stralfors Group. Stralfors 
BA Labels produces self-adhesive labels and has its head office in Gothenburg. The 
company offers different label solutions like automatic data capture (AIDC) with 
barcode labels to a wide range of industries, for example the automotive and pharma-
ceutical industries. Stralfors BA Labels is now looking into the possibility of 
expanding this product segment by including smart labels, i.e. labels with an 
integrated RFID tag, and has for that reason been doing research on RFID and 
subsequently initiated this thesis project.  
 
Stralfors BA Labels has a thorough knowledge about and experience from printing 
labels and has also conducted small-scale research and development of smart labels 
applications. Stralfors BA Labels has thereby already acquired an extensive 
knowledge about the technological aspect of RFID, even though it is concentrated to a 
limited number of people. The company is lacking an understanding of what factors 
influence companies’ decision whether or not to start using RFID and is also 
interested in learning what potential customers need from an RFID solution. The 
thesis is also intended to spread the knowledge about the technology to more people 
in the company. 
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1.2 About Stralfors Group 
Stralfors is an IT-focused business-to-business company with a print heritage, and 
provides total solutions within the field of information transfer. Stralfors develops, 
produces and delivers systems, services and products for the efficient communication 
of information crucial to operating a business.1 
 
Stralfors Group is quoted on the Stockholm Stock Exchange since 1984. The com-
pany has today 1 740 employees in 12 countries. The turnover for Stralfors Group in 
year 2003 was 2 991 MSEK.  
 
Business areas in the Stralfors group that are of interest to this thesis are; Stralfors 
TradeCom solutions, that constructs and delivers middleware serving as a translator of 
information between companies’ ERP systems and plug-ins. Stralfors Information 
Logistics, that can provide the communication between companies with the use of the 
EDI service. 
 
The organization of the Stralfors Group can be seen below in Figure 1.1. 
 

 
Figure 1.1: Organizational chart, Stralfors Group 

1.3 Purpose 

                                                
1http://www.stralfors.se 

The purpose of this thesis is to identify the main factors influencing 

implementation of RFID in the automotive and pharmaceutical industries. 

These factors should thereafter be analyzed and concretized to give Stralfors 

BA Labels a better understanding of present and future business 

opportunities provided by the RFID technology in these two industries. 
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1.4 Research points 
The purpose above can be broken down into the following research points, or 
subtasks. 
 

� Establish an understanding of the RFID technology and its merits and flaws. 
 

� Get a general view of the pharmaceutical and automotive industry and an 
understanding of these two industries in Sweden. 

 
� Get an understanding of the pharmaceutical and automotive supply chains, 

analyze them and find out how and if these supply chains could benefit from 
the use of RFID. 

 
� Identify the main factors influencing whether companies within the 

automotive and pharmaceutical industries will implement RFID and in what 
applications RFID is likely to be used.  

 
� Evaluate the competence and business concept of Stralfors BA Labels and the 

Stralfors Group to be able to present opportunities and recommendations for 
Stralfors BA Labels. 

 
� Provide information about Stralfors BA Labels’ opportunities in offering 

RFID-based products to companies within the pharmaceutical and automotive 
industries. 

 
These research points are the base of this thesis and will be investigated within the 
limits of the study. Figure 1.2 describes how the subtasks are linked together and how 
the purpose has guided the workflow.  
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RFID technology
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Pharmaceutical
industry
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Literature review

Conducting interviews
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Results
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Figure 1.2: Work breakdown structure 
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1.5 Scope and Delimitations 
This thesis will take into consideration factors influencing the implementation of 
RFID in the pharmaceutical and automotive industries. The decision to focus on these 
two industries has been made by Stralfors BA Labels based on the strategic 
positioning of the company. Although the future of the RFID technology will be 
studied in general no thorough investigations of the factors influencing use of RFID in 
other industries than those above-mentioned will be made. Only applications of RFID 
concerning supply chain management will be studied. 
 
Global aspects of the automotive and pharmaceutical industries are presented, but the 
focus of the thesis is Swedish companies within these two industries. 

1.6 Thesis Outline 
The following section provides the reader with an overview of the structure of this 
thesis in order to guide the reader through the report. 

Chapter 1. Introduction 

The introduction chapter aims to explain why this thesis was carried out, its purpose, 
scope and delimitations as well as explain the structure of the report.  

Chapter 2. Methodology 

Chapter two provides the reader with information about how this thesis was carried 
out. The overall research approach used throughout this thesis as well as the research 
outline is presented. At the end there is also a discussion about the data collection 
techniques and the validity and reliability of the study. 

Chapter 3. Frame of reference  

In chapter three theories that are important for understanding and analyzing the areas 
of investigation are presented. The frame of reference lays as a foundation for the 
analysis of RFID and the pharmaceutical and the automotive industry. 

Chapter 4. Radio frequency identification, RFID 

Chapter four is intended to give the reader a deeper understanding of the RFID 
technology. The different components in an RFID system are presented and factors 
that could influence the adoption of the technology are discussed. The chapter is 
concluded with an analysis of the RFID technology that is covering benefits as well as 
drawbacks of RFID-usage in supply chain applications. 

Chapter 5. Automotive industry 

In chapter five the reader is introduced to the automotive industry. The reader gets 
information about the automotive supply chain, the Swedish automotive industry and 
the external influences that affects the automotive industry. An initial analysis of the 
automotive industry is carried out to serve as a starting point for the general analysis 
in chapter 7. 
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Chapter 6. Pharmaceutical industry 

In this chapter the reader is introduced to the pharmaceutical industry. The reader gets 
information about the pharmaceutical supply chain, the Swedish pharmaceutical 
industry and the external influences that affects the pharmaceutical industry. An initial 
analysis of the pharmaceutical industry is carried out to serve as a starting point for 
the general analysis in chapter 7. 

Chapter 7. Analysis 

Taking relevant theories into account, chapter seven analyzes the use of RFID in the 
pharmaceutical and the automotive industry. The main factors influencing an 
implementation of RFID in these two industries are presented. 

Chapter 8. Stralfors BA Labels Analysis 

The factors that have been identified in the previous chapter and the current and 
predicted situation in the automotive and pharmaceutical industries are used to present 
different alternatives for how Stralfors BA Labels can enter the RFID market.  

Chapter 9. Conclusion  

Based on the analysis of RFID and respective industry, conclusions regarding 
potentials of RFID in respective industry are discussed. 
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Empirics 

From the 
theory 
conclusions 
are made on 
certain cases 

From certain 
cases a 
theory is 
conducted 

From certain 
cases a 
primary 
theory is 
conducted  

The theory is 
tested on 
other cases 

Deductive Inductive  Abductive 

The theory is 
developed  

Theory 

2 METHODOLOGY 
The methodology, which is described in this chapter, defines how the studied 

environment is perceived as well as how to obtain data from this environment. It also 

explains how the collected data was processed and handled in order to obtain valid 

and reliable information. 

2.1 The Research Direction of the Study2 
The literature on research methods presents three different approaches to connecting 
theory to empirical facts. These are called deduction, induction and abduction and are 
introduced and summarized in Figure 2.1.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.1: The relationship between reality and theory3 

In a deductive approach the researcher uses general principles and already known 
theories to draw conclusions on specific cases. The idea behind this approach is that 
the strength of the research is reinforced by using established theories as a foundation. 
At the same time there is a risk that new discoveries will not be made since the old 
theories used could limit and restrict the research process. 
 
The inductive research takes an opposite starting point compared to deduction. 
Empirical facts are here forming the foundation for constructing a general theory. By 
taking this approach the researches can work more freely without the restrictions of a 
deductive methodology, but on the other hand it might be difficult to guarantee the 
general applicability of the theory that is developed. The result might only be true for 
the particular case that has been studied. 

                                                
2 Patel, R. & Davidsson, B (2003), Forskningsmetodikens grunder; Att planera, genomföra och 
rapportera en undersökning. Lund: Studentlitteratur AB  ISBN: 91-44-02288-3 
3 Own illustration based on Patel, R. Davidsson, B. (2003) page 25 
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Abduction uses a combination of induction and deduction that is aiming at 
minimizing the risks associated with a purely inductive or deductive research 
approach. Results obtained from an inductive study are then tested on new cases so 
that the first results can be modified if necessary. Even with the abductive approach it 
is however inevitable that the researcher will be influenced by own experiences and 
earlier research. When doing research one should be aware of the impossibility to 
conduct completely unprejudiced research. 
 
Our thesis is of an explorative and investigating kind and is not based on any 
particular theory that should be proved or refuted. We do however use a theoretic 
framework based on literature studies of supply chain management, information 
handling and RFID. The information gathered in this way is then compared to 
empirical information collected mainly by interviews. Some of the empirical data 
made us realize that our theoretic framework needed to be extended to account for 
aspects that we had not anticipated and thereby not had covered from the beginning. 
Considering the fast developments within the area of RFID it was also necessary to 
constantly look for newly published material about RFID. Although our research does 
not fit in perfectly into any of the three different approaches that have been described 
above, the alteration between deduction and induction makes it resemble abduction. 
Considering the nature of the subject that we are investigating we do not believe we 
could have fulfilled our purpose by using a purely inductive or deductive approach. 

2.1.1 Qualitative and quantitative approach  

A quantitative research involves numerical measurements and typically uses statistical 
analyzing methods to try relations between measured variables and to finally 
transform the data collected into general theories and conclusions. Qualitative 
research utilizes verbal analyzing methods rather than numerical methods. Data is 
often gathered through qualitative interviews and interpretations of written material.4 
 
The quantitative research has its strengths in its high degree of generalisability and 
objectivity. This means that the reliability is high; someone who would repeat the 
study with under the same conditions would get approximately the same results. Most 
quantitative studies do however have also have a qualitative element. Even though the 
entire study is based solely on numbers, the process of detailing the scope of the study 
and choosing what method to use during the analysis resembles a qualitative 
approach. The qualitative research method is more subjective but offers a higher 
degree of flexibility than the quantitative approach and is often preferred if the study 
is intended to create a deeper understanding of a specific problem or where the 
collected data cannot be quantified in a meaningful way. The lack of a clearly defined 
structure for the study and the verbal analysis methods can lead to lower reliability 
while the flexibility and possibility to penetrate a problem deeper can have a positive 
effect on the validity.5  

2.1.2 The choice of technical approach  

The purpose of this study, to investigate two large industries, makes a broad study the 
natural choice.  

                                                
4 Patel, R. & Davidsson, B (2003) 
5 Lekvall, P. & Wahlbin, C. (2001), Information för marknadsföringsbeslut. Göteborg: IHM Publishing 
ISBN: 91-86460-85-4 
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We aimed to continuously analyze and interpret the data gathered through personal 
and telephone interviews, and put it in relation to existing theories. The data collected 
consisted of transcripts of the interviews and the analyses and interpretations that we 
performed by comparing the interviews to each other and to the results for our 
literature review were all based on verbal methods. In other words, a qualitative 
research approach was taken in this thesis. By collecting data from a wide range of 
sources we intended to create a deeper and more accurate understanding of the 
problem. Since the participants of the interviews had varying knowledge about RFID 
and logistics and were working in industries with significant differences, the 
flexibility provided by the qualitative method was necessary for our investigations. 
The data must be treated and analyzed according to the chosen dimensions, in this 
case a broad study with qualitative data. 
 
The data on which this thesis is based has been collected in three different ways: by 
personal interviews, telephone interviews and literature review. Further information 
on data collection will be presented in the following section.  

2.2 Data Collection 
Sources of information can be categorized in primary and secondary data. Primary 
sources are the data which you gather and on which you base your research and your 
conclusions6, for example interviews, questionnaires, observations and other methods. 
Secondary sources consist of information from other people’s work on the same 
subject, i.e. from other people’s primary research. These can be textbooks, reference 
books, newspaper and journal articles etc7. In this thesis both primary and secondary 
sources were used.  
 
There are three main ways of gathering primary data for a quality study: personal 
interviews, telephone interviews and questionnaires. 
 

• The personal interview offers a great advantage in its almost unlimited 
possibilities to ask different types of questions and to aids such as pictures 
and diagrams to further explain the questions. In a personal interview it is 
possible to detect the respondent’s attitude towards the questions asked in a 
way that is almost impossible in questionnaires and more difficult in 
telephone interviews. The length of a personal interview is usually allowed to 
be considerable if only the respondents have at least a moderate interest in the 
topic. This together with the possibility to use resulting questions makes the 
personal interview suitable when thorough and extensive information is 
wanted. The main drawback of the personal interview is that they are 
normally expensive and time demanding, something that makes it difficult to 
cover big selections by using this method of data collection8. 

 

• Questionnaires are a much cheaper alternative than interviews when a large 
number of respondents are wanted, and it is mainly is situations covering a 
large selection of people that questionnaires are used. Other advantages are 

                                                
6 Björk, L. & Räisänen, C. (1997), Academic Writing. Lund: Studentlitteratur AB 
ISBN: 91-44-00409-5 
7 Ibid 
8 Lekvall, P. & Wahlbin, C (2001) 
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that anonymity can be guaranteed and that it is easy to detect changes over 
time by sending out the same questionnaire twice. There is however a 
considerable risk that a large number of the respondents will not submit their 
answers or even bother to look at the questions. The complete lack of control 
over the interview situation also makes it difficult to determine the sincerity 
and attitude of the respondents as well as clarifying ambiguous questions. 
Another problem is that the time required until a satisfying number of 
respondents have returned the questionnaire can be long and difficult to 
estimate beforehand9. 

 

• Telephone interviews can be seen as a compromise between personal 
interviews and questionnaires. The telephone interview has most of the 
personal interview’s advantages but is less costly to perform. The personal 
interaction and the time that the respondent is willing to put aside are however 
normally more limited compared to the personal interview. It is important to 
clearly state how long time the interview is estimated to take, and then not to 
exceed this time limit in order to avoid that the respondent is focusing more 
on making the interview end than answering questions properly10.  

2.2.1 The choice of data collection technique 

Limited resources, both in terms of time and money, make it difficult to use personal 
interviews to cover a large sample. This study includes a combination of personal 
interviews and telephone interviews in order to cover a selection that is as large as 
possible. Personal interviews were carried out with companies in the Gothenburg 
region. Telephone interviews were used to get information from companies from 
other regions and to interact with companies who were only believe to have limited 
information of interest to the thesis.  

2.2.2 The interviews  

The interviews were carried out by using a qualitative interview method. The 
characteristics for a qualitative interview method are that the questions asked during 
the interview are not standardized and that the answers are not intended to be 
evaluated through numerical methods. This gives the respondent the opportunity to 
answer with a whole sentence and not only yes or no. In a qualitative interview the 
interview becomes more of a dialogue between the interviewer and the respondent11. 

The interview design 

The form of an interview is decided based on the properties of the following two 
dimensions: 
 

• Level of standardization 
 
• Level of structure 

 
The level of standardization is determined by to what extent the questions have been 
decided beforehand and how similar they are in one interview compared to another. 
                                                
9 Lekvall, P. & Wahlbin, C (2001) 
10 Ibid 
11 Patel, R. & Davidsson, B (2003) 
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The level of structure is decided by whether the respondents’ can answer the questions 
freely or if they are limited to choosing between pre-existing alternatives12.  
 
The interviews used in this thesis have been partly standardized since we have been 
following an interview guide with questions formulated to assure consistency between 
the different interview cases. In addition to the relatively few questions included in 
the interview guide, resulting questions have been asked and formulated during the 
interview depending on the answers of the predetermined questions. A shorter version 
of the interview guide was used for the telephone interviews. 
 
The level of structure is low since the interviews have contained almost exclusively 
open questions. The personal interview consisted of nine questions including two 
background questions and one follow-up question, together with a varying number of 
resulting questions. The estimated time for the interviews was one hour. The 
telephone interviews contained a selection of the questions that were believed to be 
the most central ones for the thesis. The average length of the telephone interviews 
was approximately 30 min. 
 
Sources of Error 

The risks are mostly connected to our own relative lack of experience when it comes 
to interview techniques. To decrease this risk we studied method literature and 
constructed an interview guide that helped us to minimize variations between the 
different interview cases. There is also the possibility that the companies take the 
opportunity of presenting answers that are politically colored. As mentioned earlier 
asking specific and objective questions and offering anonymity is a way of reducing 
this risk. 

2.2.3 Preparing the interviews 

The selection of respondents 

The selection of respondents for the different types of studies was made on the basis 
of deliberate choice, and not by using any statistical methods. The criterion that was 
used for the selection of companies to interview was that the companies should have 
production facilities in Sweden. The number of companies within the automotive and 
pharmaceutical industry matching this criterion is substantial, just the number of 
suppliers in the automotive industry is about 1 200. To further limit the number of 
companies that were to be contacted we decided that only the companies with the 
largest influence on the structure of the supply chain were necessary to contact. These 
were generally considered to be the largest companies. Stralfors BA Labels also 
provided us with companies that not necessarily matched these criteria, but that they 
had a special interest in. Through interviews and investigations we were able to 
identify further parties, such as authorities and standardization organizations, with 
power to influence the supply chain. All companies selected that where not 
participating in a personal interview were contacted by telephone.  

                                                
12 Patel, R. & Tebelius, U. (1987), Grundbok i forskningsmetodik: kvalitativt och kvantitativt. Lund: 
Studentlitteratur AB ISBN: 91-44-24851-2 
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Preparing the interviews  

The preparation of the personal interviews and telephone interviews were more or less 
the same. The preparation begun with a brief literature review about the company to 
get at better understanding about the possibilities of RFID in each company and was 
concluded with construction of initial questions intended to lead the interview in the 
desired direction. A total of eight personal interviews and 14 telephone interviews 
have been performed. All of the personal interviews were performed in November and 
December 2004 and were conducted in or nearby Gothenburg. The telephone 
interviews were performed between November 2004 and February 2005. 

Informing the respondents 

In order to minimize information loss it is important that the respondents are well 
informed about the conditions of the study before they take part in it13. In the 
beginning of every personal and telephone interview we presented ourselves as 
students working on our master thesis and informed the participants of the purpose of 
the thesis. We also offered the participants anonymity in case they in that way would 
feel more comfortable in discussing our questions without risking to reveal sensitive 
information. 

2.3 Sources of Errors 

2.3.1 Validity and reliability  

The questions of validity and reliability are important to consider. 
 

Validity is concerned with wether the method used for the study really measures 
what it is intended to do. There is no definite way to know if a method is valid or 
not, a logical analysis of the questions that have been asked and how the wording 
could have influenced the respondents is one way of avoiding the largest 
mistakes14. 

 
Reliability is a measure of the consistency of the chosen method. A reliable study 
should not be influenced by chance events and should produce the same result 
each time it is used, providing the object of the study has not been changed. The 
reliability can be influenced by variations in the interview situation such as the 
way different people ask questions, the mood and attitude of the respondent, 
distractions in the surroundings or unclear questions15. 

 

Sources of Error 

During the interviews and contacts with the respondents it became evident that the 
knowledge about and the awareness of the RFID technology varied considerably 
among the companies and persons contacted. In some cases the interview turned into 
an information session where the interviewees asked questions about the RFID 
technology and its possibilities. To increase validity we have tried to construct 
objective questions and offered anonymity to minimize the risk that respondent are 
reluctant to reveal sensitive information.  

                                                
13 Lekvall, P. & Wahlbin, C. (2001) 
14 Lekvall, P. & Wahlbin, C. (2001) 
15 Ibid 
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The reliability is another difficult matter in this thesis where the design of the 
interviews is of importance for the reliability of the results. To minimize the risks of 
variations between the different interviews we have tried to take great care when 
designing the interview questions. 

2.3.2  Criticism of the interview results 

The interviews worked out well and no specific questions caused any problems. One 
slight difficulty is that the nature of the interviews makes it inviting for the respondent 
to associate further and digress from the topic of the question. In such situations we 
have been careful to use resulting questions that were prepared in advance to steer the 
respondents. One problem connected to some of the telephone interviews was the 
respondents’ lack of knowledge about the RFID technology that could result in not so 
well thought-out answers from the respondents.  

2.3.3 Criticism of the secondary data 

Since most of the secondary data regarding RFID was gathered from Internet sites of 
companies with a business interest in RFID, there is a risk that the information is 
biased to the advantage of the RFID technology. In order to minimize the risk of 
depicting a too positive and unrealistic image of the current possibilities of RFID we 
have actively searched for critical and impartial reports on RFID. It has also been 
useful to study material from companies specializing in for instance high frequency 
tags and that thereby have provided us with criticism on the competing ultra high 
frequency technology, and vice versa. We have also been tried to diminish the 
influence of the sometimes exaggerated positivism by always researching the source 
of the material before using it. 
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3 FRAME OF REFERENCE 
In this chapter the concept of Supply Chain Management and Automatic Identification 

and Data Capture (AIDC) will be briefly presented and explained. 

3.1 Supply Chain Management 
The term supply chain management has been around in the consultants industry since 
the early 1980s, and in the academic world since the early 1990s. The focus of the 
supply chain management has changed in recent years from integrating logistics 
across the supply chain to the current focus of integrating and managing key business 
processes across the supply chain. Supply chain management has embraced a concept 
of direct, extended coordination of operations across the entire supply process, 
replacing both the market and vertical integration as the means of managing the flow 
process. The key is the integration of operations of both internal and external 
suppliers16. According to the Council of supply chain management professional 
(CSCMP) the definition of supply chain management can be presented as follows. 

Supply Chain Management encompasses the planning and 

management of all activities involved in sourcing and procurement, 

conversion, and all Logistics Management activities. Importantly, it 

also includes coordination and collaboration with channel partners, 

which can be suppliers, intermediaries, third-party service providers, 

and customers. In essence, Supply Chain Management integrates 

supply and demand management within and across companies.
17

 

The supply chain is a network of companies or organizations that are involved, 
through upstream and downstream relations, in different supply chain processes and 
activities that produce value in form of products or/and services to the end customer18.  
This relation between companies results in that managers across the supply chain have 
to take an interest in the success of other companies. Through this approach 
companies work together to conduct a competitive supply chain. The key point in 
supply chain management is that the entire process must be viewed as one system.  
 
In Figure 3.1 a supply chain is illustrated, as the figure shows the number of 
companies involved in a supply chain can be rather large. In a supply chain with many 
participants it can be a difficult task to achieve a competitive supply chain. One way 
of dealing with a high number of supply chain participants is to structure the supply 
chain in primary and secondary participating companies. The primary companies in 
the supply chain are companies that have a direct influence on the product, for 
instance suppliers of production materials. The secondary participants have no direct 
influence on the product, but are still needed to make the company function properly. 
  
 

                                                
16 Schary, P. &  Skjøtt-Larsen, T. (2001) Managing the Global Supply Chain. Copenhagen Business 
School Press ISBN 87-630-0081-4 
17 http://www.cscmp.org/Website/AboutCSCMP/Definitions/Definitions.asp 
18 Christoper, M. (1998), Logistics and Supply Chain Management. London: FT Prentice Hall ISBN: 0-
273-63049-0 
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Figure 3.1: A typical supply chain network
19

 

3.1.1 The Supply Chain Process 

A supply chain can be visualized from several perspectives: manufacturer, retailer or 
user. In the supply chain discussion the primary focus is on a complete manufacturing 
channel, from materials to final user, although few examples match the full scope of 
these processes. The supply chain can be described by the following five operating 
processes.20 
 

• Product. Product design determines production process. It also determines 
logistics requirements for transport, inventory and time for delivery. 

 

• Production. Production and related processes add value to the product flow. 
How the production process is run also influences inventory, transport and 
time for delivery. 

 

• Procurement. Procurement or purchasing links stages of manufacturing 
together. In effect, purchasing departments become “managers of outside 
production”. 

 

• Distribution. This provides the link between production and the market. It 
influences logistics through market requirements for service and efficiency. 

 

• Demand management. This includes several related activities related to the 
market: forecasting, customer order processing, marketing coordination and 
sales support activities. 

 
                                                
19 Own illustration based on Mattson, S. (2002) page 62  
20 Schary, P. & Skjøtt-Larsen, T. (2001) 
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3.2 Logistics Management 
The council of supply chain management professionals (CSCMP) has presented a new 
definition of the logistics management. 21 

Logistics Management is that part of Supply Chain Management that 

plans, implements, and controls the efficient, effective forward and 

reverse flow and storage of goods, services and related information 

between the point of origin and the point of consumption in order to 

meet customers' requirements.
22

 

By interpreting and comparing the supply chain definition and the logistics 
management definition the conclusion of the differences between the logistics 
management and the supply chain management is that the definition of the supply 
chain management includes not only the logistics management but also planning and 
procurement and is more focused on the collaboration needed in the supply chain. 
Logistics management is typically considered a sub-set of supply chain management 
and works in a more operative way than supply chain management. The logistics 
management embraces the movement of products from point A to point B and all the 
activities involved to make this happen.  The supply chain management works in a 
more strategic way and embraces the whole supply chain with its five key processes, 
mentioned in chapter 3.1.1.23  

3.2.1 The value of information 

The correct use of information has the potential to convert supply chains into demand 
chains in the sense that the system can respond to known demand rather than having 
to anticipate the demand through a forecast24. Achieving a good customer-focused 
system requires processing information both accurately and in a timely manner.  

Visibility in supply chains  

To achieve a visible supply chain the information flows will have to be seamless. This 
means that the demand signal must be shared with all of the participating partners. For 
instance, if the end customer purchases 80 units, that unfiltered, unaltered information 
has to make its way all of the way upstream to the final partner in the supply chain. If 
there is an interruption, the actionable information must reach both the customer and 
the agent responsible to make adaptations in order to fulfill the order on time and in 
full.25 
 
Information regarding inventory levels, such as work in process (WIP) and finished 
goods, should be transparent to the supply chain. This is increasingly important for 
those companies utilizing a postponement strategy. The further upstream the data is 
shared, the more efficient the supply chain can become. If data is shared to upstream 
participants quickly, problems such as the bullwhip effect can be avoided. 
 

                                                
21 Lambert, D. & Cooper, M. (2000) Issues in Supply Chain Management Elsevier Science Inc. New 
York 
22 http://www.cscmp.org/Website/AboutCSCMP/Definitions/Definitions.asp 
23 http://supplychain.ittoolbox.com/documents/document.asp?i=2408 
24 Christopher, M. (1998) 
25 Capgemini (2004) From visibility to Action 2004-02-09  
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Information flow 

By utilizing the information in a supply chain the participating companies can switch 
from push-based production, based on demand forecast, to pull-based production, 
where every company produces directly to customer demand.  

Push versus pull  

In a push concept, depicted in Figure 3.2, the companies produce to a demand forecast 
to meet projected sales targets. It requires inventory at the point of sale, because of the 
lead times required to produce and distribute products to the market. A push system is 
costly because of the high inventory levels required and the danger of missed sales by 
not having the right product on the market.26 
 
 
 
 
 

 

 

 

Figure 3.2: Information and material flow in a push system27 

 

Companies using pull strategies, depicted in Figure 3.3 

Figure 3.3, process orders individually. Companies in the supply chain only operate 
on the basis of orders received. Products are made to order, accompanied by direct 
coordination with suppliers. The key element for a successful pull-based supply chain 
is the information flow, every participant in the supply chain has to know the correct 
demand at the end market.  
 
 

 

 

Figure 3.3: Information and material flow in a pull system28 

3.2.2 Inventory and bullwhip effect 

The phenomenon of demand distortion and amplification of order levels upstream in 
the supply chain was first studied by Forrester some 45 years ago, while it became 
commonly known as the bullwhip effect through the logistics department at Procter & 
Gamble (P&G). P&G noticed the presence of the bullwhip effect as they conducted 
research on the ordering pattern of their best selling product, Pampers. The end 
customers’ demand of Pampers was fairly even, but the fluctuations that occurred 
were magnified as the distributors placed their orders. P&G’s order levels from their 

                                                
26 Schary, P. & Skjøtt-Larsen, T. (2001) 
27 Own illustration based on Mattson, S. (2002) 
28 Own illustration based on Mattson, S. (2002)  
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suppliers showed even greater fluctuations.29 The characteristics of a bullwhip effect 
across different actors of a supply chain are visualized in Figure 3.4. 
 
 

 

 
 
 

 

 

 

 

 

 

 

 

Figure 3.4: The increasing fluctuation upstream in a supply chain
30

 

 

Causes of the bullwhip effect 

The following characteristics can contribute to the bullwhip effect: 
 

� Overreaction to backlogs 
 
� Neglecting to order in an attempt to reduce inventory 

 
� No communication upstream and downstream in the supply chain 

 
� No coordination upstream and downstream in the supply chain 

 
� Order batching - large orders result in increased variance  

 
� Shortage gaming: customers order more than they need during a period of 

short supply, hoping that the partial shipments they receive will be sufficient. 
 

� Demand forecast inaccuracies; everybody in the supply chain adds a 
percentage to the demand forecast. 

 
All of these causes do not have to occur for a bullwhip to arise, there are often enough 
with one or two. The more causes that occurs the worse the bullwhip becomes. 

                                                
29 Lee Hau, L. Padmanabhan, V. Whang, S. (1997) The bullwhip effect in supply chains, Sloan 
management review. 
30 Own illustration based on Lee Hau, L (1997) 
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The problems with the bullwhip effect 

Since the bullwhip effect becomes more pronounced further upstream in the supply 
chain the resulting effects becomes more serious further away from the end 
customers. The demand fluctuation caused by the bullwhip effect results in increased 
cost of stock management, temporary overtime labor costs and periods of over-
capacity in the production plant, that lead to ineffective utilization of the production 
resources. 

To solve the bullwhip effect 

While the bullwhip effect is a common problem, many leading companies have been 
able to apply countermeasures to overcome it. The countermeasures31 and the 
attribution that RFID can give are presented below: 
 

� Countermeasures to order batching - High order cost is countered with 
supply chain visibility by using electronic data interchange (EDI) and RFID. 
With high visibility the manufacturer knows the demand at the end 
customer’s market and order supplies according to a more accurate demand 
forecast. 

 
� Countermeasures to shortage gaming - Ignorance of supply chain 

conditions can be addressed by sharing capacity and supply chain 
information. RFID and collaboration can help in this effort by allowing 
retailers and distributors to see the inventory levels at the manufacturer, this 
gives the retailers and distributors the opportunity to order exact amount of 
supplies. 

 
� Countermeasures to demand forecast inaccuracies - Lack of demand 

visibility can be addressed by providing access to point of sale (POS) data. By 
having an integrated supply chain RFID solution the manufactures can control 
the production by obtaining more accurate demand forecasts. 

3.2.3 Track and trace 

The business scope of tracking and tracing can be described by dividing the concept 
into three parts, as done by van Twillert in the following definition of tracking and 
tracing. 

Tracking and tracing may be subdivided into a tracking part and a 

forward and backward traceability part. The tracking part consists of 

the determination of the ongoing location of items during their way 

through the supply chain. The forward traceability part refers to the 

determination of the location of items in the supply chain which were 

produced together using, for example a contamination of the history of 

a certain item. Backward tracing is used to determine the source of the 

problem of a defective item
32

. 

                                                
31 http://www.quickmba.com/ops/bullwhip-effect/ 
32 van Dorp, K.-J. (2002) Tracking and tracing: a structure for development and contemporary 

practices MCB UP ISSN: 0957-6053 
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Tracking and tracing is not only restricted to the enterprise; the entire supply chain is 
of importance. The layers used for tracking and tracing in supply chain applications 
development are item coding, information architecture, and planning and control. 
 
Item coding: Item coding can be subdivided into product identification and product 
coding. Product identification involves measures to separate one product from 
another, this is typically done by assigning different numbers to different products and 
can be done on an individual level (each item of the same product type receives a 
unique number) or on an aggregated level. Product coding refers to how the product 
identification is displayed or stored on the product, it can for instance be through the 
use of typed figures, a barcode, letters or an RFID tag. Both product identification and 
product coding are important to achieve effective tracking and tracing of the physical 
material flow. By using RFID companies within a supply chain are able to achieve 
product identification on an individual level as well as product coding. 
  
Information architecture: An important aspect of tracking and tracing is the 
information architecture of the supply chain. The companies in the supply chain have 
to determine how the information flow between the companies will be carried out. If 
too much information is passed on, downstream companies can be unable to sort out 
the important parts of the information. One way of avoiding the problem with 
information overflow is to use information de-coupling, where specific product 
properties can be aggregated and replaced by a label describing the batch instead of 
the individual products. 
 
Planning and control: The exchange of information on lot properties between 
companies of the supply chain enables a proactive kind of tracking and tracing. To 
reach this layer of track and trace ability, item coding and information architecture are 
pre-conditions. Obtaining information on lot level from suppliers facilitates a 
company’s own lot based production. 

3.3 The information system for the supply chain 
The essential role of supply chain information systems is to connect the entire chain, 
and to make it work like a single integrated unit. Supply chain operations could start 
with a sales transaction that is captured through a barcode attached to the product. The 
sales information can then be aggregated by a retailer and passed on in the form of an 
order to a supplier. This order can in turn trigger the supplier to start its production or 
order process for subcomponents needed. The transfer of information is thereby 
needed in order to initiate the material flow through the supply chain.33  
 
If the flow of information is slow it might not be possible for companies to wait for 
point-of-sales data to start their manufacturing, instead they will have to rely on their 
ability to anticipating the demand through a forecast. Information systems that are 
used efficiently can have profound changes for organizations and the nature of the 
linkages between organizations. Being able to handle the flow of information well is 
now a key issue for a competitive logistics strategy.34  

 

                                                
33 Schary, P. & Skjøtt-Larsen, T. (2001) 
34 Christopher, M. (1998) 
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The basis for a responsive and fast information system is that information can be 
captured as quickly and accurately as possible. Automatic identification and data 
capture is one way of speeding up and enhancing the process of gathering 
information. 

3.3.1 ERP systems 

Compatibility among specialized software programs (stand-alone) has become a 
critical problem. It is here enterprise resource planning (ERP) programs come in use. 
The ambition with ERP is to attempt to integrate all departments and functions 
through connecting all stand-alone programs across a company into a single computer 
system that can serve all those different departments’ particular needs.35 
 
The problem in development of ERP systems is to build a single software that serves 
the needs of people in finance as well as it does the people in human resources and in 
the warehouse. Each of those departments typically has its own computer system 
optimized for the type of work that is carried out at that department. ERP combines 
these individual programs into a single, integrated software program that runs a single 
database so that the various departments can more easily share information and 
communicate with each other. That integrated approach can have a tremendous 
payback if companies install, configure and use the software correctly 
 
ERP is often limited to the boundaries of the company, but the open architecture of 
many systems permits connections to external applications. ERP is a foundation for 
managing interfunctional supply chain processes within the company. Boundaries 
mean that transaction data do not always reflect immediate inputs from on-line 
connections.36  
 
By using ERP that is not limited by boundaries between companies, the companies 
can use the ERP system to coordinate the flow of products and materials between 
companies within the supply chain. This will lead to a visible and transparent supply 
chain where companies can adjust the production and inventory levels more 
accurately, since each company knows exactly the size and time of delivery of the 
next shipment.   

3.3.2 Automatic Identification and Data Capture, AIDC 

AIDC (Automatic Identification and Data Capture) can be defined as identification 
and/or direct collection of data into a microprocessor controlled device such as a 
computer system or a programmable logic controller, without the use of a keyboard37. 
AIDC has its origin in the automation that started in the manufacturing industry. 
Automation in general can be defined as a technology that through mechanical, 
electronic or computerized systems can add value without, or with limited, human 
involvement. Automation can thus be described as a way of replacing work done by 
humans with some kind of automated system.38 
 

                                                
35 http://www.cio.com/research/erp/edit/erpbasics.html  
36 Schary, P. & Skjøtt-Larsen, T. (2001) 
37 https://www.aimglobal.org/technologies/ 
38 Mattsson, S. (2002), Logistik i försörjningskedjor. Lund: Studentlitteratur AB ISBN: 91-44-01929-7 
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Automation was first used in production processes as a means of minimizing the 
production time for each unit, guaranteeing the quality of the finished product and/or 
eliminating tasks that could be harmful to humans. The possibility to avoid human 
errors and shorten lead-times has made automation interesting to use also in processes 
that are not directly related to production of goods. Handling of information and data 
capture is one example of such an area where automation is being used extensively 
today. 
 
Manual handling of information and data of a repetitive nature, for instance 
registration of product codes, is a time consuming and error prone activity, and is 
thereby an area that can be significantly improved through automation. The most 
commonly used method for automatic identification and data capture, AIDC, today is 
the barcode. A study showed that manual registration of 3 million characters caused 
10 000 errors while the use of barcodes limited the number of errors to 3939. Other 
methods for AIDC include, but are not limited to40: 
 

• Biometric identification (fingerprints, retinal scan, hand geometry etc) 
• Voice recognition 
• Optical Character Recognition (OCR) 
• Card technologies (magnetic stripe, smart cards, optical cards) 
• Machine vision 
• Radio Frequency Identification, RFID 

 
In this thesis the focus will be on RFID. Most of the above-mentioned technologies 
for AIDC have a narrow field of application, and limited use within the area of supply 
chain management. Barcodes will also be discussed since it is the most widespread 
technology for AIDC and since barcodes and RFID often can be used in the same 
kind of applications.  

3.3.3 The Barcode Technology  

A barcode system and an RFID system have almost the same components: a barcode 
label, a reader, a printer and a host. The technology is different though; in RFID a 
radio signal is used to transfer information compared to light in a barcode 
environment. 
 
The barcode is the most common type of Auto ID systems. The barcode consists of 
different types of parallel adjacent bars and spaces printed in a standardized system. 
Barcodes can be thought of as a printed type of the Morse code with narrow bars (and 
spaces) representing dots, and wide bars representing dashes41.   
 
There is today a wide range of different types of barcode encoding schemes each of 
which was originally developed for a specific need in a specific industry. Several of 
these schemes have grown into de-facto standards that are today widely spread 
throughout most industries. The two most common standards in use today are EAN 
and UPC; EAN, see  

                                                
39 Lumsden, K, (1990) Identifieringssystem för industri och handel, Studentlitteratur, Lund ISBN: 91-
44-30641-05 
40 https://www.aimglobal.org/technologies/othertechnologies/ 
41 http://www.taltech.com/resources/intro_to_bc/bcbascs.htm 
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Figure 3.5, is the European standard and UPC is the American standard. Most 
commercially available barcode scanners are able to read all of the different types of 
barcode schemes.  
 
 
 
 
 
 
 

 

Figure 3.5: One-dimensional barcode EAN 13
42

 

 
New two-dimensional barcode schemes like Data Matrix, Figure 3.7, and PDF 417, 
Figure 3.6, are also now available on the market. The Data Matrix and PDF system 
can encode several thousand bytes of data in a single barcode, including text or binary 
data. Another advantage, except for the increased data capacity, of Data Matrix and 
PDF compared to one-dimensional barcodes is redundancy, a one-dimensional 
barcode is not readable if any of the bars has been damaged. The two-dimensional 
barcodes can be constructed to be capable to handle damaged bars. The two-
dimensional barcode systems require special barcode readers. 
 
 
 
 
 
 
 

  Figure 3.6: PDF 41743 Figure 3.7: Data Matrix44 

Barcode scanners 

Traditional scanners for one-dimensional barcodes work with contrast; a bright 
surface reflects a lot of light while a dark surface absorbs most of the light. The data 
signal is constructed by placing dark bars and bright spaces parallel to each other. The 
dark surfaces represent a 1 and the bright spaces represent a 0. The scanner sweeps 
over the barcode and registers the code and translates it into a text file45. 
 
A CCD scanner for two-dimensional barcodes is basically a “snap shot” camera. The 
CCD scanner floods the moving code with light and takes a picture of it. The image is 
then transferred from the sensing area to a storage area in a computer linked to the 
scanner. The data that has been read can then be accessed from the area. The resulting 
image is processed, and any matrix codes in the image are decoded46. 

                                                
42 Per Daleby, Stralfors BA Labels 
43 Ibid 
44 Ibid 
45 Automatisk Identifiering Data Logic DL 
46 Microscan Systems, Inc; Emerging Trends in Auto ID Symbologies and Data Matrix Readers 
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3.3.4 Barcodes in the Pharmaceutical and Automotive industries 

Barcodes in the pharmaceutical industry 

The pharmaceutical industry is today using one-dimensional barcodes as well as the 
Data Matrix system. One of the biggest advantages with Data Matrix is that the 
symbol is one of the most space-efficient codes available on the market today. This is 
especially important for placement on small pharmaceutical or medical products. In 
an area of 4 x 4 mm the Data Matrix can include data such as the National Drug Code 
(NDC), lot number and expiry date. Data Matrix is constructed with a Reed-Solomon 
error correction that improves the redundancy, speed and accuracy of reads. The 
redundancy allows the Data Matrix labels to be read even when sections of the code 
are missing47. Another reason that the pharmaceutical industry has chosen Data 
Matrix is that it can be applied to a wide variety of flat and curved surfaces and that it 
can be read regardless of orientation48.  

Barcodes in the automotive industry 

The automotive industry in Europe is today using barcodes complying with the Odette 
system. The Odette organization is an organization formed by the automotive industry 
for the automotive industry. It sets the standards for e-business communications, 
engineering data exchange and logistics management. One of these standards is the 
Odette label. The purpose of the Odette label is to identify the freight that is 
transported between different companies within the supply chain. The Odette label 
contains a barcode (Code 39) that is used to identify the cargo and link the cargo to a 
DESADV-message (Despatch Advice message, an electronic document that serves as 
a notification of despatch)49. 

3.3.5 Electronic Data Interchange, EDI 

EDI is a way for companies to exchange business documents automatically and 
electronically in a standardized way, so that computers could process the documents 
without people typing them into their systems. The capability of EDI to send and 
receive business documents into company’s information system without human effort 
and errors have made EDI a very interesting information technology for integrating 
supply chains50. Figure 3.8 illustrates the structure of an EDI system.  

                                                
47 http://www.devicelink.com/pmpn/archive/04/02/026.html  
48 Microscan Systems, Inc; Emerging Trends in Auto ID Symbologies and Data Matrix Readers 
49 Information received from Sten Lindgren Odette Sweden 2004-12-07 
50 http://www.sterlingcommerce.com/resourcecenter/edi.html  
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Buyer 

The buyer ERP system automatically 
generates an purchasing order 

The ERP system is linked to an 
EDI-converter that creates an 
standardized Edifact-order, that 
is interpeted by the EDI 
system. 

The EDI software 
connects the 
companies’ ERP 
systems so that they 
can communicate 
directly with each other, 
with minimum human 
intervention. 

At the supplier the EDI order is 
converted to a format that the 
supplier’s ERP system can 
interpret. 

Supplier 

ERP 

ERP 

Figure 3.8: Structure of an EDI system
51

 

 
As mentioned above, EDI is an electronic way of sending and receiving standardized 
business information between companies directly from computer to computer. To 
make EDI work, all of the participating companies have to agree on a standard 
definition of what format to use when transmitting the data. 
 
EDI generally utilizes a value-added network (VAN) to carry EDI messages to ensure 
connectivity between companies. Up on till now it has mainly been major companies 
that have been using the VAN application, small companies that consider the VAN 
application to expensive have been using a Web solution based on XML (eXtensible 
Markup Language) code. One outcome of EDI was development of standardized 
messages, based on common standards such as ANSI X.12 (American National 
Standard Institute) for the U.S. and EDIFACT in international use. These messages 
include:52 
 

• Consignment note 
• Bills of landing 
• Purchase orders 
• Invoices 
• Warehouse shipping orders 
• Warehouse inventory status report 
• Motor carrier shipping documents 

 

                                                
51 Own illustration based on information received from S. Chagan  
52 Schary, P. & Skjøtt-Larsen, T. (2001) 
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4 RADIO FREQUENCY IDENTIFICATION, RFID 
In this chapter the technology used in RFID and barcode systems will be discussed 

and explained. Organizations influencing the standardization of the RFID technology 

and the current status of the standardization process will also be presented.  

  
RFID is a technology that allows for transferring data between a tag and a reader 
without necessity of line of sight and over a distance of up to 10 meters depending on 
the type of tag used. Multiple tags can be read or written to virtually simultaneously. 
The information is being transferred, as the acronym indicates, via radio waves. The 
reader receives the power needed to transmit radio waves either from batteries or the 
power grid while the tag is powered either by batteries (called an active tag) or 
through the energy generated by the reader (passive tag). In the latter case the read 
range will be considerably shorter than the 10 meters mentioned above due to the 
lower power generated by a passive tag.  
 
The first use of a technology that resembles the RFID of today dates back to World 
War II when transponders (tags) were put on airplanes and used to identify an 
approaching plane. Interrogators (readers) sent a signal to the transponder on the 
plane and the signal that is sent back could be used to distinguish between friendly 
and hostile aircraft. 53 
 
Other active systems have been in use for decades, but RFID has not been widely 
known and discussed for more than a few years. The reason for the current buzz 
around RFID is that the technological development now has reached a point where the 
performance and price-level of the tags have sparked interest for using RFID in new 
applications, most notably in supply chain management. The retailer giant Wal-Mart 
has publicly declared its intention to demand RFID-tagged pallets and cases from its 
suppliers, and started the process of phasing in RFID in selected distribution centers 
in Texas in January 200554. Other large retailers like Tesco and Metro have followed 
suit and are also considering launching RFID on a larger scale as a means of 
improving efficiency in the supply chain and diminishing out-of-stock problems.  
 
An RFID system consists of four main components: a tag, a reader, a printer and a 
host. Figure 4.1 below depicts the different entities that the data typically passes in an 
RFID system. The reader captures the data that has been stored in the tag and then 
sends the information to the host that passes the data on to the middleware where the 
data is filtered and translated to a form that can be understood by the ERP system. 
This chapter will also describe the characteristics of the middleware needed to 
communicate between the host and the enterprise resource planning systems (ERP).   

                                                
53 Shepard, S. (2004), RFID: radio frequency identification. New York: McGraw-Hill 
ISBN: 0-07-144299-5 
54 http://www.computerworld.com/mobiletopics/mobile/technology/story/0,10801,92806,00.html  
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Figure 4.1: The components of an RFID system 

 
The goods and information flow between two companies that have implemented 
RFID is described in Figure 4.2. This is an example of an open system, i.e. a system 
where the RFID tags attached on pallets or cases are discarded when the cases or 
pallets have been emptied. The tag is thus linked to the goods rather than their 
container. The tag is embedded in a label, forming a so-called smart label. This smart 
label can be used as a normal label allowing information about the goods to be printed 
on it for visual and manual recognition. The RFID tag can for instance contain a 
unique identification number representing the contents of the pallet or case, thereby 
replacing the barcode traditionally used for this purpose. Redundancy can be 
achieved, necessary in case the tag malfunctions or if a company not using RFID will 
be receiving the goods, by printing a corresponding barcode on the label. The figure 
also details what kind of equipment each company will need for the RFID system. 

Tag 

Reader 

Host 
Middleware 

ERP system 
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Figure 4.2: Information and Goods flow in an RFID system 

 

Flow of goods and information 

1) Order 
2) Order confirmation  
3) Electronic consignment note 
4) Goods  
5) Automatic reading, comparison of the unique identification number and the 

electronic consignment note. 

Equipment needed  

A 

− Printer 
− Smart labels 
− Reader 
− Middleware to register the outgoing goods in the ERP-software. 
− EDI/XML compatible software that sends the electronic consignment note. 

 

B 

− Reader 
− Middleware to register the incoming goods in the ERP-software. 
− EDI/XML compatible software that receives the electronic consignment note.  

 
  

4 
5 

 A  B 
2 

1 
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4.1 RFID tags 
RFID tags come in a variety of forms and are often application specific55. RFID tags 
must have two basic components: a computer chip and an antenna.56 The tags are 
either passive or active, a classification based on the source of the energy needed to 
power the computer chip and the antenna of the tag. Passive tags are often integrated 
in an adhesive label while a sturdier encapsulation usually is chosen for active tags. 
Figure 4.3 shows two smart labels and an encapsulated tag. 
 

 

 
 

 

Figure 4.3: Different types of tags
57

 

4.1.1 Active versus passive tags 

The passive tags have no dedicated power source. The passive tag’s antenna is used 
for both two-way wireless communication and to capture power from the energy in 
the radio frequency signal emitted by the reader58. The passive tags have shorter read 
range and require a higher-powered reader than active tags.59 The limited operation 
distance of the passive tags can be an advantage as well as a disadvantage. The 
disadvantage is evident, a shorter read range means that the range of operation for one 
reader decreases. The objects that are to be read thereby either have to be brought 
closer to the reader, or additional readers need to be installed. The advantage of a 
limited read range is that a tag can be prevented from being inadvertently activated by 
a read that is not supposed to read the tag in question60. Since the passive tags do not 
have internal batteries, the passive tags can be made quite small and thin enough to be 
integrated in a label, thus creating what is known as a smart label. 
 
Active tags, on the other hand, have their own power source, a battery, to transmit the 
data and to provide power for the computer chip. The internal power source can be 
used to transmit a stronger signal than what is possible for passive tags, and 
consequently a longer read range can be achieved. The lifetime of a battery used in an 
active tag can be up to 7 years depending on how often the tag is transmitting its 
stored information61. Compared to the typical read range of passive tags of 1 to 3 
meters, some active tags can be read from an impressive distance of up to one 
hundred meters. The active tags are, due to the internal battery, significantly larger 
than their passive counterparts and therefore lend themselves to a different set of 
applications62. The active tags are for example often used for tracing items in a 
warehouse. With fixed positioned readers the system with active tags can generate a 
                                                
55 Shepard, S. (2004) 
56 Intermec Technologies; Supply chain RFID: How it works and why it pays  
57 Sunesson, B. PMS Identcode AB RFID Conference literature 
58 AIM RFID Proposed Guidelines for the Use of RFID-Enabled Labels in Military Logistics  
59 Savi Technology; Learn About RFID 
60 Shepard, S. (2004) 
61 www.baumer.se 
62 Shepard, S. (2004) 
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three-dimensional image of the warehouse. This can be used for allocating every item 
tagged with an active tag within the warehouse by measuring the time it takes for a 
signal to reach different readers, much in the same fashion that the GPS-system 
works. A system providing real time information about inventory levels can be 
constructed with passive tags as well, but the number of readers needed due to the low 
reading range would in most cases make this solution economically unfeasible. 
 
The higher number of components needed for an active tag make them more 
expensive than passive tags. In closed loop systems, where tags are attached to assets 
in a circulating flow, for instance containers or racks, the cost of the individual tag 
becomes less important since they are used multiple times. This is not the case for an 
open system, where the tags only are being used once. A supply chain application 
where tags are attached to cases or products is a typical example of an open system. 
Here the price of the individual tag is crucial to the overall economy of the system. 
Passive tags constitute the only possible alternative in this scenario. 
 
Except for passive and active tags there is also a category of tags that has 
characteristics from both groups, and therefore are called semi-active tags. The semi-
active tags use a battery to power the microchips circuitry, but do not use the energy 
provided by the battery to communicate with the reader. Since, all of the power 
transmitted by the reader can be used by the tag for its own transmission of data, the 
read range increases compared to a passive tag.63  

4.1.2 Operating frequency 

The frequency used for the communication between reader and tag is one of the 
leading factors, besides the choice between active and passive tags, affecting the read 
range for an RFID system. In addition to influencing the read range, the choice of 
frequency also has an effect on the data transfer rate that can be achieved between tag 
and reader. Frequency is furthermore influencing the sensitivity to metals and fluids 
as well as the possible selection of sizes and shapes for the tags. Each of the 
frequency ranges thus becomes more or less suitable to certain applications64. The 
four main frequency ranges used for RFID applications today are: low frequency, high 

frequency, ultra high frequency and microwave frequency.  
 
Passive low and high frequency tags differ from ultra high and microwave tags in the 
way that they are powered and how they transmit data to the reader antenna. Low and 
high frequency tags use magnetic induction possible through near field coupling to 
obtain power from the reader’s signal. The magnetic field strength generated by the 
reader diminishes rapidly with increasing distance from the source of the field. After a 
certain distance, which is decreasing with increasing frequency, the near field 
properties are dominated by the electric far field.  
 
For high frequency tags the boundary lies at a distance of 3.6 meters, but in the ultra 
high frequency range the area of near field domination is limited to a few centimeters. 
Ultra high and microwave frequency tags thereby have to communicate with the 
reader using the far field.65 In this case the tag transfers the data stored by reflecting a 

                                                
63 http://www.cougaarsoftware.com/Knowledge_Center/aboutRFID.shtml 
64 Shepard, S. (2004) 
65 http://www.rafsec.com/rfidsystems.pdf 
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modulated version of the readers signal. The different principles used for 
communication account for some of the differences in performance and characteristics 
that can be found when comparing systems based on ultra high frequency tags 
compared to systems using high frequency tags. The read ranges stated below all 
apply only to passive tags. 
 
Low frequency tags (125 - 134 KHz) have a short read range, with the upper limit 
typically not exceeding 50 centimeters66. Due to the low data transfer rate these tags 
are not well suited for applications where many tags have to be read in a short period 
of time. 
 
Low frequency tags can transmit through elements such as water, wood and 
aluminum, but in environments with metals such as iron and steel the transfer rate 
decrease noticeably. These properties of low frequency tags make them suitable for 
implementation in animals and humans. Low frequency tags are today used for 
instance to identify livestock67.  
 
High frequency tags (13.56 MHz) are stated to have a typical read range of about 1 
meter. The data transfer rate is higher than for low frequency tags, and provided that 
only a unique identification number is stored on the tag and that an efficient anti-
collision protocol is used, up to 100 tags can be read per second68.  
 
High frequency tags work well in environments containing fluids. The high frequency 
tags are less sensitive to metals and sources of electronic noise than ultra high 
frequency tags, but it is still not possible to attach a tag directly on metal-based 
products. Accurate reading results can be achieved by using a 1-inch standoff between 
the metal-based product and the tag. This can for example be accomplished through 
placing the tag on the packaging box.69  
 
RFID systems operating in the low frequency and the high frequency band are in 
general less expensive than ultra high frequency systems. Low and high frequency 
systems are further developed than ultra high frequency systems. One of the 
advantages for high frequency tags compared with ultra high frequency tags is that the 
technology has been in use for a longer period of time and thus is further tested and 
standardized. Typical applications for high frequency tags are smart cards, baggage 
control at airports, book tagging at libraries70 etc.  
 
Ultra high frequency tags (860 - 950 MHz) have the ability to be read at longer 
distances compared to high frequency tags since they are working in the far field 
region of the electromagnetic field. In an industrial setting the maximum read range 
could be about 3-5 meters. Due to the higher operating frequency the transfer rate is 
higher for these tags compared to high frequency tags. Under the same conditions as 
described above for the high frequency tags, up to 200 ultra high frequency tags can 
be read per second. A disadvantage with ultra high frequency tags is that they are very 

                                                
66 Laran RFID White paper A basic introduction to RFID technology and its use in the supply chain  
67 Shepard, S. (2004) 
68 http://www.aitechnology.com/avantetech/Comments%20on%20RFID%20Data.PDF 
69 Ibid 
70 Laran RFID White paper A basic introduction to RFID technology and its use in the supply chain  
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sensitive to the presence of water and may not work properly if attached to a material 
with a high content of water. The ultra high signal is therefore unable to penetrate 
wood or other living material. Tagging metallic compounds is a problem also for ultra 
high frequency tags. In order to work properly a 2-inch standoff between the tag and 
the metal-based product is needed.71  
 
Another problem with ultra high frequency tags is the lack of global standardization 
of the frequency. In the U.S. the ultra high frequency tags are operating in 915 MHz 
but this frequency is not possible to use for RFID in Europe since the GSM network is 
occupying this frequency. The ultra high system can still operate globally since it’s 
possible to construct the tags so that they can function in a broader frequency range, 
for instance between 868 and 950 MHz. Which frequency the transmission should 
occupy is controlled by the reader, a Japanese reader is for instance using 950 MHz72. 
Even though a tag that has been optimized for the American frequency range also can 
be read in other parts of the world, the performance of the tag will be adversely 
affected. A U.S. tag might thereby not be able to be read from the same distance in 
Europe as a tag that has been optimized for the European frequency of 869 MHz.  
 
It is also important to consider that the performance for a tag is different in the U.S. 
than in Europe, even if both tags have been optimized for their respective markets. 
This can be attributed to differences in restrictions for the maximum output power 
allowed for the readers. The U.S. legislation is more lenient and currently accepts the 
readers to use an output power almost five times as high as what is allowed in Europe. 
This gives the tags operating in the U.S. a longer read range compared to tags 
operating in Europe. A new standard permitting a higher power level in Europe has 
however been developed. Once the new standard takes effect the maximum power 
allowed in Europe will be equivalent to 80 % of the upper U.S. power limit. One 
problem with the new standard is that the data transfer rate will decrease to 30 % of 
what was possible to achieve with the old standard and what is currently possible in 
for instance the U.S. 73 (Please refer to chapter 4.7 for more information about the 
standardization process). 
 
The ultra high frequency tags are used today in the U.S. for a highway toll-collection 
application74. The application that is attracting most attention is however Wal-Mart’s 
project of tagging pallets and cases arriving to three of their distribution centers in 
Texas. As of January 1st 2005 the top 100 suppliers are mandated to tag all the goods 
they are delivering to these particular distribution centers.75  
 
Microwave frequency tags (2.45 GHz) have in a typical environment a read range of 
about 1 meter. Microwave frequency tags have similar characteristics as ultra high 
frequency tags, but a faster read rate can be achieved. The drawback compared to tags 
using a lower frequency is that the microwave frequency tags are much more 
susceptible to performance degradations from metals and fluids76. Semi-active 
microwave frequency tags are used today in a pilot project at Saab Automobile in 
                                                
71 http://www.aitechnology.com/avantetech/Comments%20on%20RFID%20Data.PDF 
72 Tobjörn Sporre, Intermec Technologies AB, Personal Interview  
73 http://www.rfidjournal.com/article/articleview/1229/1/1/ 
74 Shepard, S. (2004)  
75 http://www.findarticles.com/p/articles/mi_m0EIN/is_2004_Nov_17/ai_n6365949 
76 http://www.findarticles.com/p/articles/mi_m0EIN/is_2004_Nov_17/ai_n6365949 
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Trollhättan, Sweden. Saab uses the microwave tags in a closed loop supply chain 
application77.  

4.1.3 Other factors influencing performance 

The read ranges stated above are representing figures that are frequently occurring in 
white papers and articles on RFID. It can however be difficult, and in some cases 
even misleading, to assign a certain type of tag a specific read range. The reason that 
it is problematic to claim, with certainty, that a tag can be read at a particular distance 
is that there are an abundance of factors influencing the read range. Besides the 
frequency and reader output power, factors like the size and shape of the tag, the 
angle between the reader and the plane of the tag and environmental aspects influence 
the read range. 
 
Especially ultra high frequency tags are vulnerable to high humidity. Even though the 
read range for high frequency tags can drop 10-25 % when humidity increases from 
50 % to 100 %, the read range for an ultra high frequency tag decreases so much that 
the high frequency tag will be able to be read from a greater distance than the ultra 
high frequency tag78. Ultra high frequency and high frequency tags are also sensitive 
to an environment containing metals, for instance a warehouse with metallic storage 
racks for pallets, and to electromagnetic noise that could be created by electrical 
engines or unshielded cables79. 

4.1.4 Memory 

A tag can have either a read only (ROM), a write once/read many (WORM) or a 
read/write (R/W) memory. Read only (ROM) tags are programmed at the 
manufacturer of the tags. The encoded data cannot be altered during the tags’ lifetime, 
and the tag can in that aspect be compared with a barcode. The data stored on the tag 
is often a unique identification number. Write once/read many (WORM) tags enable 
users to encode tags at the first instance of use, but once data has been stored on the 
tag its memory cannot be altered a second time80. Read/write (R/W) tags have the 
ability to be rewritten over time and the data in the tag can be updated an unlimited 
number of times81.  
 
The size of the tag’s memory can vary from 96 bits to around 32 Kbits. Tags with a 
memory as small as 96 bits can only accommodate an identification number to be 
stored while a larger memory also allows the storage of, for example, information 
about date of expiration or other product specifications. A tag with a large data 
capacity can be used in a wide range of applications and allow for decentralized data 
storage where all the necessary information is stored directly on the tag instead of 
using an identification number to acquire the information through a database. The 
disadvantage with a large memory chip is that it increases the cost of the tag and that 
the time it takes to read each tag becomes longer when more information has to be 
transferred. The latter problem means that fewer tags can be read per time unit, and 
the speed that tagged items can move through a reading area thus decreases.  

                                                
77 Baumer Ident; Case study Auto-ID application in Saab Automobile 
78 http://www.aitechnology.com/avantetech/Comments%20on%20RFID%20Data.PDF 
79 http://www.ti.com/tiris/docs/customerService/faq.shtml#Tone 
80 IDTechEx; Read only, read/write and WORM tags definitions 
81 Intermec Technologies; Understanding the Value of Read/Write RFID functionality 
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4.2 RFID readers  
RFID readers can appear in varied forms and frequency. The design of the reader 
depends on the application that the reader was constructed for. A reader constructed 
for a warehouse has a different shape than a reader constructed for handheld scanning. 
The frequency of the reader must be the same as the frequency for the tag it will read.  
 
The RFID reader below (Figure 4.4) is constructed for warehouse applications; the 
forklift operator drives the forklift in between the two reader antennas. This 
application requires high output power so that the reader can trace and read the tags. 
 
 

 

 

 

 

Figure 4.4: RFID reader designed for warehouse applications
82

 

 
The RFID readers in Figure 4.5 are constructed for handheld scanning. These readers 
are used for manual intervention where a tag may need to be checked, or even updated 
off line. Due to their construction and the need for a decently long battery lifetime the 
output power for the handheld readers is smaller than for the fixed readers. As a 
consequence of this the read range is also shortened. Handheld readers in the high 
frequency band do exist today. Handheld readers for commercial use in the ultra high 
frequency band are under development. 

 

 

 

 

 

Figure 4.5: Handheld RFID readers
83

 

4.3 RFID label printers 
An RFID tag can be programmed in many different ways. It is becoming increasingly 
popular to program tags embedded in tags with a smart label printer, showed in Figure 
4.6. These printers print the barcode simultaneously as it programs the tag embedded 
in the label84. The printer has a built-in ultra high frequency or high frequency reader, 
capable of first running a basic functionality check on the tag. Tags will need to have 
the correct reel format for specific printers. The smart label printer is rather small and 
cheap so every company that is using smart labels is able to print its own smart labels. 
                                                
82 http://www.omron.com/card/ rfid/prod/v720/hs71.html 
83 Sunesson, B. PMS Identcode AB RFID Conference literature  
84 Laran RFID; A basic introduction to RFID technology and its use in the supply chain  
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This gives the company the opportunity to control the information that is programmed 
onto the tag.  
 

 

 

 

 

Figure 4.6: Smart label printer85 

4.4 Middleware 
Being able to handle the tremendous amount of data created by an RFID system is a 
very important factor for a successful RFID solution. Companies have to get an 
understanding of how RFID data can be turned into valuable information that can be 
used to cut costs and drive efficiencies in each company. The key for this information 
control is not in the RFID readers or in the ERP system, but in the middle, more 
precisely, in the middleware. 
 
RFID middleware operates between RFID hardware and current ERP system acting as 
a bridge between them. This software is the primary means of data gathering for any 
RFID deployment. Due to the nature of RFID technology in a fast paced environment, 
data must be captured in an intelligent manner, cleaned and distributed to the 
appropriate locations. RFID middleware has a key role to play in situations where the 
company may need to interface directly with a disparate set of AIDC technologies, 
such as barcode scanners and RFID readers. Conventional middleware is not well 
equipped to handle this range of devices unless all hardware devices and their 
interfaces are programmatically exposed. 

4.5 Open and closed loop systems 
The distinction between open and closed loop systems is important when valuing the 
importance of the tag price for an RFID solution. 
 
Closed loop systems are systems that involve assets that are being reused. A closed 
loop system could involve pallets, crates or boxes that are being returned further back 
in the supply chain after their contents have been emptied. It could also be constituted 
of racks or palettes used to convey products in a production process.  
 
Closed loop systems allow RFID tags attached on the assets to be used multiple times 
which diminishes the importance of the tag price.  
 
In an open system assets are moving through the supply chain without being re-used. 
Groceries moving from producer through distributors and wholesalers to end-users 
form a typical example of an open system. RFID tags attached to these products on an 
article level will be as short-lived as the packages onto which they are attached. 
 
                                                
85 http://accuratedatasystems.com/handheld-scanner-products.htm 
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The number of parties involved in sharing the information generated by an RFID tag 
is important to take into consideration when valuing the need of standards for an 
RFID solution. A closed-loop RFID system typically involves only one company, the 
owner of the assets that are tagged, and that company is thereby able to dictate and 
control all aspects of the system. Tagged racks or fixtures holding products that are 
moving along an assembly line would be one example of such a system. Companies 
co-operating closely and under a long-term agreement could make up slightly larger 
systems that can act in a similar way when implementing a new system. The fact that 
the participating parties are known beforehand and do not change in the short-term 
makes it possible to use a non-standardized system. When more than one company is 
involved it is also of importance that none of the companies are having other 
customers or suppliers using the same system and who therefore will be influenced if 
changes take place. 
 
When the number of participating parties are increasing a steady state of customers 
and suppliers cannot be expected, nor will it be possible for certain companies to 
build a system that cannot be used by their other business partners. Here standards are 
needed.  
 
The implementation of RFID in an open system would typically be intended to 
improve the performance of the entire supply chain through which the product is 
passing. The high number of companies needing to read the same tag creates the need 
for a standardized system. A standardized solution will typically be cheaper than a 
non-standardized one, and since tags in an open system will not be reused price 
minimization is important. 
 
A closed loop system can involve an asset that is being handled by multiple 
companies, but as long as the RFID tag is being used by only one or a limited number 
of companies it is not always necessary to use a standardized system. 

4.6 Costs 
The cost component of an RFID system that has received most attention is the tag 
cost, but this is far from the only expenditure associated with an RFID system. The 
RFID reader and connected reader antennas together with the computing power 
needed to run additional software and make readers communicate with each other 
constitute other examples of hardware cost, while middleware and the integration 
needed to make the middleware function with the ERP system make up the software 
cost. The third cost category is the personnel needed to plan, install and tune the 
system 

4.6.1 Hardware cost 

EPCglobal’s main incentive to create a tag with as little memory as possible was to 
decrease the cost of the tag. The target price was five cents per tag, which was 
considered to be the maximum cost that could be allowed if ubiquitous item level 
tagging was to occur86. Although the tags consistently are becoming cheaper, they are 
still far away from the target of five cents. Stralfors BA Labels have sold smart labels 

                                                
86 http://www.rfidjournal.com/article/articleview/146/1/2/ 



Radio Frequency Identification, RFID    

37 

for around 10 SEK a piece87 for lower volumes, while price statements for higher 
volumes range from 20 cent to 50 cent depending on source and exact quantity 
involved. It is obvious that this price level does not permit individual tagging of low-
price products. 
 
Active tags are typically much more expensive than smart labels because of the 
encapsulation and internal power supply. A larger memory size that causes a higher 
price is also often included. Since active tags normally are intended to be attached to 
reusable assets and the tag’s lifetime can be up to seven years the unit price is not as 
important for these tags that are intended to be used in a closed loop system compared 
to tags for an open system. 
 
Prices for readers and reader antennas can range from USD 200 for a PDA application 
up to USD 13 000 for a dock door application. 

4.6.2 Software cost 

Sun Microsystems estimate the software costs to constitute 73 % of the total cost for 
the implementation of an RFID system (compared to 24 % for personnel and 3 % for 
tags)88. It will obviously not always amount to this figure since the software costs will 
be individual for each implementation and depend on what type of middleware that 
will be used and how difficult the integration process will be, but Sun’s example 
indicates that the software costs should not be neglected. It should also be noted that 
the 3 % mentioned for the hardware costs is for the implementation and does not 
include the operative costs caused by tag consumption in an open system. 

4.6.3 Personnel cost 

An RFID system is not a plug and play component that can be bought off the shelf, 
connected to a company’s computer systems and then expected to work perfectly at 
once. Planning, configuring and fine-tuning an RFID system can be a long and costly 
process. Since there are so many variables affecting the performance of a tag’s 
communication with the readers it is also difficult to predict how many man-hours 
that will be needed.  

4.7 Standards affecting RFID 
For RFID to be used in supply chain applications global standards are vital. Without 
an accepted standard companies will be reluctant to invest in a technology that might 
not be compatible with systems used in other countries or even with other companies 
within the same country.  
 
A standard can be established in a few different ways. It can be mandated by 
standardization organizations such as ISO, or large companies can through their size 
create de facto standards since smaller competitors, customers and suppliers have no 
choice but producing products that are compatible with those from the leading 
company. 
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Since HF and UHF tags are predicted to be the kinds most frequently used in supply 
chain operations, these are the tags for which standardization is most of an issue. 
 
The standardization process for RFID is mainly driven by ISO/IEC and EPCglobal, 
but Asian collaboration to form a common standard might influence global use of 
RFID.89 

4.7.1 ISO/IEC 

ISO (the International Organization for Standardizations) is working together with 
IEC (the Electrotechnical Commission) to create standards for RFID. ISO is a non-
governmental organization consisting of the national standards institutes of 146 
countries.90 IEC has a similar structure since its members are national standards 
committees, but while ISO covers a wide array of technical fields IEC embraces 
electrotechnologies such as electronics, magnetics and energy production.91  

4.7.2 EPCglobal 

EPCglobal is a joint venture between EAN International and UCC and has developed 
the EPCglobal Network that is a set of technologies aiming at enabling immediate, 
automatic identification and sharing of information on items in the supply chain. The 
EPCglobal Network can be divided into five fundamental elements: the EPC 
(Electronic Product Code), the ID System (EPC RFID tags and readers), ONS (Object 
Name Service), PML (Physical Markup Language) and middleware. EPCglobal has 
created a number of action groups focusing on developing standards for the different 
aspects of the network. Any company interested in influencing the standardization 
process can join one or several of these action groups. Through this process 
EPCglobal wants to ensure that standards that will suit the industry will be formed. 92 
 
The incentive behind the development of the EPCglobal Network was to find a way to 
decrease the costs associated with producing RFID tags. Auto-ID Center, the 
predecessor to EPCglobal, sought to reduce the price of a tag by storing as little 
information as possible on the tag and thereby minimizing the need to include 
memory chips on the tags. This was achieved by the construction of the EPCglobal 
Network, where the only information stored on the tag is the EPC, a number that 
uniquely identifies objects in the supply chain. The EPC is then linked to information 
about the specific item through the ONS, which works much like the DNS on the 
Internet, that tells the computer system where the information can be found. In order 
to access this information a company needs to subscribe to this service through 
EPCglobal.93 

4.7.3 ISO/IEC compared to EPCglobal 

ISO/IEC is focusing on developing standards for the air interface protocol, i.e. 
specifications of how the reader is supposed to interact with the tag. EPCglobal is also 
looking at the air interface protocol (i.e. the ID System in the EPCglobal Network), 
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but the organization is developing standards for the other components of the 
EPCglobal Network as well.  
 
ISO/IEC has published standards for both HF (ISO 18000-3) and UHF (ISO 18000-
6A/B) tags as well as for tags used in a number of specific applications (e.g. tag for 
animal tracking and identification in ISO 11784/85). ISO is expected to develop a 
new standard, ISO 18000-6C, for UHF tags that will eclipse ISO 8000-6A/B. 
 
EPCglobal has covered HF and UHF tags as well as the other parts of the EPCglobal 
Network in the first version of its standard. A generation two of the standard, often 
referred to as only Gen 2, has been developed since the initial version proved to be in 
need of improvements. Generation two comprises ultra high frequency tags and was 
ratified on the 16th of December 200494. EPCglobal claims that the new standard is 
royalty free, but Intermec insists that any products made in accordance with Gen 2 
will be infringing on their intellectual property95. Generation two tags will not be 
backwards compatible with readers and tags complying with the first standard and this 
technology will thus become obsolete.  
 
Compatibility between EPCglobal’s generation 2 standards and the ISO 18000-6C 
may prove to be essential. Thomas A. Polizzi argues that the full benefits of RFID 
will not be obtained without a global standard, and that the case of conflicting Gen 2 
and ISO standards could delay that global standard by five years.96 Although 
equipment made according to version 1 of EPCglobal’s specifications are not 
compatible with tags and readers complying with ISO 18000-6A/B, Daniel Engels 
claims that ISO 18000-6C will be based on the generation 2 standard97. EPCglobal 
has suggested a solution involving an extra identification bit to a problem concerning 
eight bits used to different carry different information in the EPC Gen 2 compared to 
ISO specifications. ISO has, as a consequence, agreed to consider Gen 2 for approval 
under ISO 18000-6C. A decision is not expected to be made until early next year.98 
 
China, South Korea and Japan have had discussions aiming at the creation of a 
common standard for RFID. This standard might not be compatible with either EPC 
or ISO standards. Since Asian companies are producing a lot of goods that are being 
exported to the U.S. and Europe a proprietary standard in these three countries is 
likely to affect RFID implementation outside Asia.99 A consortium of Japanese 
companies has created a proposal of their own that they have submitted to ISO in 
order to have it accepted as an ISO standard. The Japanese proposal, called Hibiki, 
does not differ greatly from the EPCglobal’s Gen 2, but is still claimed to be able to 
decrease the chip size significantly. ISO members consider it extremely unlikely that 
the Hibiki proposal will force EPCglobal to modify its standard, but the occurrence of 
an alternative standard could delay the process of turning Gen 2 into an accepted ISO 
standard.100 
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4.7.4 ETSI and power regulations 

Performance of RFID equipment is dependent not only on air interface protocols and 
data communication standards, but also on the power level readers are allowed to emit 
and the bandwidth available. The FCC (Federal Communications Commission) in the 
U.S. allows RFID readers that emit 4 watts EIRP in a band from 902 to 928 MHz 
while the regulatory body in Europe, ETSI (European Telecommunications Standards 
Institute) so far is allowing no more than 0.5 watt ERP101 in a narrow band from 869.4 
to 869.65 MHz. ETSI has however developed a new standard, EN 302 208, that will 
allow readers to transmit a power of 2 watt ERP and over a wider spectrum of 
frequencies. In order for the new standard to come fully into effect is has to be 
published in the Official Journal of the European Union.102 
 
The possible spectrum available for UHF RFID use in Europe is limited since most 
frequencies in this range already are allocated to other uses. ETSI still claims that the 
new standard will meet the needs of most end users and that a guarantee for that is 
that industry has been participating in the standardization process.103 Hendrik van 
Eeden of iPico Identification does not agree that the new standard will be sufficient 
for effective use in logistics104 and Mark Roberti brings attention to the data transfer 
rate, which might only be 30 % of the rate in the U.S.105.  

4.8 Properties of RFID Compared to Barcodes 
Based on the properties of barcode systems and RFID that have been described in this 
and the previous chapter, the following main differences have been identified. 

4.8.1 Line-of-sight 

Since RFID tags are using radio waves as a means of data transfer it is not necessary 
for the reader to have visual contact with every tag. It is thereby possible to read 
tagged packages passing a reader in random orientation where one package might be 
in between another and the reader. An RFID tag can also be placed on the inside of 
the product package or on the product itself. If the package material itself or its 
contents contain metals or products with a high content of water it might however not 
be possible to achieve a 100 % read rate due to the deflection and absorption of radio 
waves that these materials cause. 
 
A barcode scanner uses light to obtain and decode the information stored on a barcode 
label. This means that a straight line-of-sight without any obstacles needs to exist 
between the scanner and the label.  

4.8.2 Read range 

The maximum read range for barcodes is typically below 50 cm, while RFID tags can 
be read at distances of around 3 meters. This difference in read range increases the 
flexibility of an RFID solution compared to a barcode-based system and is a pre-
requisite for installation of RFID readers in goods reception gates. 
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4.8.3 Reading of multiple objects at once 

Even though multiple RFID tags are within the read range of a reader at the same 
time, anti-collision protocols can be used to allow the reader to communicate with 
only one tag at the time. Since the time it takes to read one tag, provided that only a 
unique identification number is stored on the tag’s memory, is it the order of a 
hundredth of a second, it will seem as if the tags are being read at once.  Together 
with the ability to read tags without line-of-sight the comparatively long read range 
and the capability to read many tags simultaneously makes it possible to move tagged 
objects through a reading area without organizing the objects. 
 
Although the time it takes to scan a barcode can be as fast as reading an RFID tag, the 
necessity to scan barcodes one by one and the need for line-of-sight means that 
products have to be placed and properly oriented on a conveyor belt in order to be 
able to process as many objects per time unit as with an RFID solution. 
 
For applications where a smaller number of objects are handled the automation 
enabled through RFID has to be compared to the manual scanning of barcodes. 

4.8.4 Modification of stored data 

With a read/write tag it is possible to change, amend or delete the data stored on the 
tag. Since the barcode is printed on a label or directly on a product it is not possible to 
alter the information stored on the barcode. It is of course still possible to change the 
information linked to the number on the barcode. 

4.8.5 Storage capacity 

Through PDF 417 and Data Matrix it is possible to store an amount of information in 
a barcode that is comparable to what can be stored in an RFID tag. One-dimensional 
barcodes have a much more limited storage capacity and the added disadvantage of a 
directly proportional relation between stored information and width of the barcode. 
This means that the barcode need to be twice as wide when the number of characters 
stored is doubled. The increase of the size of the barcode when increasing the 
information stored is not as pronounced for two-dimensional barcodes. A barcode 
label can still not be made small as the smallest RFID tags. 

4.9 Analysis of RFID 
Based on the presented properties of RFID, an implementation of RFID has the 
potential to create advantages in many different stages and processes of the supply 
chain. In this overview of different areas where RFID could improve processes 
potential benefits are first mentioned, followed by a discussion about what the RFID 
technology stand today and what could delay a more widespread implementation. 
  
During the last years, time compression has been a more and more crucial factor in 
most manufacturing companies’ business processes. Product life cycles are getting 
shorter and both industrial customers and distributors frequently demand just-in-time 
deliveries.106 Since time has turned into an order-winning factor it is becoming 
increasingly important to streamline time-consuming processes. Since RFID can 
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increase automation and efficiency in processes it can be used as a valuable tool in 
this effort.  
 
The insensitivity to rough environments of an RFID tag and the ability to read a tag 
even though it might be covered by paint or dirt or be embedded in a product, provide 
certain advantages over barcodes. The RFID technology enables automation in 
processes where a barcode would be destroyed or impossible to use due to the need of 
line-of-sight. An RFID tag can for example be embedded in a door at the initial stage 
of its production and thereafter serve as a source of information on the materials, 
specifications and modifications needed for that particular model. Swedoor, a door 
manufacturer, uses RFID in this way in their production facility in Forserum107. The 
employees will not need to devote as much time for corrective actions since reading 
an RFID tag is less prone to cause errors than scanning a barcode label. 
 
The ability of a supply chain to respond to the fluctuating demand of the market has 
become a way of gaining competitive advantage. The key factor for a flexible supply 
chain is the capability to transfer information between companies within the supply 
chain108. The RFID technology gives the companies the opportunity to construct a 
more transparent supply chain. Implementing an RFID solution to identify and to 
capture information about goods, pallets or containers enables increased flexibility in 
the supply chain. 
 
Integration of RFID technologies into a supply chain can streamline manufacturing 
and production through improved information and automation. Since RFID enables a 
total visibility through the supply chain, it facilitates collaborative forecasting, 
planning and replenishment and just-in-time production.109 

4.9.1 Inventory management 

When companies are trying to protect themselves form possible disruptions to the 
supply chain, the lack of visibility for in-transit material are causing high buffers of 
inventory. Manufacturers have pursued practices such as lean production and Just in 
Time (JIT) to obtain the benefits of reduced inventory in production operations. With 
RFID companies can obtain a higher visibility through the supply chain and they can 
thereby reduce the buffers of inventory110. 
 
By further automating the procedures of receiving or shipping goods and storing or 
retrieving goods from the warehouse a company can better control its inventory. The 
number of human errors can be reduced by eliminating manual counting, double 
scanning or non-scanned products. The reduction of errors is allowing the accuracy of 
the data transferred from the warehouse or distributions center to be significantly 
increased111. 
 
The British retail company Tesco is having their distributor of DVD’s attach high 
frequency RFID tags on every DVD that is sent to two of Tesco’s stores that have 
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been equipped with RFID readers. Since readers are attached onto shelves in the store 
and in the stock room, the staff can automatically see how many DVDs they have of 
each title and easily detect if DVDs are placed on the wrong shelves. According to 
Tesco CIO Colin Cobain, the item-level RFID tagging has improved on-shelf 
availability by 50 %. Tesco is planning to increase the pilot to comprise eight 
additional stores and include video games and CDs as well. During this ramp up the 
company will also switch to ultra high frequency tags.112 
 
A unique identification number on each product will allow it to move more quickly 
through handling and inspection points, as reliance on human labor is decreased. This 
will lead to lower safety-stock inventory levels. The higher product visibility a 
company can get when the product moves through the supply chain, the better 
equipped the company will be to manage the process and deal with the exceptions. A 
reduction in average lead-time with no increase in variability has a one-to-one 
relationship to the safety-stock quantity.  
 
The RFID technology can provide accurate data down to product level, which would 
give the companies the opportunity to control where a specific item is in the supply 
chain. With RFID companies can thus obtain a higher visibility through the supply 
chain and can thereby reduce the buffers of inventory.113 

4.9.2 Labor Productivity 

Labor is traditionally the largest component of a company’s distribution and order 
fulfillment cost114. Many operations and activities still exist that use some form of 
manual data capture, for instance barcode scanning. RFID could provide significant 
improvements in speed and data accuracy in those activities. 
 
The automation generated by RFID will have a major impact on distribution process 
such as check-in of freight and shipping that today involves scanning of barcodes or 
manual registration. The ability to read RFID tags without line-of-sight provides a 
greater degree of flexibility in reading operations. The demand for a specific 
orientation of the goods decreases compared to the case where barcodes have to be 
scanned. A normal procedure for scanning barcodes is that employees have to unload 
and organize the goods before scanning. With the capability of reading many tags 
simultaneously it is possible to make the registration of goods more efficient. A pallet 
with several packages could be registered within a few seconds in comparison to the 
time-consuming barcode system, where every item has to be read individually. This 
procedure can be eliminated with the RFID technology and the use of RFID thereby 
generates shorter lead-time and lower labor cost. 

4.9.3 Asset utilization 

By attaching RFID tags to reusable assets, such as vehicles, containers, racks and 
other load carriers, these will be allowed to be uniquely identified. No extra time 
slowing down the movement of the asset will be needed since the reading operation 
will be automatic as the reusable asset passes check points or detection areas. Each 
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load carrier can thus be monitored throughout the shipment cycle. The company 
operating the assets can more easily maximize the utilization of the assets when 
equipped with more data. It is also possible to control for how long the assets should 
be in use and when they should be replaced. Information about how long and during 
what conditions an asset can be used before a failure occurs can be collected, 
analyzed and used in order to use proactive maintenance as efficiently as possible.   
 
A unique identification number on every container and vehicle, or other reusable 
assets such as totes and trays, would give the company a better control over which 
assets they have available. The company would also be able to determine where in the 
system these assets are being held or lost. By knowing where a missing container last 
was detected it will also be easier to relocate it. Assets that might only be used during 
periods of peak production can be identified, something that would facilitate the 
decision whether these assets should be retained or sold off and replaced by rental 
equipment when necessary. RFID would thus provide a better control and 
considerably reducing the cost. 
 
The utilization of assets is a key driver to the overall effectiveness of a production 
operation. Another area where RFID could be used to improve asset utilization is in 
MRO (maintenance, repair and overhaul). By tagging machines and unique parts that 
are often subject to replacement it can be possible to track engineering revisions of 
that machine and quickly find out when and which parts that have been replaced.115  
 

Quality control: Quality control has always been a top priority among manufacturers. 
RFID tags on inbound and work-in process materials can provide detailed information 
that enables a high level of process control and quality control. JIT and other lean 
manufacturing initiatives lead to smaller batch sizes, which in turn creates a higher 
demand on work stations to be able to quickly switch from one product to another. 
Automatic identification of the specifications of a product can be used to correctly 
adjust machines on an automated basis, thereby reducing mistakes and increasing 
product quality. 

4.9.4  Shortcomings of the RFID technology today 

As demonstrated above the RFID technology has the potential to provide benefits in 
many different applications and processes of the supply chain. The technology 
promises to increase the efficiency of operations, cut lead-times and bring more 
visibility to the supply chain. Many successful implementations can be found in 
closed loop systems, but outside the retail industry there has been very little activity 
when it comes to applications for open systems. The reasons for the mismatch 
between the potential benefits and the level of RFID usage for open systems are to be 
found in the shortcomings of the technology and the standardization as well as in the 
high and unpredictable costs presented earlier in this chapter that lead to uncertainties 
concerning the return of investment (ROI). These factors will here be further 
analysed. 
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4.9.5 Technological maturity 

RFID has been used with success in full-scale operations in closed loop systems for 
decades. Asset utilization is one of the closed loop systems where RFID has been 
implemented in different industries. As an effect of the current interest in retail giants’ 
determination to use RFID in open systems, more attention has also been given to 
existing and possible applications of RFID in closed loop systems. Regardless of the 
performance and the financial parameters of a certain application, it is easier to pilot 
and implement a closed loop system. Only one company is affected and needed in 
order to make the system work as intended. This facilitates the decision-making 
process and avoids the problem of distribution of costs that can arise for an open 
system that is used by many companies.  
 
The performance of the active or semi-active tags that are frequently used for asset 
management in closed loop systems is well documented. Passive tags have also been 
used in closed loop systems where the shorter read range provided by the passive tags 
was acceptable. 
 
Wal-Mart, Metro and the U.S. Department of Defense (DoD) have through their 
commitment to RFID clearly showed that they believe in the potential of the RFID 
technology in open systems. Wal-Mart and Metro are expecting to reap profits from 
making the supply chain more efficient, but can with the future possibility of item 
level tagging also obtain benefits in their store operations. Out-of-stock problems can 
decrease, automatic stocktaking may be possible and eventually customers could 
maybe pay automatically, thereby almost eliminating the need for cashiers. The 
current state of the technology does not allow effective enough reading of multiple 
item-tagged objects containing fluids or metallic compounds to make it sensible to tag 
all products individually. An even larger problem is that tags are still much to 
expensive to make it profitable to tag for instance individual soap bars. Still, the 
massive savings that retail companies could realize in their sales-operations if tag 
prices fall and the technological problems are solved, could explain why the retail 
industry has been more or less alone in their use of RFID in open systems. Few other 
industries can benefit from item level tagging in the same way as the retail industry. 
 
DoD first started using active RFID to tag containers in order to get a better overview 
of the containers, and the goods inside them. The department has since then expanded 
its RFID policy to also include passive tagging of all cases and pallets of four classes 
of products that are being sent to two distribution depots. By January 1st 2007 RFID 
tagging will be required on all cases and pallets that are being shipped to any DoD 
location.116 Considering that DoD has about 46 000 suppliers and handles over two 
billion transactions annually the consequences of the RFID policy will be very far-
reaching117. Such an extensive implementation of RFID will invariably help speeding 
up the technological development of RFID as well as lower prices of the components 
of an RFID system. 
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4.9.6 Standardization 

Even though EPCglobal has ratified its generation 2 standard for ultra high frequency 
RFID standardization remains an issue in the industry. EPCglobal claims that the new 
standard is compatible with ISO standards, but ISO has still not publicly 
acknowledged the new standard from EPCglobal. Even though Wal-Mart, Metro and 
DoD are using equipment compatible to EPCglobal’s standards, the introduction of a 
non-compatible ISO standard would cause a lot of confusion. Based on ISO’s 
reputation as a well-established world standardization organization it is far from 
certain that the generation 2 standard, despite of its strong position today, would 
prevail in case of a conflict. We believe that the risk of a conflict between EPCglobal 
and ISO resulting in incompatible standards is rather small since it seems as if 
EPCglobal has realized that the consequences of a disagreement would be severe. 
 
Many companies would already today be able to initiate further use of RFID by 
asking their suppliers to attach RFID tags to the products that they purchase and offer 
to pay for the extra expenses associated with the tags. This could in turn spur the 
suppliers to start using the technology to make their shipping operations more 
efficient, and if the usage spreads there will be more parties that can share the costs. If 
only one company would consider the benefits from implementing RFID large 
enough to bear the entire cost alone, RFID could in this way be implemented 
gradually in an open system. An example of this can be seen in the case of Swedoor. 
The RFID system at Swedoor was only designed to be used within the company, but 
since the tags are left in the doors as they leave the production facility, Skanska has 
now been able to use them in order to verify that the right door ends up at the right 
place118. Reliable standardizations are still important for companies that are initiating 
RFID on a smaller scale hoping to induce other companies in the supply chain to 
eventually adapt RFID in a more active way than just “slap and ship” (only “slapping” 
a smart label to the case or pallet without linking the data available back into their 
own IT system119). Those companies obviously want the system that they acquire to 
be compatible with the systems that their suppliers and customers might eventually 
invest in. 

4.9.7  Return of investment considerations 

An important reason for the slow uptake of RFID in open systems in that the return on 
investment, or ROI, is unclear. The combination of the scarce information available 
on the ROI of implementations of RFID in open systems and the difficulty to estimate 
the total cost of implementation for an RFID system makes it hard for companies to 
calculate the ROI. The scarcity of information can be attributed to the small number 
of projects on RFID in open systems and the tendency of companies that have the 
experience of such implementations not to disclose financial consequences. In the 
choice between making their experiences public in order to speed up general adoption 
and keeping the information to themselves to maintain their competitive advantage it 
seems as if companies are opting for the later alternative. The difficulty in estimating 
the total cost to implement RFID is caused by the many cost components (see section 
4.6) involved and the individual nature of an implementation. Because of the 
sensitivity to environmental factors of the technology and the complexity in 
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predicting its implications in a particular environment, the cost of making the system 
work properly can be completely different in one plant compared to another. The cost 
of the integration of the RFID system with the existing ERP system is another factor 
that is difficult to calculate beforehand. 
 
As the technological development proceeds we expect that RFID systems will become 
more stable and thus easier to cost-estimate. Considering the trend of consistently 
decreasing prices of components and the escalating on-going RFID projects, it can be 
assumed that prices will continue to fall and thereby create an ROI that will attract 
more companies to launch RFID projects. 

4.9.8 Summary of RFID Analysis  

The advantages with the RFID technology can be divided in to three different 
subgroups, automation, visibility and flexibility. All of these subgroups are linked to 
each other, for example the flexibility is achieved by high visibility. The accurate data 
provided by RFID tagging provides visibility to the supply chain. By using the 
visibility, flexibility and automation to manage the supply chain companies can gain 
large benefits in inventory management, labor productivity and asset utilization.  
 
As mentioned above the RFID technology has large potentials to provide benefits in 
many different applications and processes in the supply chain. But unfortunately there 
are some problems to be solved before RFID will be of any major interest for open 
system applications. The current state of the technology does not allow effective 
enough reading of multiple item-tagged objects containing fluids or metallic 
compounds to make it possible to tag all products individually. Another uncertainty is 
the standardization question, EPCglobal has released the generation 2 standard but 
ISO has still not publicly acknowledged the new standard from EPCglobal, the 
introduction of a non-compatible ISO standard would cause a lot of confusion. Cost of 
the tags and the implementation are other problems to be solved, the scare information 
available on the ROI and the difficulty to estimate the total cost of implementation for 
an RFID system makes it hard for companies to calculate the ROI. 
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5 AUTOMOTIVE INDUSTRY  
The aim of this chapter is to describe the automotive industry and its supply chain, 

and introduce the reader to the benefits that RFID technology can bring to the 

automotive industry. 

5.1 The Automotive Industry in Sweden 
The automotive industry employs about 140 000 people in Sweden today, and thereby 
plays an important role in the Swedish economy. Nine out of every ten vehicles 
produced in Sweden are being exported, mainly to other countries in the European 
Union or to the United States. 
 
There are currently two companies, Volvo Cars and Saab Automobile, that are 
manufacturing cars in Sweden and just as many, Volvo Group and Scania, that are 
producing commercial vehicles. Volvo Cars is through the 416 000 cars produced in 
2003120 considerably larger than Saab, that made 130 000 cars in 2003121. The 
difference in size of the two companies operations in Sweden is not quite as large 
since Saab only is manufacturing 16 000 cars abroad while the majority of all Volvos 
is being made outside Sweden. 
 
The Volvo Group produced 147 000 trucks and 7 000 buses in 2003 compared to 
Scania’s production of 45 000 trucks and 5 000 buses. The Volvo Group is also 
making construction equipment and aircraft engines while Scania is complementing 
its production of commercial vehicles with engines for industrial and marine use. 
 
The automotive suppliers are representing a more diverse group than the original 
equipment manufacturers (OEMs) such as Volvo Cars, Saab Automobile and Scania. 
The total number of employees working for the automotive suppliers in Sweden is 
about 75 000, distributed among 1 200 companies. The group of suppliers include 
large enterprises such as Autoliv and SKF, but half of the 1 200 companies are small 
companies with revenues less than 2.1 million EUR.122 
 
Over the last decades a consolidation process in the automotive world has changed the 
structure of the industry profoundly. The car-manufacturing scene is today dominated 
by six large corporations; General Motors, Ford, Daimler-Chrysler, Volkswagen, 
Toyota and Honda. This process is likely to continue both among manufacturers of 
cars, trucks and buses as well as among suppliers to these companies. In Sweden the 
consequences of the many acquisitions and mergers that the consolidation process has 
led to has affected both manufacturers and suppliers. Volvo Cars, the largest 
manufacturer of cars in Sweden, is now owned by Ford Motors, and Saab Automobile 
has been acquired by General Motors. Volvo Group has grown by acquisitions of for 
instance Mack and Renault Trucks and among the suppliers an example of the 
consolidation can be found in Autoliv’s merger with Morton in 1996 and its 
subsequent multiple acquisitions of seat belt manufacturers123. 

                                                
120 http://www.volvocars.com/AboutVolvo/CorporateInfo/Manufacturing/ 
121 http://www.gmeurope.com/1123.html 
122 Swedish Industry, The Motor Vehicle Industry in Sweden, The Swedish Institute 2004 
123 www.autoliv.se 
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5.2 The Automotive Supply Chain 
A large number of different companies collaborate along the automotive supply chain 
including suppliers, logistics service providers, OEMs, dealers and garages. Accurate 
information about inventory at any point of the supply chain is required for 
Collaborative Forecasting, Planning and Replenishment (CFPR) and supply chain 
efficiency. 
 
Suppliers provide raw materials, parts and components that are used for automotive 
assembly. Logistics service providers offer a variety of services that are related to 
transportation and warehousing along the whole supply chain. OEMs focus on 
building cars that will be so attractive to customers that sales will be generated. As the 
last stage before the end costumer, the OEMs generally have a stronger position than 
other members of the supply chain. Dealers sell cars, spare parts and complementary 
products like credit and insurance. Garages provide maintenance and repair services. 
All of these participants constitute the automotive value chain as shown in Figure 5.1. 
 
 
 
 
 
 

 

 

Figure 5.1: The Automotive Value Chain
124

 

5.3 RFID in the Automotive Industry 
As a result of strong global competition the automotive industry has always held a 
leading position in the adoption of new technologies. By adopting new technologies 
the industry has improved their processes and products. Major initiatives in the 
automotive industry include Just-In-Time (JIT) manufacturing, mass customization, 
“zero error production”, and reduced cycle time125. To accomplish such goals, 
automotive manufacturers increasingly rely on information technology to help 
manage processes. 
 
One major area where RFID technology will have a large impact is the automotive 
supply chain, encompassing all tasks associated with moving goods from raw material 
through to the end customer. This includes tasks such as sourcing and procurement, 
inventory management, assembly, order processing, distribution, transportation and 
warehouse126. Although the automotive supply chain has the reputation of being well 
organized compared to other industries, supply chain visibility and information 
accuracy are still far from perfect. OEMs are depending on their suppliers for a large 
number of parts, components or modules. Because of this dependency supply chain 
visibility is crucial. Some sources say that the automotive manufacturers spend 

                                                
124 Own illustration 
125 http://www.epcglobalus.org/Industry/automotive.html  
126 http://www.supply-chain.org  
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roughly 60 % of their IT budgets on improving of their supply chain management 
systems127. 
 
In addition to supply chain applications like inventory management, assembly 
automation and asset management, other beneficial applications are found in the area 
of after-sales service. Examples are maintenance, recalls and recycling. 
 
RFID in open systems will only be efficient if they are used in a collaborative way. 
This means data will be shared along the supply chain based on standards. A basic 
scenario on how an RFID system could work is source tagging, also referred to as 
direct part marking (DPM). In this scenario the suppliers add an RFID tag on each 
part manufactured. In doing so the supplier will incur costs for the tag and for 
changing his production process in order to integrate the tagging procedure. On the 
other hand the supplier may have some benefits in the management of his own 
warehouse and in faster distribution. The tagging cost is the dominant cost factor in 
this scenario. The automotive manufacturer will receive the most of the benefits. The 
only cost the automotive manufacturer faces is to implement an infrastructure of 
readers and to integrate them with the existing IT infrastructure. The benefits of RFID 
are related to inventory management, theft control, brand authentication, production 
and recycling. Figure 5.2 shows how costs and benefits could be divided on the 
different parties of the supply chain. 
 
  Supplier OEM Dealer Garage 

Costs Reader  Reader  Reader  Reader  

  infrastructure infrastructure infrastructure infrastructure 

          

  Changes in  Integration to     

  production process existing IT     

    infrastructure     

  Tagging       

          

          

Benefits Distribution Distribution Distribution Distribution 

          

  Theft control Theft control Theft control Theft control 

          

    Brand  Brand  Brand  

    authentication  authentication  authentication  

          

    Inventory     

    management     

          

    Assembly     

 

Figure 5.2: Benefits and Costs for each tier in the supply chain
128

 

One problem with the implementation of RFID in a collaborative approach is to share 
the benefits and costs in a fair way along the supply chain. Historically it has always 

                                                
127 http://www.idsystems.com  
128 Own illustration based on Auto-ID Center illustration 
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been the OEMs who were pushing the introduction of new standards for logistics 
applications. An example is the barcode based GM 1724 specification that has been 
introduced by GM to standardize shipping labels129. This shipping label is the 
template for a common global shipping label for the entire automotive supply chain. 
Members of AIAG, Odette and JAMA have signed a letter of understanding on this 
issue (see section 5.4).  
 
The automotive industry already uses RFID technology in a variety of closed loop 
applications. Such applications include containers and bin tracking, work-in-process 
tracking, vehicle identification and access control. 
 
Volvo Car Corporation has done a number of different pilot projects with RFID 
applications. One of these pilot projects was carried out in Olofström, where Volvo is 
manufacturing car-body components. In this project active RFID tags were attached 
on racks that were sent through the Volvo supply chain. The result of this study 
showed that by implementing the RFID solution, asset management could be 
improved and a cost reduction of 7 million SEK per year would be achieved130. In 
another pilot project carried out at Volvo Car Corporation RFID tags were attached on 
containers. The evaluation of this project indicated that the number of containers 
could be reduced by five percent if all containers were to be equipped with RFID 
tags131.   

5.3.1 Applications and benefits 

The applications of RFID technology can be grouped into three classes: 
 

- Open systems  
- Closed loop systems 
- Vehicle Related 

 
RFID in an open loop scenario can improve supply chain related tasks such as 
inventory management, brand authentication, theft control and assembly as well as 
after sales service tasks like maintenance, recalls and recycling. An open system 
scenario provides the most benefits across the automotive value chain, but requires a 
standardized RFID infrastructure for RFID tags that cannot be reused, and solutions 
for sharing costs and benefits are needed.  
 
The second type of applications, the closed loop systems, improve the management of 
resources that always stay within the company (asset management). These reusable 
assets are comprised of a variety of containers that are used in logistics, as well as 
tools used for production and maintenance. Standards are not necessary for such 
applications, however by using standardized systems the companies could reduce 
implementation costs and facilitate the outsourcing of capital assets management to 
service providers.  
 

                                                
129 http://www.liberty-sys.com/gm_label_template.htm 
130 Görsgård, J. Jansson, A. (2004), Lönsamhet & tillförlitlighet hos en logistisk RFID implementering. 
Master Thesis  2004:222 ISRN: LTU-EX--04/222--SE 
131 Lars Åkesson, Volvo Car Corporation, Telephone interview  
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Finally, RFID technology can also be used to add functionality to the car. Such 
applications could be car identification, assets control and tire pressure monitoring. 
The reason for implementing such systems is to get greater customer service. These 
applications do not require standardization for sharing data, although standardization 
would result in reduced costs. 

5.3.2 Open system scenario 

Insufficient supply chain visibility affects planning reliability in the automotive 
industry. According to A.T Kearney, supply chain inefficiencies can account for up to 
25 % of a company’s operating costs132. Insufficient coordination between material 
flow and information flow leads to the so-called bullwhip effect. The consequences of 
the bullwhip effect are excess production or out of stock situations and have been 
further described in chapter 3.2.2. To avoid situations where the production is halted 
by lack of parts the majority of companies maintain expensive safety stocks. 
 
The RFID technology could be used to improve supply chain tracking. RFID based 
tracking of parts leads to several benefits. It enables full supply chain visibility and as 
a consequence facilitates collaborative forecasting, planning and replenishment and 
JIT-operations. 
 
Today traditional barcode based shipping labels, such as the Odette label, are used for 
identifying parts in the automotive supply chain. The use of barcodes has already 
increased transport accuracy, reduced misrouting and increased the accuracy of 
information about part location through the supply chain. A more advanced 
infrastructure like that provided by the RFID technology would be able to increase the 
accuracy of the information flow even further than what would be possible with 
barcodes. There are also some cases where barcodes are simply not appropriate and 
where improperly read barcodes produce errors, like in a paint shop. Collaboration 
between the members of the supply chain in setting up standards and sharing data is 
essential to fully realize the benefits of an RFID application.133  

5.3.3 Closed loop system scenario 

In general, the potential for early adoption of RFID is higher in those applications 
where the tag is attached to the packaging or in closed loop scenarios. Tagging of 
assets like tools, vehicles, etc. are examples of closed loop applications. In the 
automotive industry there are many examples where tags (often active tags) are used 
for identifying and locating pallets, containers and other movable assets. 

Container tracking 

Containers are mostly used in closed loop scenarios. There are a large variety of 
containers used in the automotive industry; shipping containers, plastic totes, pallets, 
etc. Some of the containers are specialized for transport of specific automotive parts 
(e.g. engine racks). Bad container management leads to misplaced or lost containers 
and parts. As mentioned earlier evaluations of RFID pilots have shown that the 
number of containers needed could be reduced by five percent by attaching tags to the 
containers. Tagging the containers also makes it possible to track the parts that are in 

                                                
132 S. Mayer: Erfolgsfaktoren für das Supply Chain Management nach der Jahrtausendwende, 
Logistik 2000plus: Visionen-Märkte-Ressourcen, Schmidt, Berlin et al., 1999, pp. 1-20 
133 Sten Lindgren, Odette Sweden, Telephone interview 
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the container (soft tracking). The number of plastic containers that are used in 
logistical applications by the German automotive industry alone is estimated at 60 
million units134. 
 
Tracking of these containers requires tags attached to each of them, communicating 
with an infrastructure of readers. If the manufacturer owns the containers, no special 
standards are needed, although standardized equipment will generally be less 
expensive. But in general the manufacturer does not own shipping containers, so a 
standard will be important.  
 
Examples 

- Volkswagen uses passive tags on some of its recycle bins135. 
- Lear Corporation uses passive tags in tracking and automatic identification of 

car seats within the production line at the Torslanda Plant136.  

Tool Management 

In car manufacturing many moveable tools are used, some of them on a shared basis. 
The resulting problems are similar to what happens in a library. Workers return some 
tools late, while others are misplaced or returned incomplete. More comprehensive 
RFID tagging of tools could help to automate and control tool circulation. 

Identification 

Unique car identification can be used for many purposes. For example, the electronic 
plate allows identification of each vehicle by a unique vehicle identification number 
(VIN). This number is today embossed on the car frame, but could instead be stored 
on an RFID label that is attached to the car137. 
 
This application can be used for instance when a car has been stolen, the police could, 
with the help of an RFID reader, easily obtain the vehicle identification number and 
then check if that number matches the number linked to the license plate in the 
department of motor vehicle’s register. Today the police have to find the vehicles’ 
identification number so that it can be visually read. 
 
This application can also be realized as a closed loop system, for example if there is 
the need to identify and locate cars on the factory site to facilitate customer pickup.  
 
Examples 

- Volkswagen uses active tags to locate finished cars. The tags are removed 
when the car is shipped to the dealer.138 

- Electronic number plating is being discussed as a complement to the 
traditional license plate number. 

                                                
134 http://www.vda.de 
135 www.identecsolutions.com  
136 Lotta Castell, Lear Corporation, Personal interview  
137 Daniel Johansson, Stralfors BA Labels, Personal Interview  
138 http://www.identecsolutions.com  
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5.3.4 Recalls 

The automotive industry is undergoing a major transformation. Because of the 
warranty/recall issues and regulations compliance, the industry is being subjected to 
heightened levels of regulatory control and increasing accountability. The increase in 
recalls and the related warranty costs combined with government mandates have 
revealed costly deficiencies in current manufacturing practice and exposed 
manufacturers to increased risk and cost of related liability claims139. 
 
Recalls can create havoc throughout a supply chain because of the difficulties 
associated with identifying where all parts produced with faulty materials or 
components are located. An RFID system would be able to identify where parts are 
located and more specifically parts that were made with the recalled materials and 
components. A selective recall would dramatically reduce unnecessary shipping and 
handling costs related to returning goods parts.  
 
The problem with recall is becoming a more and more serious issue for the 
automotive industry. According to AMR Research, automotive recalls over the last 
few years have taken on alarming proportions. North American manufacturers 
committed an estimated USD 12 billion to support warranty claims in 2003140. The 
following two examples indicate the scale of the problems with recalls: On the 10th of 
December 2004 the U.S. government safety regulator asked Daimler-Chrysler to 
recall 600 000 sports utility vehicles and pick-ups because of a problem with the 
suspension. In Europe Volkswagen is recalling nearly 300 000 diesel cars after disco-
vering potential faults that could lead to fuel leakage141.  

5.4 Odette organization 
The international Odette organization was founded in 1984 by the automotive industry 
in Europe. The Odette organization consists of different national Odette organizations; 
one of those is Odette Sweden. Even though the national organizations work 
independently, decisions on standardization issues are made jointly in the name of the 
international organization. The members of the Odette organizations are companies 
related to the automotive industry, like suppliers, OEMs and so on. Odette is a non-
profit organization where every member owns a share. 
 
The main task for the Odette organization is to develop standards for the automotive 
industry. One of them is the so-called Odette label. The Odette label is a transport 
label that is attached to all of the material transported between companies in the 
European automotive supply chain142. The purpose of the Odette label is to identify 
every good with the help of barcodes and link the physical arrival of the goods to the 
DESADV-message (Odette Despatch Advice). There are different types of Odette 
labels for different types of applications, but they all have in common that they are 
printed on an A5 sized paper. 
 

                                                
139 BrooksSoftware Strategies for reducing automotive warranty and recall costs 
140 Ibid 
141 Financial Times; Mon 13th December 2004, page 18 
142 Sten Lindgren, Odette Sweden, Telephone interview 
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The Odette organization is now evaluating the possibility to establish a standard of 
automated data capture system within the automotive industry143. The goal of the 
standard is to allow traceability in both directions of the supply chain, so that 
traceability of automotive products from the customer to the supplier/manufacturer, as 
well as traceability from the supplier/manufacturer to the customer can be ensured144.  

5.4.1 AIAG 

AIAG (Automotive Industry Action Group) is equivalent to Odette but operates in 
North America. The AIAG was founded in 1982. Just like Odette AIAG is a non-
profit organization. The primary goal is to reduce cost and complexity within the 
automotive supply chain and improve speed-to-market and product quality. The 
AIAG have already published a standard for an RFID solution (B-11: Tire & Wheel 
Label & Radio Frequency ID Standard)145. 

5.4.2 JAMA 

Just like Europe and North America Japan has its own interest organization JAMA 
(The Japan Automobile Manufacturers Association). JAMA is a nonprofit trade 
association that was established in April 1967. The organization is comprised of the 
13 manufacturers of passenger cars, trucks, buses, and motorcycles in Japan146

                                                
143 Odette Sweden Identification and tracking of vehicles and vehicle parts during product life cycle 
Draft VDA5005 (March 04) 
144 Odette Sweden Identification and tracking of vehicles and vehicle parts during product life cycle 
Draft VDA5005 (March 04) 
145 AIAG http://www.aiag.org/index  
146 JAMA http://www.jama.org  
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6 PHARMACEUTICAL INDUSTRY 
The aim of this chapter is to clarify the pharmaceutical industry and its supply chain, 

and introduce the reader to the value RFID technology can contribute to the 

pharmaceutical industry. 

6.1 The Pharmaceutical Industry in Sweden 
The pharmaceutical industry is characterized by the huge investments in research that 
is needed in order to find efficacious new drugs. The development and production of 
pharmaceuticals are strictly regulated in order to protect the end consumers. These 
regulations are needed since neither the consumers themselves nor the doctors 
prescribing the drugs can verify the quality of a specific batch of drugs. Another 
important reason for the existence of strict regulations is of course also found in the 
severity of the consequences of a sub-standard drug. 
 
The pharmaceutical industry in general has undergone considerable consolidation 
during the last decades. The reason for this process of consolidation can be attributed 
to the huge resources needed in order to research, develop and bring a new product to 
the market. 
 
About 21 000 people are directly employed in the pharmaceutical industry in Sweden. 
More than 90 percent of the sales, or MSEK 49 382, is generated from exportation. 
The U.S. is by far the country that is importing most pharmaceuticals from Sweden; 
24,6 percent of the Swedish export revenue originate from export to the U.S. France, 
Germany and Spain are also large importers of pharmaceuticals produced in Sweden, 
each of these countries has a share of the total export sales of about 10 percent.147 
 
Since such a large share of the sales can be attributed to the U.S. market it becomes 
important for Swedish pharmaceutical companies to follow and adhere to the U.S. 
legislation. Directives and guidelines from FDA, the main regulating body for the 
U.S. pharmaceutical industry, can thus have considerable implications for the Swedish 
pharmaceutical industry.  
  
The Swedish pharmaceutical industry is dominated by London-based AstraZeneca, 
that alone employs 13 000 people in Sweden.148 Pharmacia, now a part of Pfizer, used 
to be comparable to AstraZeneca in terms of importance to the Swedish industry, but 
a series of mergers with U.S. companies have resulted in spin-offs or relocation of 
some of its activities in Sweden. Pfizer is still the second largest pharmaceutical 
company with production in Sweden.  
 
The Swedish pharmaceutical industry association, Läkemedelsindustriföreningen, has 
61 member companies that together account for more than 90 percent of the 
pharmaceuticals sold in Sweden.149 Only a handful of these companies have 
production facilities in Sweden, the others are typically represented by a unit focusing 
on marketing and clinical trials. 

                                                
147 http://www.lif.se/Statistik/Fakta_04/Lkm_marknaden.asp 
148 http://www.astrazeneca.se/omoss/verksamhet.asp 
149 http://www.lif.se/Branschinformation/Dettalif.asp 
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Apart from those already mentioned there are a large number of small or medium 
sized biotechnology firms that either have development or production in Sweden. 
These are mainly located around cities with universities conducting a great deal of 
medical research, for example Uppsala, Stockholm, Lund and Umeå.150 

6.2 The Pharmaceutical Supply Chain 
The low weight/price ratio of medications and the overwhelmingly large share of 
Research and Development (R&D) related expenditure in a product’s total cost have 
led pharmaceutical companies to focus efficiency-increasing activities to other areas 
than supply chain management. Since the revenue from a sold medication compared 
to the cost of raw materials, production and distribution is large it is essential to make 
sure that the company’s products are always on the shelves. Out of stock situations are 
also highly undesirable from an ethical point of view, hospitals and patients can in 
many cases not afford to wait for the necessary medications. The importance of 
availability combined with production in large batches and careful controls of both 
ingredients and finished product have created a supply chain characterized by long 
cash to cash times and large inventories.  

6.2.1 Material flow 

According to Stefan Blomsterberg at Vitrolife, the production process of 
pharmaceuticals is a fairly slow process; every new batch entering the process has to 
be controlled and tested. This implies that the production process flow will be 
interrupted by many stops151. From Vitrolife’s point of view, Blomsterberg cannot see 
that the RFID technology will be useful within the production process.   
 
The material flow in the pharmaceutical industry varies from country to country. In 
Sweden the government controls the pharmacies, this increases the overall security of 
the material flow. In Sweden third party logistics (3-PL) companies such as Kronans 
Droghandel and Tamro deliver the pharmaceuticals from the manufactures to the 
pharmacies. Läkemedelsverket strictly regulates these 3-PL companies. The main 
reason for these regulations is to ensure that no prescription drugs are leaving the 
supply chain and that no unauthorized pharmaceuticals can find their way into the 
supply chain. All the purchasing activities are executed by the central purchasing 
organization at Apoteksbolaget152. Since the Swedish market is rather small and 
strictly regulated, counterfeited drugs are not a problem in the Swedish 
pharmaceutical supply chain.  
 
In the U.S. and in some countries in Europe the situation is different. In these 
countries the pharmaceutical material flow works similar to the everyday 
commodities material flow, with wholesalers that buy pharmaceuticals and then sell 
these to different pharmacies. In the U.S. the pharmacies are privately owned but 
controlled by FDA. Since there are wholesalers in the pharmaceutical supply chain 
with profit interest, the risk that counterfeited drugs will penetrate the supply chain 
increases. Some dishonest wholesalers can be tempted to gain higher profit by 
purchasing the much cheaper counterfeited drugs. The U.S. pharmaceutical supply 
chain is illustrated in a simplified manner in Figure 6.1. 
                                                
150 http://www.sweden.se/templates/cs/BasicFactsheet____3709.aspx 
151 Stefan Blomsterberg, Vitrolife, Personal interview  
152 Michael Carmitz, Apoteket AB, Personal interview 
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Figure 6.1: The U.S. pharmaceutical supply chain 

6.2.2 Information flow 

The information processing in the supply chain is today mainly carried out through 
the use of barcode systems. Upstream from manufacturer to supplier the information 
process follows the GMP regulations (see section 6.2.3). Nevertheless some 
manufacturers have difficulties to get the suppliers to start using the barcode system. 
According to Johan Boman, some of their suppliers are “still in the Stone Age” when 
it comes to information systems and supply chain integration153.   
 
One of the problems of today is the traceability, which currently only can be carried 
out on batch level. The barcodes are easy to copy and forge and do not provide the 
kind of protection against counterfeiting that the FDA wants. By using RFID on every 
individual package containing pharmaceuticals, each item could be given a unique 
identification number. This could provide the traceability that the FDA is seeking to 
obtain throughout the entire supply chain. 

6.2.3 GMP/GDP 

The production and distribution practices of the pharmaceutical industry are heavily 
regulated in order to make sure that the quality of the finished products can be 
guaranteed. Läkemedelsverket, the Swedish medical products agency, is the 
regulatory body that is governing pharmaceuticals sold in Sweden. They mandate that 
production and distribution of pharmaceuticals should be conducted in compliance 
with GMP (Good Manufacturing Practice) and GDP (Good Distribution Practice). 
According to GMP companies producing pharmaceuticals have to test samples of 
each batch of starting materials they purchase. They are also required to be able to 
trace the starting materials used for every finished product. This is today 
accomplished through linking the batch number of a finished product to the batch 
numbers of the raw materials that were used.  
 
Since such a large share of the Swedish production is being exported to the U.S. it is 
also of importance for the Swedish pharmaceutical industry to follow the mandates of 
FDA, the U.S. counterpart to Läkemedelsverket. 

                                                
153 Johan Boman, AstraZeneca, Personal interview  
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6.3 RFID in the Pharmaceutical Industry 

6.3.1 Counterfeiting  

The WHO, the World Health Organization, defines counterfeit drugs as “A medicine 
that is deliberately and fraudulently mislabeled with respect to identity and/or source. 
Counterfeiting can apply to both branded and generic products and counterfeit 
products may include products with the correct ingredients or with the wrong 
ingredients without active ingredients, with insufficient active ingredients or with fake 
packaging.”154  
 
According to WHO, between five and eight percent of the worldwide trade in 
pharmaceutical market are counterfeit products155. The problems with counterfeit 
drugs in the U.S. and Europe are not so widespread. Elsewhere the problem with 
counterfeited drugs is more extensive; in for instance Colombia up to 40 % of the 
drugs are believed to be counterfeited156. Even though the problem in the U.S. and 
Europe is nowhere as serious as in Colombia the number of incidents with counterfeit 
drugs is increasing. 

The causes of counterfeiting 

Three factors account for the increase in counterfeit dugs. First, the new computer 
technology enables more sophisticated forged labels. It is now possible to copy any 
label. Second, in some countries, e.g. the U.S., there is a large quantity of small 
wholesalers buying and selling medications. In some situations, the drugs change 
hands many times before reaching pharmacies. This makes it possible for the 
counterfeit drugs to enter the pharmaceutical supply chain. Finally, forgers are 
attracted by the potential of increasing profits that the more and more expensive drugs 
are causing. 157 

An anti-counterfeit system based on RFID 

RFID technology enables two fundamental approaches to deal with counterfeit drugs 
in the supply chain. First, RFID allows the possibility of instant verification of 
authenticity of any product at any location. This verification would be made possible 
by the creation of an information system spreading over the entire supply chain. This 
capability provides true electronic pedigree158 information about drugs that is 
available by all supply chain partners. Second, RFID enhances the possibilities for 
companies to track and trace their products. Together, track and trace, and drug 
verification are difficult barriers for potential counterfeiters to overcome. 
 
The RFID approach has advantages compared to barcodes when doing track and trace 
or verifications of the authenticity of drugs. Since the reading of an RFID tag can be 
made more efficiently than scanning of barcodes it is easier to record every 
                                                
154 WHO http://www.who.int/medicines/organization/qsm/activities/qualityassurance/ 
counterfeit/faq_counterfeit.doc  
155 HDMA Pharmaceutical Product Tampering News Media Fact sheet 
156 U.S. News & World Report  
157 USA TODAY Julie Appleby Fake drugs show up in U.S. pharmacies  
158 U.S.  Food and Drug Administration; FDA News FDA considers electronic pedigrees to be a type of 

“electronic safety net” which utilizes technology that allows illicit drug transactions to be rapidly 

identified. 
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transaction of a drug moving through the supply chain. Traditional barcodes do not 
have the storage capacity needed to equip each item with a unique identification 
number. Through RFID such a unique identification number can be used as a pointer 
to look up information stored in a remote database about a drug’s journey through the 
supply chain. This ability to link physical objects to information provides a powerful 
capability for track and trace and authenticity verification. Figure 6.2 shows how an 
electronic pedigree can be created through the use of RFID. Embedding RFID tags in 
labels will also make life more difficult for forgers. In order to be able to infiltrate the 
supply chain with counterfeit drugs it will be necessary for forgers to know valid 
unique identification numbers and then store these numbers in RFID tags attached to 
the fake drug containers. 
 

 

 

 

 

 

 

 

 

 

Figure 6.2: An overview of an RFID solution159 

6.3.2 Recalls 

It would be nice if drug recalls were a rare and isolated event, but in fact they are the 
most common and costly incident in the pharmaceutical industry. The FDA’s Office 
of Compliance, Center for Drug Evaluation, reported 1 230 drug recalls from 1997 to 
2002, an average of 3,9 per week. The FDA issued 354 recalls on prescription drugs 
in 2002 alone160. Recalls create an extensive amount of work for the administration 
and logistics department. In the long term the recalls can generate reduced customer 
confidence, lost sales etc. if the companies are not able to manage their recalls 
efficiently. 
 
The effectiveness of recall management is a direct result of the level of product 
visibility in the supply chain. By using RFID and unique product identification the 
companies are able to link a product to a specific batch. With this information the 
companies can then see where and when the product has been sent. By marrying lot 
codes on unit-of-use labels with electronic records, manufacturers could conduct a 
recall like this: “We are recalling 50mg tablets of Drugeson, lot number 12386719, 
made in May 20, 2003, between 8 a.m. and 1 p.m. on production line 2 at our 

                                                
159 Own illustration based on an illustration from XPLANE  
160 HDMA http://www.hdmanet.org/gov_affairs/prescription.asp  
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system can track them to 
the manufacturer. 

2. The manufacturer takes the 
tagged drums and combines raw 
materials to make pharma-
ceuticals. Next, the pills are 
placed into tamper proof bottles 
and tagged with RFID tags. The 
system then registers the raw 
material that go into each bottle. 

3. Each bottle is tracked to 
the wholesaler. Product 
safety requires detailed 
records and an audit trail. If 
necessary, product recalls 
are easily targeted and 
executed in a timely 
manner. 

4. Pharmaceuticals are 
tracked into and out of the 
pharmacy. Bottles tagged 
with RFID tags hold each 
party in the pharmaceutical 
supply chain accountable 
for their actions, ensuring 
the pedigree of each product 
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Smalltown facility. This product was shipped to Froax Drug Distributors’ warehouse 
in Gothenburg. No other products are affected”161. When the information is available 
in an RFID tag, the affected products can be found quickly with automated methods 
that minimize the labor required for the searching and identification of the items.  
 
RFID in open systems will only be efficient if it is used in a collaborative way. This 
means data will be shared along the supply chain based on standards. A basic scenario 
of how an RFID system could work is by using it as a means of employing source 
tagging, which has been illustrated in Figure 6.2. In this scenario the chemical plant 
add an RFID tag on each batch manufactured. In doing so the chemical plant will 
incur costs for the tag. On the other hand the chemical plant may have some benefits 
by obtaining a more efficient distribution. The cost the pharmaceutical manufacturer 
faces are tagging of produced items and to set up an infrastructure of readers and to 
integrate them and the information received from them with the existing IT 
infrastructure. The benefits of RFID are related to distribution, inventory 
management, theft control, brand authentication and improved process for recalls. 
Figure 6.3 shows how costs and benefits could be divided on the different parties of 
the supply chain. The increased safety that consumers would experience from a more 
secure supply chain is not included in the figure, but should not be overlooked when 
analyzing the incentives for authorities to mandate the use of RFID. 
 
  Chemical plant Pharmaceutical manufacturer Wholesaler Pharmacy 

Costs Reader  Reader Reader Reader  

  infrastructure infrastructure infrastructure infrastructure 

          

  Tagging Tagging     

          

    Integration to  Integration to  Integration to  

    existing IT existing IT existing IT 
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Benefits Distribution Distribution Distribution   

          

    Inventory Inventory Inventory 

    management management management 
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Figure 6.3: Benefits and Costs for each tier in the supply chain 

 

                                                
161 Zebra Technologies RFID: The Next Generation of AIDC 
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6.4 Food and Drug Administration, FDA  
Between 1992 and 2002 the U.S. pharmaceutical market grew twice as fast as the 
European market, and is today the largest market in the world. This makes the FDA a 
very powerful organization, and the share price of even the largest multinational 
pharmaceutical corporations can plummet if a new drug fails to be approved by the 
FDA. The proposed budget for the FDA for 2005 is MUSD 1 844. The office within 
FDA that is responsible for the drug administration is called CDER (Center for Drug 
Evaluation and Research).  

6.4.1 FDA and RFID 

Even though FDA does not consider the problem of counterfeit drugs to be 
widespread in the U.S. today, the increasing number of counterfeit drugs, depicted in 
Figure 6.4, is a cause of concern.  
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Figure 6.4: FDA open investigations of counterfeit drug cases
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In July 2003 the FDA established a task force to further investigate and evaluate 
current and potential anti-counterfeiting measures. The goals of the task force were:163 
 

• Preventing the introduction of counterfeit drugs and biologics into the U.S. 
drug distribution chain. 

• Facilitating the identification of counterfeit drugs and biologics. 
• Minimizing the risk and exposure of consumers to counterfeit drugs and 

biologics. 
• Avoiding the addition of unnecessary costs to the prescription drug 

distribution system, or unnecessary restrictions on lower-cost sources of drugs. 
 
Through open meetings and feedback on an interim report the FDA received 
comments from for instance technology developers, manufacturers, retailers and 
security experts. As a result of the work of the task force, the FDA published a report 
titled “Combating Counterfeit Drugs” in February 2004 and then also a press release 

                                                
162 Own illustration based on http://www.fda.gov/oc/initiatives/counterfeit/report02_04.html 
163 http://www.fda.gov/oc/initiatives/counterfeit/report02_04.html 
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titled “FDA Announces New Initiative to Protect the U.S. Drug Supply Through Use 

of Radiofrequency Identification Technology”
164

 in November 2004. The FDA does 
not believe that RFID alone will be enough to thwart counterfeiting, but states that 
“the use of RFID is critical to ensuring the long-term safety and integrity of the U.S. 
drug supply”165. 
 
The FDA has specified a time plan for the gradual implementation of RFID based on 
what they deem to be feasible in terms of the technology and the industry’s current 
initiatives. According to this time plan RFID will be used for mass serialization on 
some pallets and cases of pharmaceuticals that are likely to be counterfeited during 
2005. The usage will then gradually increase to comprise mass serialization of all 
pallets and cases and most packages of pharmaceuticals by 2007. 
 
To facilitate the adoption of RFID the FDA has published a Compliance Policy Guide 
(CPG) on RFID feasibility studies and pilot programs for drugs. By following the 
directives of the CPG companies launching pilot programs on RFID can do so without 
having to comply with all regulatory and statutory requirements. The FDA does not 
take a stance on what frequency the tags should operate on and allows the tag to 
contain anything that’s already on the approved label in addition to the unique serial 
number. The standardization process is thereby largely left for the industry at the 
moment. 

6.4.2 Market awareness 

In connection with the FDA’s press release on the 15th of November 2004, three 
multinational pharmaceutical companies made their plans for RFID public. 
 
Purdue Pharma announced that they intended to start a pilot program where they 
integrate RFID tags on the labels of their 100-tablet bottles of OxyContin. The first 
shipments of RFID-tagged bottles were to be sent to Wal-Mart and H.D. Smith one 
week after the announcement. Purdue Pharma plans to extend the pilot program to 
comprise all bottles of OxyContin tablets, provided the suppliers can produce enough 
tags.166 
 
GlaxoSmithKline stated that they, in the next 12 to 18 months, would start using 
RFID on at least one of their products that have been judged to be susceptible to 
adulteration, counterfeiting or diversion. In the press release GlaxoSmithKline also 
calls for the development of industry-wide standards to facilitate the sharing of 
information.167 
 
Pfizer declared in their turn that they would start adding passive RFID tags to 
packages and cases of Viagra, a drug that has been a popular target for counterfeiters, 
before the end of 2005.168 

                                                
164 http://www.fda.gov/bbs/topics/news/2004/NEW01133.html 
165 http://www.fda.gov/oc/initiatives/counterfeit/rfid_cpg.html 
166 http://www.pharma.com/pressroom/news/20041115-01.htm 
167 http://www.gsk.com/press_archive/press2004/press_11152004.pdf 
168 http://www.pfizer.com/are/news_releases/2004pr/mn_2004_1115.html 
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7 ANALYSIS  
In this chapter the automotive industry and the pharmaceutical industry will be 

analyzed. The structure for the analysis of the automotive and pharmaceutical is 

presented at first.  

7.1 Identification of main factors 
Based on the findings of our empirical research and literature study we sought to 
identify the most important factors that are influencing a company’s decision whether 
or not to implement RFID. We have found that the most influential reasons for or 
against starting to use RFID can be divided into the following three categories; 
profitability, technology and external influence. Since the importance of each 
category differs in closed loop systems compared to open systems, this distinction has 
been made in the analysis. The complete structure of the analysis chart can be seen in 
Figure 7.1. Each of the three main categories is further explained here and then 
concretized as the situation in the automotive and pharmaceutical industries is 
analyzed.  

7.1.1 Profitability 

For a company aiming to generate profit to its owners, the profitability of investments 
under consideration is always a concern. The time allowed to reach break even can 
however vary significantly from one company to another. A company might accept 
that a new technological solution will be generating substantial losses over an 
extended time if it is believed that profits outweighing the initial losses will eventually 
be realized. Large investments in expensive equipment can be financially sound if 
they either will bring savings or increased revenues offsetting the cost of the 
equipment acquired. 
 
In order for a company to implement RFID in full scale the benefits of doing so have 
to be larger than the cost. An effect of the implementation is called a benefit if it 
directly or indirectly increases the profit.  

7.1.2 Technology 

To be able to realize the theoretical benefits of RFID that have been described in 
chapter 4.9.8 it is necessary that the technology can actually deliver the performance 
that the theoretical benefits are based on. RFID might have been in use for decades, 
and for some applications the performance of the technology is up to par, but its usage 
in open supply chain systems is still in its initial stages.   

7.1.3 External influence 

The individual company might be governed by a parent company or forced to comply 
with standards or regulations. In other cases standards may not be compulsory, but 
still necessary to follow from a practical point of view. An absence of standards could 
thereby hamper a company’s will or interest in an implementation of RFID.  
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Figure 7.1: Analysis structure chart 

7.2 Automotive industry 
The automotive industry is today dominated by a small number of large multi-national 
corporations. The formerly Swedish carmakers Volvo and Saab Automobile have 
been bought by American giants and are today brands among others in the portfolios 
of Ford and General Motors. Suppliers to the manufacturing companies have also 
been affected by the consolidation and have increased in size and decreased in 
numbers due to mergers and acquisitions. The effect of becoming a part of a global 
corporation can be that each company within the corporation will have limited 
possibilities to implement a new technology that has not been embraced or approved 
by the parent company. 

7.2.1 Profitability 

Closed loop systems 

RFID in closed loop systems have already been implemented in many companies in 
the automotive industry. The results indicate that profitability can be achieved through 
improvements of quality, productivity, flexibility and/or delivery capacity that 
constitute strategic areas that have to be mastered to obtain long-term profitability169. 
 
Lear Corporation’s use of passive RFID to link car seats to the conveying palette on 
which the seat is mounted as it moves through the production line has increased the 
quality of the finished product. This in turn means that the resources needed to correct 
mistakes in the production have decreased as an effect of the RFID implementation. 
Before the RFID tag was integrated in the palette and used for storage and automatic 
reading of the model number of the seat, each seat was equipped with a barcode that 
was scanned manually at every workstation. By reading the model number 
automatically instead of manually scanning a barcode, the throughput-time of each car 
seat has decreased. A faster production process means increased profitability through 
lower production cost and reduced capital tied up in work in process. 
 
Lear has not been able to isolate the financial effect of introducing RFID since they 
started using RFID in combination with a complete re-design of the production lines. 
But although Lear’s initial investment and the costs incurred during the phase-in 
period were substantial Lear does not doubt that the benefits of the RFID 
implementation have outweighed the costs and troubles of making the system work 
properly. 
 

                                                
169 Olhager, J. (2000), Produktionsekonomi. Lund: Studentlitteratur AB ISBN: 91-44-00674-8 
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Volvo’s and Volkswagen’s small scale pilots on tagging racks and containers indicate 
that annual costs for maintenance, replacement and management of these assets can be 
reduced by up to 15 %. The inherent sluggishness of large organizations works as an 
inhibitor for the adoption of new technologies and can be an explanation to why RFID 
still has not been implemented on a large scale for asset management. 
 
Regardless if passive, active or semi-active tags are used for the applications 
described above, the tags used are designed to last for at least five years. Therefore the 
tags are either integrated in the item of interest or encapsulated in a sturdy housing. 
We do not believe that smart labels will be used within these applications to any 
larger extent. 

Open systems 

Profitability is a major concern for implementation of RFID in open systems. Since 
tags are not returned and reused after they have reached their end point in the supply 
chain, tag price is of paramount importance. RFID is often stated as a successor to the 
barcode system in supply chain applications. Considering that the price of an RFID 
tag never can be expected to become as cheap as printing a barcode we do not think 
that RFID will universally replace barcodes. The unique identification, reading 
without visual contact and possibility of reading multiple objects simultaneously that 
RFID can provide do not add value to all processes, and if no value is created there is 
no reason to use a more expensive technology. 
 
Since Wal-Mart, Metro and other large retail companies seem to be determined to 
expand the scale of their RFID projects it is likely that tag price will continue to drop 
as volumes increase. Other hardware, like gate readers and handheld readers are also 
likely to become cheaper for the same reason. This in turn could spur other companies 
to invest in the technology. Based on the current price level of tags we do not believe 
that the much coveted five cent tag will be available in the next three or four years. 
Even though these price levels might be necessary for item level tagging for products 
in the cheaper segment of the consumer goods industry, the tag price is less important 
when considering expensive parts in the automotive industry or tagging on pallet or 
case level.  
 
One problem with using RFID in an open system and having suppliers attach tags on 
the pallets that they deliver is that it will be necessary to make a large majority of the 
suppliers comply in order to make the system profitable. If only a small percentage of 
the suppliers attach tags the company will have to retain its current goods reception 
and warehouse system to be able to handle the non-RFID deliveries. The RFID 
system would then be more likely to introduce new costs rather than profits gained 
from increased efficiency of operations. This situation will inevitably occur during the 
initial phase of any implementation of an emerging technology when many companies 
are involved. The decision whether or not to start using a new technology then 
becomes a matter of estimating how quick the gradual adoption is likely to be and 
how large profits that can be generated when the adoption is complete. A fast 
adoption of a new technology is most likely to occur if its use becomes regulated and 
mandated by authorities. If there are no legal incentives present, the corporation that 
wants its suppliers to implement the technology has a larger chance of making them 
do so quickly if the suppliers are small and dependent on that particular customer. 
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Companies in the automotive industry are in general very large organizations. Both 
manufacturers of components and the companies assembling the components into 
vehicles have grown in size during the last decades. In some cases the supplier is 
larger than the vehicle manufacturer. The larger suppliers are also often responsible of 
the research and development of the products that they are selling, thus creating a 
strong connection to their customers. It is thereby not given that the manufacturers 
can dictate the conditions for their suppliers. Instead negotiations and discussions 
have to take place before the end producers could reshape the supply chain in such an 
extensive way, as an implementation of RFID would cause. 
 
We believe that even for open systems RFID provide potential benefits to the 
automotive industry. Goods reception and deliveries as well as warehouse operations 
can be conducted more efficiently through the further automation that RFID can 
enable. The technology has to become more stable and prices lowered before this will 
happen though. 

7.2.2 Technology 

Closed loop systems 

The communication between tag and reader can be vulnerable to environments with 
electromagnetic noise, fluids and metals in closed loop systems as well as in open 
systems. Lear’s problem with proper shielding of electric cables can be mentioned as 
an example of these difficulties. These issues are however in general less significant 
for closed loop systems since the combination of a cheap passive tag and long read 
ranges not is as necessary as in supply chain applications of open systems. Passive 
tags in closed loop systems can be made with more advanced components since the 
price of the tag is less important than when dealing with disposable tags in open 
systems. This favors the possibility of achieving the combination of a passive tag and 
a long read range. If there is a need for even longer read range it can be solved by 
using active or semi-active equipment. Once again it is the possibility of using the 
same tag over and over again for a long period of time that makes this option 
defendable from an economic point of view. 
 
Many systems for asset management are already implemented and serve as proof that 
the technology can perform in an industrial setting and not just only in the theoretical 
world. Stora Enso and SCA are using RFID to tag their load carriers in order to obtain 
accurate and easily accessible information about the location of the carriers. By 
linking each carrier to its content and automatically read the load carriers at various 
nodes of the supply chain the companies can also keep themselves informed about 
where the goods are. There is no reason to suspect that similar systems would not 
work in the automotive industry. 

Open systems 

Being able to produce cheap tags and readers that are performing well enough to be 
used in an industrial environment for automated reading of pallets and cases have 
proved to be difficult. High frequency tags have been available for a longer time than 
ultra high frequency tags and have thereby reached a higher lever of technological 
maturity. A larger variety of high frequency products, such as readers and tags in 
various shapes and sizes, can be acquired on the market today. This relationship is 
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likely to change since the retail industry has opted for ultra high frequency systems 
due to their potentially longer read range and faster data transfer rate. 
 
Intermec, the supplier for Metro’s ultra high frequency RFID system, states that 
50 000 pallets have been read at Metro’s distribution center in Unna, Germany, and 
that a read rate, i.e. the share of tags that have been correctly read, is 99 %. Although 
Intermec has an interest in presenting high read rates and we do not know exactly how 
they have defined the read rate, this does indicate that the technology can be made to 
perform outside the perfect environment of laboratories. We do not, however, 
consider this as a proof of the technology’s ability to work everywhere. Implementing 
RFID in the automotive industry could be more difficult due to the metallic contents 
of many of the products used in this industry. Being able to move pallets with mixed, 
and individually tagged, goods through a gate equipped with an RFID reader at a 
normal speed is still not possible if a near perfect read rate is required. 

7.2.3 External influence 

Closed loop systems 

As mentioned above companies can in some cases be slowed down in their 
introduction of new technologies by their parent companies. Even though no 
interaction is needed with external companies, the parent company might want to 
decide on a common standard for all subsidiaries before granting the permission to 
implement an emerging technology. Attaching RFID tags on racks in for instance 
Volvo might only involve two different plants within the company and could thereby 
be implemented without any concern of global standardization. Volvo’s parent 
company, Ford Motors, could still delay the implementation by deciding that they 
want to develop general guidelines for all companies in the corporation. Even though 
the individual systems within the corporation do not need to communicate with each 
other a common standard could be favored by the parent company to gain increased 
purchasing power or to facilitate transfer of knowledge between different companies. 
 
If a central decision to implement an emerging technology is taken it could however 
make the adoption include more subsidiaries and a wider range of applications than 
would have been the case if the subsidiaries were to make their own decisions. The 
large corporations in the automotive industry could thus first delay RFID 
implementation in closed loop systems, but then contribute to making the 
implementation include subsidiaries that would not have started to use the technology 
if it had not been for a central directive.  

Open systems 

In an open system not only an internal standard within the corporation is needed, it is 
also necessary to use a system that all suppliers will agree on using. Most of the 
suppliers in the automotive industry deliver components to more than one of the 
OEMs, and would thereby most likely demand an industry-wide standard. Since some 
of the largest suppliers, for instance Bosch, are producing goods for other industries 
than the automotive industry it can be assumed that these companies would prefer a 
global standard.  
 
Today the Odette organization is the main standardization body for the automotive 
industry in Europe. Shipping labels on pallets are standardized according to a norm 
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that has been established by Odette and are consequently referred to as Odette labels. 
If any amendment, such as the integration of an RFID tag, or alteration of the shipping 
label is to take place, Odette needs to be involved. 
 
Even though the Odette labels differ from shipping labels in other industries 
concerning the structure of the information and what information that is included, they 
can still be scanned with the same equipment as barcode labels in other industries. In 
an RFID context this would correspond to using an industry specific standard on what 
information to include in the RFID tag and a pan-industrial standard on air interface 
protocols or how the information is being transferred between tag and reader. By 
adopting this approach the automotive industry would be able to use the same 
physical infrastructure as other industries.  
 
Unfortunately there is a lack of general standards that are universally accepted. 
EPCglobal’s generation 2 standard has been adopted by the retail industry, but is 
based on the condition that only a unique product number is stored on the tag. ISO 
have developed standards for a number of specific applications, but its general 
standard for ultra high frequency systems is still under development. Odette does not 
seem to be entirely positive to EPCglobal’s wish for financial contribution in order to 
share the specifications of their standards. 

7.3 Pharmaceutical industry 
The pharmaceutical industry in general has undergone considerable consolidation 
during the last decades. The reason for this process of consolidation can be attributed 
to the huge resources needed in order to research, develop and bring a new product to 
the market. The Swedish pharmaceutical industry is highly dependent on the U.S. 
pharmaceutical market; 24,6 percent of the Swedish pharmaceutical export revenue 
originate from exportation to the U.S. This makes the main U.S. regulating body, the 
FDA, a very powerful force in deciding the future use of RFID in open systems. 
Involvement from FDA is actually impossible to avoid since drug manufacturers are 
not allowed to change a label without the agency’s approval. The FDA is now looking 
in to the possibility to use the RFID technology as a means of making it more difficult 
for counterfeit drugs to enter the U.S. pharmaceutical supply chain. If the FDA 
changes its current recommendation to start using RFID into a mandatory regulation, 
it will then affect all pharmaceutical companies that are exporting drugs to the U.S. 
The Swedish and European pharmaceutical companies simply have to follow 
regulations from the FDA in order to gain access to the U.S. pharmaceutical market. 

7.3.1 Profitability  

Closed loop system 

The incentives for introducing RFID in a closed loop system in the pharmaceutical 
industry are rather similar to those for the automotive industry. Asset management can 
be improved by obtaining better control of the movement of the assets and automatic 
detection of assets can decrease registration times.  
 
The number of pilot projects on, or live implementations of, closed loop systems in 
the pharmaceutical industry is, however, much lower than in the automotive industry. 
The pharmaceutical industry does not need the same kind of reusable assets, for 



Analysis  

70 

instance racks, to handle their products. There are no bulky or irregularly shaped 
subcomponents that need to be transported in or between plants. The smaller number 
of assets thus leads to a smaller need of improvements in asset management.  
 
One example of a closed loop system can be found in the Swedish pharmaceutical 
distributor Kronans Droghandel (KD) that today is using 30 000 RFID tagged plastic 
boxes. The boxes are individually packed with drugs ordered by the pharmacies and 
then returned to KD to be reused. KD uses the RFID system to control and manage 
the boxes as they move along the picking stations on a conveyor belt. KD have not 
done any direct profitability calculation but according to the logistics manager at KD, 
Claes Olsson, the RFID solution have generated a better visibility and control of the 
box flow through the supply chain. 

Open system 

To calculate the profitability of an RFID solution for the Swedish pharmaceutical 
companies in a quantitative way is almost an impossible task. It is fairly 
straightforward to calculate the costs of an RFID implementation for respective 
company, but to value the benefits is more complicated.  
 
From our point-of-view the pharmaceutical companies can either consider a future 
legislation forcing drugs to be marked with RFID tags as a pure cost necessary to be 
able to access the U.S. pharmaceutical market or they can integrate the RFID into 
their own processes and use it to create an internal benefit.  
 
Companies that treat RFID only as an entry ticket to the U.S. market can calculate 
their profit by simply adding the cost of the RFID implementation to the cost of sold 
goods and compare the aggregated cost to the revenue created by the U.S. sales. On 
the other hand, by integrating RFID into the supply chain the companies would be 
able to generate other improvements that could increase the profitability, for instance 
through better warehouse management, productivity and brand protection.  
 
If the RFID tags, and the electronic pedigree system that they will enable, can reduce 
counterfeiting there is a possibility that more authentic drugs will be sold instead of 
counterfeited ones. Another area where the pharmaceutical companies can gain 
extensive savings with an RFID solution is the managing of recalls. With the help of 
RFID the companies can easier isolate the batch that needs to be recalled (see chapter 
6.3.2 for more information about recalls). 
 
The focus on a continuous and never-stopping flow of materials that can be seen in 
the automotive industry cannot be found in the pharmaceutical industry. The thorough 
checks and inspections that ingredients as well as ready products must undergo as 
they move through the pharmaceutical supply chain will have to be conducted 
regardless of an RFID implementation. The comparatively small savings in 
throughput-time that RFID could allow would probably not be any of the main 
incentives to carry through an implementation of RFID. We believe that the logistical 
benefits alone are not considered to be large enough by the pharmaceutical companies 
to make them start using RFID in an open system on a voluntary basis. 
 
Companies might however be willing to tag products that are frequent targets of 
counterfeiters, mainly as a way of avoiding the badwill and safety risks that fake 
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drugs can cause. Among the drugs that will soon be or already have been tagged are 
Pfizer’s Viagra, one of the most counterfeited drugs in the world, and OxyContin, a 
pain-control narcotic manufactured by Purdue Pharma that has become one of the 
most abused medicines in the U.S.  
 
The Swedish distributors of pharmaceuticals, KD and Tamro, do not see that they will 
benefit from a future FDA regulation forcing Swedish manufacturers to tag their 
drugs with RFID. They believe that this regulation would be unlikely to include all of 
the products that they are handling since they do not only distribute. Thereby they 
would have to have two parallel systems in order to take care of both tagged and 
untagged products. 

7.3.2 Technology 

Closed loop system 

The technology in use in a closed loop system in the pharmaceutical industry is rather 
similar to the automotive industry. The pharmaceutical industry differs from the 
automotive industry when it comes to the production environment. The need of tags 
that can withstand a harsh industry environment is not as high as in the automotive 
industry.  
 
Kronans Droghandel, KD, is using low frequency tags that are embedded into the 
boxes with a read range of about five centimeters. KD has not had any problems with 
malfunctioning tags or boxes that are not being read accurately.  
 
The experiences gained from KD’s RFID system reinforces our view that RFID can 
be reliable in an industrial setting when there is no need for long read ranges or when 
more expensive tags can be used due to a longer period of use for each tag. 

Open system 

What kind of technology that will be used in an application regulated by the FDA has 
not been settled. According to the material released by the FDA it is however likely 
that the FDA will recommend the use of ultra high frequency tags complying with 
EPCglobal’s generation 2 standard.  
 
One of the problems to solve before an RFID solution can become a reality is how to 
store the data generated by the tags. The alternatives are either to store the data in a 
central database under control by the FDA or to allow each company to store their 
own information, and making it accessible to other nodes of the supply chain. Since 
every sold drug would be registered in this kind of database it is doubtful if the 
pharmaceutical companies are willing to have this kind of sensitive information stored 
in a central database. By having each company store the information linked to their 
own drugs locally the companies can decrease the risk of leakage of information to 
other competing companies. The difficulty with this kind of solution is that the 
information still would have to be made accessible by all parts of the supply chain.  
 
Another question is for how long time the data should be saved and the unique 
identification number be reserved. If the data is deleted and the identification number 
is made available to other drugs at the same time as the end customer buys the product 
in the pharmacy, it would be impossible to manage recalls efficiently or to access the 
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electronic pedigree if the drug was later found to be counterfeit or of bad quality. If 
the FDA regulates that the information will have to be stored for instance for a month 
after the drug was sold to a consumer the amount of stored data could be difficult to 
handle.  

7.3.3 External Influence 

Closed loop system 

As in the automotive industry the pharmaceutical companies are becoming larger and 
larger, and this often results in less agile organizations. Even if the companies have no 
interaction with other companies, they are still interested in implementing an RFID 
solution that is complying with some kind of standard in order to be able to lower the 
hardware cost and to increase the likelihood of finding compatible components if the 
system needs to be upgraded or expanded. 
 
Smaller companies might be more agile and able to implement an emerging 
technology more quickly, but it is not certain that they have any processes where 
RFID could provide benefits. Vitrolife can for example not identify any potential 
applications where RFID could be used in a closed loop system in their company. 
They are only using disposable crates and packages when distributing their products 
since it would be too expensive to have a return flow when they are exporting most of 
their products.   

Open system 

Since the U.S. pharmaceutical market is the largest in the world the FDA becomes 
one of the most powerful organizations in the pharmaceutical industry. If the FDA 
decides to demand RFID tagged pharmaceuticals in the U.S. pharmaceutical supply 
chain, the manufacturers have little choice but to follow these demands. The FDA is 
thus the key factor for a widely spread RFID implementation in the pharmaceutical 
industry. The Swedish equivalent to the FDA, Läkemedelsverket, could also exert the 
same kind of influence over pharmaceuticals sold in Sweden, but so far no public 
statements on the RFID technology has been made. We find it unlikely that 
Läkemedelsverket would announce any intention to recommend RFID in the near 
future since counterfeit drugs constitute a negligible problem on the Swedish market 
today.  
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8 STRALFORS BA LABELS ANALYSIS 
In this chapter the Stralfors BA Labels opportunity to enter the RFID market will be analyzed. 

At the end a brief recommendation for how Stralfors BA Labels should continue their 

progress of developing an RFID solution will be presented. 

 
As we see it, Stralfors BA Labels has two alternative approaches to enter the RFID market. In 
the first alternative Stralfors BA Labels would sell only the hardware, i.e. tags and readers, 
directly to companies who wish to build the systems themselves or to integrators that will 
offer complete systems to end customers. The other option is to take part in the system 
integration and together with other business areas within the Stralfors group offer a complete 
solution, comprising not only the hardware but also the middleware and the integration of the 
RFID system with the client’s ERP system. 
 
In order to understand Stralfors BA Labels options and the properties separating different 
applications it is essential to be familiar with the distinction between closed and open RFID 
systems. In a closed loop system the tag is being used multiple times for the same operation, it 
is thus reused. A typical example of a closed system is when tags are attached to containers 
and used to track the movements of the containers. As the container is returned to its point of 
origin and once again filled with goods, the tag will once again pass the same reader for the 
same purpose, to register when the container left the company. In an open system the tags are 
never read twice at the same reading area for the same purpose. A tag could for instance be 
attached to a cardboard box as it leaves a supplier, be read as it exits the company and then 
during following operations on its way to the customer. As the receiving company discards 
the box, the tag is also ending its journey. In the closed loop systems tags are normally 
expected to have a long lifetime and be resistant to all kinds of environmental influence that 
the tag will be exposed to. As an effect of this desire and the decreased importance of tag 
price for a tag that is being reused, it is normal that tags in closed loop systems are 
encapsulated in a shock-absorbing housing. If longer read ranges, and thereby also active tags, 
are needed the power supply for the tag is also integrated in the housing. In an open system, 
where tags will not be reused, tags need to be cheap unless large savings can be obtained from 
the tag’s single passing through the supply chain. Smart labels are for this reason, together 
with the ability to easily print visible information on them, the most popular alternative for 
using RFID in open systems. 
 
Stralfors BA Labels has a thorough knowledge about and experience from printing labels and 
has also conducted small-scale research and development of smart label applications. Even 
though the company has technical competence on RFID it has not worked with encapsulated 
tags, and do have the intention to get involved in closed loop systems. Since active tags can 
have a lifetime of up to seven years and passive tags that are being reused and properly 
encapsulated could last for even longer periods of time, the sale of a closed loop RFID system 
would generate a one-time revenue. Stralfors’ business concept favors customer relations and 
sales of a repetitive nature, which means that an open system where new tags are constantly 
needed is more appealing. 

8.1 Complete Stralfors RFID solution 
In this approach Stralfors BA Labels or Stralfors Group offers an RFID package by using the 
competence gathered in different business areas of the Stralfors Group. In this approach 
Stralfors BA Labels acts as a hardware supplier, in the beginning of the implementation 



Stralfors BA Labels Analysis 

74 

Stralfors BA Labels construct the RFID infrastructure, including readers, printers and the 
connection between the readers and the host system, at the customers’ facility. When the 
infrastructure is in place and the system is up and running, Stralfors BA Labels continues to 
be a smart label supplier. 
 
The problem with the large information flow that is typically generated by an RFID system 
and the integration with the customer’s ERP system can be solved by using the knowledge 
that Stralfors TradeCom Solutions possesses. Stralfors TradeCom Solutions normally 
constructs and delivers middleware serving as a translator of information between companies 
ERP systems and plug-ins, and thus has the competence needed to link the RFID host to the 
company’s ERP system. The communication between companies using the Stralfors RFID 
solution can be carried out by Stralfors BA Information Logistics by utilizing their EDI 
server. In this approach three different Stralfors companies are integrated to manage the 
responsibility for the entire solution.  
 
By offering this kind of solution more value adding processes will be kept within the Stralfors 
Group. Stralfors BA Labels would receive a more solid position as a hardware supplier since 
the customers would be tied closer to the Stralfors Group. This would mean that Stralfors BA 
Labels would be less vulnerable to price competition from other vendors of hardware as 
compared to the alternative where Stralfors BA Labels only is acting as a hardware supplier. 

8.2 Stralfors BA Labels as a hardware supplier 
Instead of being a part of an RFID solution comprising other business areas of Stralfors 
Group, business area Labels could sell smart labels, printers, readers and writers to companies 
that take care of software integration themselves or form some kind of joint operation with an 
integrator. The advantage of this approach would be that Stralfors BA Labels could start 
selling products more quickly compared to the case when a Stralfors Group solution would 
have needed to be formed. At the initial stage the resources in terms of people and 
competence within Stralfors might not be available, and it could therefore be beneficial to 
seek external partners.  
 
We would recommend Stralfors BA Labels to involve other business areas within the group 
instead of looking for partners outside Stralfors. A whole concept would probably be easier to 
sell, and potential customers would have more confidence in knowing that the system is 
delivered by one company than having to fear that independent companies could blame each 
other in case of problems.  

8.3 Stralfors BA Labels and the automotive industry 
Since Stralfors BA Labels’ focus and competence lies within labels and repetitive business, 
the RFID area of primary interest is concepts that involve smart labels. The company is today 
experiencing that applications where a large degree of customization is needed are providing 
the highest margins and the best possibility of establishing a competitive advantage. Stralfors 
BA Labels strengths are not being utilized to the same extent in an environment asking for 
highly standardized labels. 
 
We believe that the automotive industry will increase its use of RFID in closed loop systems 
while large-scale applications for open systems still are far away. The possibility for Stralfors 
to sell RFID systems based on the use of smart labels is limited for closed loop systems. 
Tracking of reusable assets will typically involve active tags that due to their inclusion of a 
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power source and more complicated circuitry will not be able to be integrated in a smart label. 
Even though a smart label will have enough performance to be used to tag reusable assets, the 
nature of the multiple usage of the label makes those applications less appealing to Stralfors 
BA Labels. 
 
In an open system there is a constant need for new tags, and that is something that favors the 
comparatively cheap smart labels. Large-scale applications where RFID is replacing barcodes 
and works as a means of identification for all kinds of goods in the supply chain are still 
distant. The difference in price between a barcoded label and a smart label will remain large 
in the foreseeable future, and this makes us believe that RFID will not completely replace 
barcodes. The added benefits of increased automation and visibility coupled with the 
progression of the RFID technology will however lead to a gradual adoption of RFID in open 
systems. Because of the intricate decision-making process in the large organizations that are 
dominating the automotive industry and the need for involvement of standardization 
organizations such as Odette, it is likely to be a slow process. One possible area of early 
adoption of RFID in an open system could be to allow better tracking of spare parts and 
returned goods. Volvo’s problem with their return flow of painted bumpers could be 
mentioned as one example of a product that could benefit from RFID tagging. From Stralfors 
point of view one risk with individual tagging of products is that the producing company 
could chose to integrate RFID in the product instead of using smart labels. The co-existence 
of barcodes and RFID that the large price difference and gradual adoption will lead to can 
present a business opportunity for Stralfors. The knowledge about how to integrate barcode 
systems to ERP systems can be used and expanded to comprise integration of the RFID 
system as well.  
 
If a decision to include an RFID tag in the Odette label would be made, it would also turn this 
kind of smart label into a strictly standardized item that could be sold by a multitude of 
companies. Helping smaller and mid-sized suppliers to implement and integrate RFID could 
still be of interest to Stralfors. Odette labels themselves would most likely not provide any 
large margins. Even though Stralfors BA Labels could do the integration of inlay (i.e. antenna 
and chip) with the substrate and overlay, this would be done much more cost effectively for 
large series by the chipmakers themselves. Stralfors BA Labels would ideally find an 
application where there would be a need to make a high quality print on the smart label. 

8.4 Stralfors BA Labels and the pharmaceutical industry 
Contrary to the automotive industry we do not expect to see any widespread implementation 
of RFID in closed loop systems in the pharmaceutical industry. The reason for this can be 
attributed to the nature of drug production where there is not a comparable number of 
reusable assets involved. The products are smaller and no irregularly shaped sub components 
need to be moved from one plant to another. We also assess the focus on supply chain 
management to be less pronounced in the pharmaceutical industry than in the automotive 
industry. This makes the industry less prone to quickly embrace emerging technologies within 
the supply chain area. 
 
Implementation of RFID in open systems is to a large degree dependent on future actions by 
the FDA. Even though pharmaceutical companies see a value in finding countermeasures 
against counterfeiting that would allow them to increase their sales, we do not think that the 
companies have the ability to affect the entire supply chain or that they see large enough 
financial advantages to try to do that. The FDA has, as the regulative authority for the world’s 
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largest pharmaceutical market, enough power to enforce the creation of a more secure supply 
chain. Since a significant share of the total sales of the pharmaceutical companies with a 
production in Sweden originates from the U.S. market any action by the FDA will invariably 
affect these companies. The FDA is today recommending the use of RFID and expects that 
RFID is in widespread commercial use in the pharmaceutical industry by 2007. We find it 
likely that a mandate that will dictate the use of RFID on an item level will be issued. It is 
difficult to estimate when this might happen, but we do not expect such a regulation 
comprising all pharmaceuticals exported to the U.S. to be in effect before 2008. Popular 
targets for counterfeiters may however be required to be tagged at an earlier stage. 
 
Item level tagging of pharmaceuticals would most likely take place through the use of smart 
labels, at least for plastic containers where printed labels are already used. Labels are not used 
on paper cartons, and printed smart labels would not be used for RFID tagging. Instead the tag 
could be integrated in the carton as it is manufactured. This segment of pharmaceuticals 
would thus not be interesting from Stralfors point of view. Stralfors BA Labels is today 
supplying pharmaceutical companies with labels, and would through these contacts and the 
experience gained be well equipped to provide smart labels for the pharmaceutical industry. 

8.5 Recommendations 
The recommendations that we suggest are based on the material presented in the thesis and a 
number of interviews with employees at different business areas of Stralfors Group. We are 
aware that there are aspects influencing the proper course of action for Stralfors BA Labels 
that we have not taken account of, and the suggestions here presented should be treated with 
that knowledge.  
 
The RFID area has been undergoing quick changes during the last years both when it comes 
to the development of the technology and different standards and as a result of the emergence 
of mandates from companies and authorities. The number of implementations will gradually 
increase, although extended usage of RFID in open system still is far from imminent. Since 
we believe that the rapid development will not slow down, Stralfors BA Labels should 
continue to keep themselves informed about what is happening with the RFID technology and 
how the automotive and the pharmaceutical industries are reacting to these developments. We 
also recommend Stralfors BA Labels to follow the adoption of RFID within other industries 
than the two that are under focus in this thesis. Applications involving RFID that would suit 
the competence in Stralfors BA Labels might exist in industries where the company not has 
been able to find as appealing applications for normal labels. Other industries might also start 
using RFID earlier and could thereby provide an environment where Stralfors could develop 
their RFID system. 
 
In order to increase the understanding of RFID in an industrial environment and to identify in 
what areas competence is lacking we recommend Stralfors BA Labels to start using RFID 
internally. Suppliers could be asked to attach RFID tags on incoming material to allow for 
testing of different solutions for RFID in goods reception and inventory management. To find 
an application that instantly would provide financial benefits is not that important since the 
primary purpose of an in-house RFID system would be to serve as a foundation of the 
company’s knowledge about the technology. Unforeseeable problems could be identified and 
solutions to these tested and the collaboration between Stralfors BA Labels and Stralfors 
TradeCom Solutions could be initialized.  
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9 CONCLUSION 
Based on both the analysis of the pharmaceutical and automotive industry and the analysis of 
the RFID technology we have identified three factors for an RFID implementation in the two 
industries mentioned. We have chosen to present these main factors as profitability, 
technology and external influences. The individual importance of one factor compared to the 
others varies depending on industry and application. In the automotive industry RFID is 
already used in closed loop applications, mainly for asset management and to secure the 
quality of assembly processes. The technology has proved to be working as intended, either 
due to low requirements of read range or by using active tags. Since the same tags can be used 
up to seven years, the high tag prices do not seem to eradicate profitability. Each closed loop 
system often only involves one company, which can explain why RFID can be implemented 
for these applications even though the standardization process has not been finished. External 
influence can still be present through parent companies that wish to establish enterprise-wide 
directives before letting any individual company implement an individual solution. For open 
systems, where the tags are only used once in each stage of the supply chain, the situation is 
completely different. The uncertainties in the profitability caused by the constant need for 
replenishment of tags and the complex cost estimation for implementing and integrating the 
system, is slowing down the adoption rate. Open systems do usually involve at least two 
companies, and this is making the existence or absence of standards more important. In the 
European automotive industry the Odette organization is a key player in standardizing the 
information transfer structure. Although Odette has started investigating RFID, a standard is 
still distant. The nature of open systems to involve many companies is also delaying 
implementation; the more companies that are participating the larger the benefits can be, but 
more participants are making the decision and start-up process more complicated. The 
technology is still very sensitive to environmental disturbances and there are doubts regarding 
the performance of the cheap passive tags used in open systems, especially so in Europe 
where regulations regarding reader output power are stricter than in for example the U.S. Our 
belief is that the automotive industry will see implementations of RFID in closed loop 
systems continue to increase while RFID will not be used for large scale applications in open 
systems during the next few years.  
 
In the pharmaceutical industry the use of RFID will be governed by other incentives than in 
the automotive industry. External influence can prove to be the most influential factor in open 
systems in the pharmaceutical industry due to the power of the U.S. Food and Drug 
Administration, FDA. The FDA is considering RFID one of the most promising techniques to 
secure the drug supply and eliminate counterfeited drugs. This would be achieved by 
attaching an RFID tag on each pharmaceutical entering the U.S. supply chain and thereby 
create a possibility to track individual packages as they move from producer to pharmacy. 
The FDA is today recommending the use of RFID and has put forward a time plan according 
to which most pharmaceutical packages will be tagged in 2007. If voluntary adoption will not 
take place, we believe that the FDA will mandate the use of RFID on products sold in the 
U.S. In that case all pharmaceutical companies exporting drugs to the U.S. will have to follow 
this mandate. Profitability would be of minor importance compared to the increase in 
consumer safety that the FDA is anticipating. It is still necessary that the technology can 
deliver the functionality that the FDA would be demanding from this system. Individual 
tagging of pharmaceuticals would put high requirements on RFID readers to allow for 
multiple reading of tags. It is uncertain if today’s technology would be able to achieve this. 
Pharmaceutical companies will also be keen on seeing the prices of tags continue to fall 
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before making any large commitment to the technology. When it comes to closed loop 
systems pharmaceutical companies can use RFID on the same premises as companies in the 
automotive industry. Even though RFID is used for asset management purposes by for 
instance Kronans Droghandel, the amount of assets that could benefit from RFID tracking is 
considerably smaller than in the automotive industry. 
 
Based on the Stralfors BA Labels analysis we find that the best way for Stralfors BA Labels 
to enter the RFID market is by offering a complete Stralfors RFID solution. By developing 
this kind of solution three different business areas within the Stralfors Group are 
collaborating. We believe that Stralfors should concentrate on specific RFID solutions, where 
the customer demands a unique solution. We think that the next step for Stralfors BA Labels 
in the context of RFID would be to conduct an in-house pilot project where they can develop 
and improve the knowledge of the RFID technology. In this in-house pilot project we would 
recommend Stralfors BA Labels to involve Stralfors TradeCom solutions so the collaboration 
between the two business areas can be improved. 
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APPENDIX 
 

Appendix 1 
 
Namn: 
 
Företag: 
 
 
 
Hur fungerar er försörjningskedja idag? 
 
 
Vilka kunskaper har ni om RFID tekniken? 
 
 
Vilka problem har ni i er försörjningskedja idag? 
 
 
Tror ni att RFID är en teknik som kan lösa era eventuella problem? 
 
 
Vilka möjliga RFID applikationer ser ni inom ert företag? 
 
 
Vilka möjliga RFID applikationer ser ni inom er bransch? 
 
 
När tror ni att RFID kommer vara en teknik som används inom ert företag? 
 
 
När tror ni att RFID kommer vara en teknik som används inom er bransch? 
 
 
 
 


