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Abstract 

The purpose of this final thesis is to develop a model for justification and evaluation of 
RFID technology. RFID is a new, relatively untested, technology using radio signals for 
automatic identification of different objects. Our theoretical frame of references focuses 
on research about RFID and implementation issues, we also conducted case studies and 
interviews in order to learn about RFID. Most RFID installations of today are Pilots or 
early adopters wanting to try new technology. A lot of the written sources were reports 
from consultancy firms or suppliers of technology. 

The task from IKEA was to improve visibility over certain handling material used for 
customer orders while also gaining knowledge and experience from RFID technology. 
The empirical study was a case study at the IKEA Customer Distribution Center (CDC) in 
Torsvik. A mapping of the current situation at the CDC was conducted in order to 
perform a Pilot for evaluation of the RFID technology. The Pilot, justified by a Cost 
Benefit analysis, was split into two main parts; structured analysis of different scenarios 
as well as qualitative analysis.  

Implementing RFID in real environment gave important insights into potentials and 
limitations of the technology. It proved that it is difficult to achieve sufficient readability 
in a steel environment. We also learned that one should not underestimate the time for 
installation and tuning in order to meet higher readability. The project finally resulted in 
an iterative model for justification and evaluation of RFID technology. 
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1 Introduction 
This chapter provides the reader with a brief introduction to why this thesis was written. 
The chapter describes the background, purpose and scope of the project. 

1.1 Background 
IKEA is a well-known multinational company in the furniture industry. Its unique and 
simple business idea is to supply high quality furniture at the lowest possible price to the 
many people. Important for success is an efficient and lean supply chain from raw 
material and production to the end consumer. In order to meet customers’ needs a 
customer distribution concept has been developed. IKEA has developed its own handling 
material, to be used in the Customer Distribution Centres (CDC), that is both stackable 
and collapsible – the CDC container. The major advantage of using this container is that it 
increases the filling rate of the truckload since it is stackable. By being collapsible they 
can also be returned to IKEA in an efficient manner when goods have been distributed to 
the customer. 

After implementing the CDC containers IKEA has discovered that they are loosing a 
significant number of these units. There are several implications by the loss of these 
handling materials. First and most important is the cost of purchasing new containers 
since a container is expensive. Second, since containers disappear the shortage of 
handling material is a problem given that the replacement carriers is EUR pallets which 
provides a lower filling rate than CDC containers. There is also lack of visibility of the 
CDC container that leads to uncertain information about the balance of containers 
returned and containers available. 

In recent years there has been major improvement in different techniques for automatic 
identification of such handling materia ls. Radio Frequency Identification (RFID) is a 
radio-based technology where a reader receives a signal from a tag attached to traced 
goods. Basically it works as barcodes, without line of sight needed. There are, however, 
further possibilities with this relatively untested technology in different application areas. 
Closed loop systems, like handling materials in a distribution centre, is well suited for use 
of RFID technology since the equipment will be returned providing a more cost efficient 
solution. 

1.2 Purpose  
The purpose is to develop a model for justification and evaluation of RFID technology on 
handling material at IKEA Customer Distribution Centre. 
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1.3 Scope 
The scope was set after discussions with IKEA and with our supervisors from both 
Linköping Institute of Technology and Accenture. IKEA expressed that the thesis would 
be based on a case study regarding the CDC container in the Customer Distribution 
Centre in Torsvik. The CDC serves area DS North (Distribution Services North), which 
includes Sweden, Norway, Finland and Denmark. 

IKEA further stated that the technology used to increase visibility of CDC containers 
would be RFID. This since IKEA discovered the potentials in RFID technology and 
therefore set the scope to only cover RFID. This is partly justified by IKEA’s need for 
better knowledge and experience regarding RFID. IKEA’s contribution to the scope are 
summarised below: 

• To improve visibility of CDC containers at CDC Torsvik 

• Using RFID technology to track the CDC Containers  

The scope regards only the direct RFID considerations (i.e. frequency, tag- & reader-  
configuration etc) and not the Enterprise Resource Planning (ERP) system, Warehouse 
Management System (WMS) or interfaces and middleware considerations. This is due to 
the limited time frame. 

1.4 Reading Guide 
This is a master thesis aiming to develop a model for justification and evaluation for 
RFID technology on handling material. This project has had several stakeholders with 
different points of view and different readers might be interested in different parts of this 
document. This master thesis has to satisfy both academic and IKEA stakeholders why 
the first part is more focused on academic issues and the second part presents the 
conclusions where IKEA stakeholders will find the most interesting parts. Since RFID is 
relatively unknown to most people we have tried to provide with a comprehensible, easy 
accessible, fast guide to RFID that can be read, free-standing from the document as a 
whole, in chapter 3.4 RFID – Applications and forward. 

1.5 Disposition 
Chapter one  provides the reader with a brief introduction to why this thesis was written. 
The chapter describes the background, purpose and scope of the project. 
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Chapter two  presents a description of the IKEA business as a whole, in order to give the 
reader better understanding of the case. This chapter will also describe the specific 
function addressed and will uncover some of the problem that exists. 

Chapter three provides a frame of references for the research study. The first part will 
cover distribution logistics and the second part will describe automatic identification and 
issues regarding RFID in particular.  

Chapter four contains the definition of the task. In order to fulfil the purpose the task 
will be defined and decomposed into specific research questions. Firstly the studied 
system is described with regards to internal processes. Thereafter the research questions 
will be designed from a purpose perspective. 

Chapter five describes our approach to the thesis. Methodology, sequence of work and 
quality of research study will be described and provides the reader with an understanding 
of how this project was approached. 

Chapter six describes two case studies conducted on previous RFID implementations. 
Svalöv Weibulls site in Landskrona and Arla Distribution Centre in Jönköping was visited 
in order to gain knowledge and experience from RFID installations. 

Chapter seven describes the IKEA case at the Customer Distribution Centre in Torsvik. 
The chapter is divided into three parts; the CDC container, site and processes. The 
mapping will form a base for the proposed RFID solutions in the next chapter.   

Chapter eight will present proposed RFID solutions, which will be tested and evaluated 
through a Pilot. Technical and functional aspects are covered and a Cost Benefit analysis 
is presented to justify the implementation. This chapter will form the foundation for the 
Pilot. 

Chapter nine  describes the Pilot used for evaluation of different RFID set-ups. The Pilot 
set-up and practical issues are describes as well as results and experiences from testing the 
RFID technology.  

Chapter ten presents the final conclusions of the project. The model for justification and 
evaluation of RFID technology will be presented. 

Chapter eleven presents further areas of investigation that have been identified. These 
will be presented with regards to the next steps for IKEA in this project, further use of 
RFID within IKEA and potential further academic research. 
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2 IKEA 
In order to give the reader better understanding of the case we provide with a description 
of the business as a whole as well as a brief description of the IKEA distribution. 

2.1 History of IKEA 
IKEA is one of the largest retailers in the world within the area of home furniture 
products. IKEA was founded in 1943 and the name IKEA was formed from the founder, 
Ingvar Kamprad, plus the first letters of Elmtaryd and Agunnaryd, the farm and village 
where he grew up. Initially IKEA sold pens, wallets, picture frames, table runners, 
watches and nylon stockings. Any need that could be met with a product at lowest 
possible price was in the founder’s interest. (Internet 1, 2004) Later, the focus increased 
towards home furniture in which area IKEA has become one of the major players in the 
world. IKEA’s main objective is to create a better everyday life to the many people  and this goal 
is met by offering a wide range of home furniture at low cost making them affordable for 
as many people as possible. 

The first IKEA-catalogue, which is a trademark and an important marketing channel of 
the company, was distributed in 1951 and the first store opened in 1958 is located in 
Älmhult, Sweden. Today the catalogue is distributed in over 131 million copies and there 
are 200 stores worldwide, as of September 2004. IKEA became an international company 
in the sixties when entering Norway. During the seventies IKEA took the step into central 
Europe by establishing a store in Switzerland, which was considered to be the most 
difficult market to enter. If IKEA could enter the Swiss market any market would be 
possible to conquer. Today, IKEA is represented in 32 countries on four continents; 
Europe, Asia, North America and Australia. Germany is IKEA’s largest market with 
approximately 20 percent of total sales and UK is second with approximately twelve 
percent. The American market is third, expanding rapidly as well as Russia and China. 
Sweden is number five representing eight percent of total sales. 

During the growth of IKEA, Ingvar Kamprad has been the sole leader and did not step 
back until the age of 60 in 1986. Although he is retired, as a senior advisor he still has a 
veto in issues concerning the product range and still highly involved in decisions made 
within IKEA. His leadership and personality have had a strong impact on IKEA’s 
corporate culture, an example is that employees are considered to be a part of the “IKEA-
family”. 
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IKEA 2003 had a turnover of approximately 12 billion USD and employs over 80 000 
people. The IKEA pipeline today consists of Range, Trading, Distribution and Retail. 

2.2 Products 
IKEA sells home furniture including everything from coaches, beds and shelves to 
complete kitchens and bathrooms. IKEA’s main objective is to sell high quality products 
to the many people with products in several different price segments. Every product group 
contains at least one very price worthy product, which is referred to as a hot dog, back-off 
products or Breath Taking Items (BTI). A hot dog is a product with a widely known 
market price, just like a hot dog, that IKEA provides at a price so low anyone can buy it. 
IKEA’s products are segmented into the following business areas: 

• Seating and Reclining 

• Organize, Store and Display 

• Sleeping and Storing 

• Kitchen and Dining 

• Work IKEA 

• Lighting 

• Textiles 

• Cooking and Eating 

• Home Organization 

• Children’s IKEA 

• Oasis 

2.3 Organization 
The IKEA group is owned by a foundation, Stiching Ingka Foundation. Mr. Kamprad 
established this foundation in order to ensure survival of the company and has been very 
accurate in his strategy to make it impossible for someone to take financial control over 
the company. The foundation is based in Netherlands and controls the parent company of 
IKEA, Ingka Holding B.V. that in turn controls all the companies within the IKEA group.  

Inter IKEA Systems B.V. is the company that controls all franchise activity within the 
IKEA group and possesses the ownership of the IKEA concept and trademarks. Inter 
IKEA Systems B. V. has agreements with all stores worldwide and IKEA Group is their 
biggest client with 89 percent of all stores. 
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Picture 2-1. The IKEA Organization. 

2.4 The IKEA Pipeline 
The IKEA group is divided into three different business functions: Global purchasing, 
Product and range development and Sales. Distribution is consistent through all business 
functions, thus a major support function to the three business functions. 

Global
Purchasing

Sales
Product

and range
development

Distribution

Global
Purchasing

Sales
Product

and range
development

Distribution
 

Picture 2-2. The IKEA pipeline. 

Global purchasing handles all matters with suppliers such as selection, evaluation and 
purchasing decisions. IKEA has approximately 1600 suppliers in 55 countries, 
approximately two thirds are located in Europe. China is an emerging market regarding 
supplier selection for IKEA and represents 18 percent of all suppliers. 

Product and range development is responsible for the development of new products. Price 
awareness together with functional design, environmental issues, quality and distribution 
compatibility is core issues when designing products. Both internal and external designers 
are involved in the process and it is important to meet requirements from the entire 
pipeline during the design process in order to meet efficiencies. 
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Sales is responsible for all activities concerning the customer and includes activities from 
store display to marketing channel strategies. The catalogue is the most important 
marketing channel with 131 million copies printed worldwide.  

Distribution goes through all three business functions and is a very important piece of the 
puzzle for IKEA’s strive for low prices. IKEA has one of their trademarks within 
distribution with their invention of flat packages. An efficient  supply chain from supplier 
to end customer is necessary to provide secure lead times, efficient handling and 
competitive prices. Since the focus of this thesis will be in the area of distribution this will 
be covered in more depth than other parts of the pipeline. 

2.5 IKEA Distribution Strategy 
As stated above IKEA is separated into a number of different functions. Distribution is 
crucial in order to reach overall IKEA goals; growing in going units, low total cost and 
high customer product availability. Historically IKEA has not provided the customers 
with high and stable service levels at all times of the year. Logistic costs have increased 
and eliminated the positive effect of reduced purchase prices. Today, IKEA is working 
according to a holistic view of the total supply chain process from supplier to customer, 
goals are to become leaner, simpler and quicker. Distribution’s main objective is: “The 
IKEA “range offer” to be available at all times in all stores and to all customers, with 
lowest total IKEA supply cost at the point of sale”. (Internet 2, 2004) 

The general IKEA distributions approach aims to see improved availability as a growth 
potential, to see the Supply Chain as a ONE IKEA integrated process independent of 
organizational and functional boundaries, with the customer in focus. IKEA aims to 
consider the total supply cost, including purchase price and distribution cost, when taking 
sourcing and distribution decisions. The basic IKEA demands, such as a secured product 
quality and to continuously reduce the environmental impact of the IKEA operations, are 
seen as preconditions for the business. 

Potentials seen in the supply chain are more efficient and flexible range and more 
efficient packaging. Decreased purchase prices, as well as globalization with total supply 
cost in focus, are also important issues to address. IKEA aims to reduce transport prices 
and increase transport efficiency. Other important opportunities are improved forecast 
quality, thus improving capacity planning and utilization. The supply chain development 
will also lead to improved flexibility to adapt to unique conditions, at supplier and in the 
store. Clear communication and information within the supply chain and improved order 
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and distribution methods are crucial. A central issue is higher turnover rate in goods flow, 
in order to increase sales. 

Distribution within IKEA is contributing to five main strategic areas: Range, supplier, 
supply chain management, distribution and store related. This report focuses on supply 
chain management and distribution. (Internet 2, 2004) 

2.5.1 Supply Chain Management at IKEA 
All parts of IKEA currently work towards the goal ONE IKEA, thus ONE DS 
(Distribution Service). Supply management and operations aims to increase capability and 
competence in order to work in one integrated supply chain. In order to meet reduced lead 
times, better correlation between supply and demand and reduced handling, order and 
distribution set-ups continuously strive towards more efficient and customized supply set-
ups between supplier and customer. Customer Order Distribution (COD) is a significant 
part of IKEA’s sales. In order to fulfill demands on customers’ expectations on 
convenience shopping with short lead-time and delivery precision IKEA is introducing 
and implementing a global, cost efficient COD set up. Moreover IKEA is developing a 
Business Integrated IT information structure. This will provide with transparency, 
visibility and real-time information in the entire supply chain, hopefully increasing 
efficiency. 

2.5.2 Distribution at IKEA 
Distribution at IKEA aims to develop a generalized, competitive quotation and best buy 
process for transport purchase. More focus is put on transport efficiency for carriers, 
which also includes increased integration with long term carriers. A renewed approach to 
the IKEA distribution area, which includes the location and size of DC’s and placing of 
buffer stocks, will be implemented. There is also a continuous work on leaner, simpler 
and quicker, ways of administration and handling in the supply chain with focus on speed, 
precision and flexibility. 

2.6 DS-North  
Distribution at IKEA is organized in 8 different distribution service areas, serving 27 
distribution centers (DC) worldwide. A distribution center is a warehouse with goods 
inventory from all over the world. DCs are located close to the sales markets and there are 
two in Sweden, one in Torsvik and one in Älmhult. This is to ensure internal competition 
as well as short and stable lead times and to secure a high filling rate of transport units. 
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Distribution service activities are organized into three levels; strategic, tactical and 
operations. DS, IKEA of Sweden, strategic strives to a continuous reinforcement of 
activities that contribute to customer success and the strengthening of main business 
drivers. These are growth of sales, volume, low cost, speed, precision and flexibility. 

DS North tactical aims to implement and coordinate the strategic plan into the different 
distribution regions. Tactical also aims to develop the tactical goods flow network from 
suppliers to the customers in the store. Operations handle the daily distribution by 
coordinating and follow up the goods flow from suppliers to the customers in the store. 

DS North is serving the northern region: Sweden, Finland, Norway and Denmark. DS-
North is situated in three different locations: Älmhult, Helsingborg and Torsvik. 
Management and distribution is situated in Älmhult while distribution information and 
service is situated in Helsingborg. There is also a distribution center in Torsvik south of 
Jönköping operated by Maersk Logistics.  

2.7 Customer Order Distribution (COD) 
Customer Order Distribution is an order handled and distributed direct to customer. 
Normally a customer pays cash and carries the goods from the store. Relative COD sales 
is between 12 – 16 % of total IKEA sales in the DS North area. (IKEA 1 Presentation, 
2004). This is, however, regarded as an important part of the total sales. 

2.8 Handling Material – The CDC Container  
In order to distribute different types of goods direct to customers in an efficient manner, 
IKEA is using a specially designed handling material (HM), the CDC container. The 
container consists of different parts assembled into a container customized for each 
customer order. The major advantage of the CDC container is the increased filling rate of 
the trailer. CDC containers can be stacked on each other which will result in a higher 
filling rate compared to use of wooden (EUR) pallets. The CDC container is handled in a 
closed loop system starting from the CDC via end-customer and back. 

The CDC container is a module based, steel container that can be assembled in numerous 
ways. There are, currently, three different platforms that will be reduced into two due to 
weak construction and damages. The long platform with plastic floor is the most used. 

The two remaining platforms will be a short and a long plastic platform onto a steel 
frame. When assembling a container, two sets of side panels are placed on the platform in 
order to build an open-ended container that fulfils the size of the order that will be picked. 
Since the container is opened-ended goods can be slightly longer than the platform which 
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makes the container more flexible but loading, when goods are longer, more difficult. The 
container can be up to three side panels high, illustrated below. The containers are also 
stackable when the total height is less then five side panels high. 

 
Picture 2-3. The CDC container, three platforms and three sidepanels high. 

When IKEA decided to invest in CDC containers the strongest argument was a significant 
cost reduction as well as increased filling rate. Other arguments were decreased purchase 
cost and elimination of handling material lost. 

The ROI calculation was based on two issues; cost of the container per use compared to 
the same cost of using a EUR wooden pallet and how the steel container could improve 
filling rate. Both these key-figures where estimated to be improved after the CDC 
container was introduced. After the implementation these number has improved, although 
not to the extent that was initially calculated. 



 

 12 
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3 Frame of references 
In this chapter we will describe the literature used in order to build a frame of references 
for our study. The first part will cover distribution logistics and the second part a 
description of issues regarding automatic identification. 

3.1 Introduction 
The purpose of this report is to develop a model for RFID tracking of handling material at 
IKEA Customer Distribution Centre in Torsvik. Firstly theories about distribution 
logistics will be presented regarding distribution and warehousing. The second part will 
present theories about automatic identification. This includes adoption of new technology 
and its implication on businesses. RFID will be presented with regard to applications as 
well as technology, although RFID have little support in today’s literature.  

3.2 Distribution Logistics 
In order to meet customers’ high demands a company must distribute the goods from 
producer to consumer in an efficient manner. There are different set-ups, using one or 
more hubs, depending on characteristic of the distribution. Distribution over great 
distances will normally imply hubs on different levels. Another reason for having more 
hubs is that a company have a number of small customers where it might be necessary to 
co-ordinate the transports in order to keep distribution costs down. This provides the 
company with the possibility to have larger, more efficient, transports from central hub to 
regional hub and smaller, more expensive, transports only from the regional hub to the 
customers. Another reason for using a set up with distribution centres and hubs is to reach 
Full truckload (FTL). In order to minimise cost of transport distributors are striving 
towards increased filling rate and to decrease empty transport units. (Aronsson et al., 
2003) 

Production

Distribution
Centre

Customer

Distribution Hub

Production

Distribution
Centre

Customer

Distribution Hub
 

Picture 3-1. Distribution for a producing company. 
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3.2.1 Handling Material in Distribution 
There are a number of benefits of using handling material, such as EUR pallets or 
returnable boxes, in distribution. A well-designed handling material will increase filling 
rate, provide with more efficient handling of goods and protect the goods from damage. 
These are three central issues to any distributing company. There are two ways of keeping 
control of the handling material. Either using a balance-based system, mostly used for 
pallets, telling how long a pallet has been in warehouse or hub. Returnable boxes and half 
pallets on the other hand are often handled by a pawn system where handling material is 
returned to its origin in a closed loop. Distribution can typically be carried out with a 
general handling material such as a EUR pallet, company specific customised handling 
material will demand a more sophisticated return system. Company owned handling 
material will however further increase the advantages since it is better suited for the 
specific distribution. 

According to Svenska retursystem (2004) there are a number of benefits of using handling 
material in a closed loop system for distribution of different kind of goods. There are 
environmental as well as economical benefits in reusing returnable assets such as plastic 
boxes, wooden pallets and steel containers. Once a returnable asset has been used a 
hundred or thousand times it will be recycled. A closed loop system will generate 
returning transport, however this can be justified by better efficiency and improved 
loading capacity with a more suitable handling material. Handling and sorting at the 
producer, distributor and retailer will be improved, resulting in cost reductions. Reusing 
the same handling material will also reduce costs. Certainly if return transports can be 
carried out efficiently with existing traffic going to and from hubs, this is normally the 
case if the distributor can carry out economies of scale. (Internet 3, 2004) 

3.2.2 Customer Order Distribution (COD) 
Increased competition and higher demands for service are important factors to retailers 
and distributors worldwide. Customer distribution is strategic in order to provide a high 
service level to customers. However there are difficulties in covering large distribution 
areas and proving a high level of service at a low cost. 

The main objective for any customer distribution centre is to deliver the right goods on 
time, while also giving an accurate delivery date. Today, DCs suffer the effects of 
inefficiency in labour expense, accuracy and throughput. It is estimated to be significant 
room for improvement in these three areas. (Alexander et al, 2002)  
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Research shows that major costs of a typical DC are labour (70 %), space & building (18 
%) and system (9 %). Hence distribution tends to be labour intense, this cost can further 
be broken down into picking (40 – 50 %), receiving (20 – 30 %) and shipping (15 – 25 %) 
(Alexander et al., 2002). A major part of these activities include verification in order to 
achieve a high service level. One can conclude that any reduction in labour significantly 
will cut costs. 

Cost structure at typical DC

70%

18%

9%
3%

Labour
Building
System
Other

Labour cost at typical DC

10%

20%
25%

45%

Picking

Receiving

Shipping

Other
 

Picture 3-2. Cost structure at typical Distribution Centre. (Alexander et al., 2002) 

Competition in retailing and consumer goods industry tends to be ever increasing and 
strive for efficient processes is therefore critical. Important pain points in today’s 
distribution are excess inventory, unnecessary claims handling, product visibility, 
customer service failures and ultimately loss of sales. Hence, these are important issues to 
address in order to improve distribution and become better than your competitors.  
(Alexander et al, 2002)   

3.2.3 Warehouse Management 
Different stakeholders throughout the organisation have different views on warehousing. 
Financial controllers want small storage levels in order to free capital employed while 
sales people want high flexibility and precision in delivery why higher warehouse levels 
can be justified. Total stock will often add up to 50 percent or more of a company’s assets 
(Christopher, 1998).  

There are different types of stocks in a typical business such as raw material, buffers in 
production and storage for distribution. Naturally in a distribution centre there is only 
storage for distribution, this can however be further separated at different points of the 
handling. 
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All types of storage are generating storage costs, partly by employing capital in the goods 
as well as the cost of the actual warehouse; building, personnel etc. The cost of storage is 
calculated with a storage interest rate, is. This is calculated as the company’s cost of 
capital, ic, plus the risk cost of having goods stored. (Aronsson et al, 2003) 

100
/  

∗+= ∑
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yearriskofCost
ii cs  

Storage can be justified by several reasons. A storage point will make two activities 
independent of each other, which can be useful in order to meet a high service level at a 
low cost. Even though storage generates some costs it can decrease other costs such as 
purchasing, transportation and production. Another reason can be a lead time gap where 
the total time needed for production and distribution is longer than what is acceptable for 
the customer. By providing better response to changes on the market, in demand or 
availability, the service level can be improved by storage. Safety stock will be further 
described in next part of the chapter. (Aronsson et al, 2003) 

3.2.4 Safety stock 
In order to keep the service level in accordance to customers’ demands it is important to 
have sufficient capacity at all times. In a perfect world any business would like to have 
exactly the capacity needed at every single moment. The world, however, is stochastic 
making safety levels necessary. Customer demand varies over time and it is important to 
meet a sudden increase in demand to provide a high service level. Supplier capacity can 
also change causing delays or in worst case loss of delivery. Internal problems might also 
cause difficulties in the supply chain. It is therefore of great importance to have sufficient 
safety stock in order to meet discrepancies. (Aronsson et al, 2003) 

It is important to separate running stock from safety stock. Running stock will be used for 
forecasted demand while safety stock levels will be used in unpredicted situations. Those 
situations could be, for example, when customers’ demand is greater than the ordered 
quantity for that period or extended lead-time from supplier (Christopher, 1998). The 
relationship between the two different stocks is illustrated below. 
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Safety stock

Running stock

Safety stock

Running stock

 
Picture 3-3. Illustration of running and safety stock. 

Calculating the sufficient number of units to stock in order to have the capacity needed 
while still keeping costs at a minimum is therefore of great importance in order to achieve 
efficiency in the supply chain. A safety stock is an unproductive inventory that drains 
employed capital but is necessary to maintain an adequate service level. (Christopher, 
1998) 

3.3 Automatic Identification (Auto-ID) 
In recent years a number of new technologies for Automatic Identification (Auto-ID) have 
become increasingly common. The use of Auto-ID can be seen in different areas such as 
access control, toll roads, security applications as well as tracking and tracing of products 
in supply chains. Barcode systems in point of sales are probably the most widely 
recognised application of Auto-ID. Auto-ID is the general term for all different types of 
identification such as magnetic stripe, smart cards and RFID. The latter will be more 
deeply described in the next chapter. (Agarwal, 2001) 

Barcodes are well established in the supply chain today and are used in warehouse 
management systems as well as point of sales in your local grocery store. Historically the 
need to replace barcodes with more sophisticated technology has not been necessary. 
However technology is improving and prices are being reduced and much points to a 
change in the industry. (Singer, 2003)  

3.3.1 Auto-ID Adoption Path 
Everyone is waiting to be the second or third to adopt, hardly anyone likes to be the first 
doing all the mistakes and taking all the learning costs. There is however reasons for 
being an early adopter of Auto-ID technology. Businesses characterised by high level of 
shrinkage and lack of visibility in the supply chain tend to have incentive to invest in the 
maturing technology. Another class of early adopters is businesses with high price or high 
margin products, which makes it easier to justify the investment. High security or quality 
demands can also justify a more sophisticated technology for identification. Typical 
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drivers are inefficiencies in the supply chain, lots of handling, picking etc. Poor inventory 
management is another incentive for implementing new Auto-ID technology, maybe 
caused by inadequate technology, barcodes can for different reasons not be applicable in 
all cases. (Alexander et al, 2002) 

The majority of the consumer goods industry, having products at all price levels, is more 
likely to be categorised mass adopters. This category must wait for costs of investments to 
be reduced in order to justify investment. Another crucial factor in order to invest in new 
Auto-ID technology is establishment of a ubiquitous technical standard, which is required 
by many global actors. (Alexander et al, 2002) 

Of course, it is difficult to tell exactly where on the adoption path a specific company is, 
this is a judgement that is necessary to conduct in each case. A company that is not 
mature for adoption can make an exception from above if, for example, there are 
requirements from partners in the supply chain.  

3.3.2 Benefits of Auto-ID in the Supply Chain 
The benefits of Auto-ID can be segmented into three different areas; improvements in supply 
chain, revenue generation and cost reduction. All three are of great importance to successful 
players in today’s competitive environment.  

Improvements in the Supply Chain 

Improvements is maybe the least tangible benefit, but of great importance. Depending on 
type of Auto-ID implementation a number of different benefits can be expected. Auto-ID 
can enhance visibility and traceability of products, improve inventory planning and yard 
management hence providing a more flexible production responsive to changed 
conditions. Another possible benefit is better protection against theft. Effective use of 
Auto-ID technology can reduce cycle times and the forecast accuracy is likely to be 
improved. (Agarwal, 2001) 

Revenue Generation 
Direct revenue generation is another area where benefits can be found. Better information 
will lead to improved on-shelf availability in store leading to more sales. This is thought 
to be one of the most decisive factors since many retailers are struggling to maximise 
shelf capacity in order to generate more sales. Consumers’ expectations are increasing as 
well as competition which implies the importance of customisation and service. Auto-ID 
is also thought to lead to more frequent introduction of new products. (Agarwal, 2001) 
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Cost Reduction 
The third area is probably the easiest to get management attention to, since cost reduction 
is of constant consideration in every successful organisation. Auto-ID will provide with 
automated and more effective proof of delivery as well as improved security of products. 
Manual stock verification will be eliminated thus saving a significant number of hours, 
better and more accurate information will also lead to better forecasts and reduced 
inventory levels (Agarwal, 2001). Moreover Auto-ID can improve asset utilisation, for 
example by tracking a truck, leading to fewer assets and less working capital. These 
improvements are thought to save considerable amo unts. (Alexander et al, 2002) 

3.4 RFID - Applications 
RFID applications have been in use for approximately fifty years but in a very limited 
scale and only at very specific areas. Today, the number of different applications is 
increasing rapidly. Every day newspapers and journals are indicating the growing number 
of users and the development in the industry. The most cited implementation ought to be 
retailing giant Wal-Mart already collecting pallets equipped with RFID from some of its 
suppliers. Very early they put up a deadline demanding its 100 largest suppliers to have 
all pallets equipped by the end of 2004. (Internet 4, 2004) Wal-Mart was groundbreaking 
when implementing barcodes and the industry is watching its RFID development with 
excitement. 

One crucial issue to address regarding RFID development is the level of tagging. The 
ideal picture of a future store where every item is tagged with a unique identification 
seems quite difficult to achieve during the next couple of years. As described above, Wal-
Mart demands RFID on pallet level from its 100 largest suppliers, out of approximately 
100 000 suppliers. (Internet 4, 2004) 

One of the main issues concerning RFID implementation, especially on item level, is cost. 
It is difficult to justify tagging when the cost is nearly the same as the product itself. 
Consideration of the value of the product to tag is therefore of great importance. As 
described above, tagging has historically been on pallet or case level in order to meet 
demands on product value. It is easier to have the RFID tag cost paid off by splitting the 
cost over a number of items rather than on a single item. Another way to get value from 
the RFID investment is to reuse the equipment, which is possible when tagging pallets or 
handling material in a closed loop. The tag can then be used over and over again, 
connecting the id number to a different entity in the database. Apart from cost, a crucial 
factor to address when tagging every item is the huge amount of data generated. There has 
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to be some serious thought into what to do with all the information and how to cope with 
the capacity requirements. (Reynolds, 2004) 

3.4.1 Benefits of RFID 
The primary benefits of an RFID system are faster automated tracking and unique 
identification without line of sight. RFID speeds processes while reducing manual errors. 
Basically, the simplest form of RFID works similar as barcodes. Although, depending on 
configuration, RFID provide with a number of features. Barcodes does not work if label is 
worn out, which is delimiting the possible areas of use. 

RFID tags are able to store a greater amount of data providing opportunities in the data 
management process. Some RFID tags are also possible to write, why information can be 
updated providing even greater possibilities. An RFID tag can evolve through out the 
supply chain, containing more accurate information, thus making the product somehow 
intelligent. (Agarwal, 2001) 

Another important benefit of RFID is that it is designed to identify products from pallet 
level down to individual items, whereas barcodes only identifies class not individual item. 

Wal-Mart believes RFID will provide with the possibility to eliminate problems such as 
incomplete orders, misplaced products and theft. Today, this is estimated to cost the entire 
industry about $ 40 billion a year. It is also believed that tagging of articles will help shelf 
management and providing information for better decisions regarding inventory levels. 
(Internet 5, 2004)  

3.4.2 Standards and Regulation 
Lack of an international standard has been a major obstacle in the adoption of RFID 
applications. There is, however, a number of organisations lead by EPCglobal developing 
the Electronic Product Code (EPC) standards. The EPC standard is intended to cover 
every aspect from operating frequencies to communication in networks. This standards 
concept goes beyond pure product information and provides a basis for exchange of 
information in the supply chain. (Singer, 2003) 

Post och Telestyrelsen (PTS) is regulating the use of all radio equipment in Sweden. By 
default, all use of radio equipment must be approved by PTS. There are however a 
number of exceptions that are approved regarding use of cell phones, LAN etc. As of 
October 2004 equipment for radio control, telemetric and data transmission can be used at 
frequencies between 869.40 MHz and 869.65 MHz if transmitted power is below 500 
mW and less than 10 % of the total time. (Landmark, 2004) 
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Progress towards a global frequency standard is in favour for the hardware suppliers due 
to the fact they won’t need to provide readers compatible for different standards. Likely 
power standard is 2 W in Europe and 4 W in USA (Levander, 2004). Higher power may 
provide with longer operating range, but also more radiation. According to Landmark 
(2004) PTS is waiting for a decision in the European Conference of Postal and 
Telecommunications Administration (CEPT) before 2 W will be an approved exception in 
Sweden. 

3.4.3 Early Adoption of RFID 
Implementation of RFID, like any other technology, needs a solid business case. 
According to an article in RFID Journal it is relatively easy to find a business case that 
pays RFID within a year. Finding an internal, closed loop, application that cuts costs and 
improves internal efficiency is a good way to test technology and gain important 
knowledge and experience. Implementing across an entire supply chain, sharing cost and 
return, is far more challenging. (RFID Journal, 2004)  

There are a number of different decisions to make; hardware vendor, frequency standards, 
software and so on. RFID Journal recommends a flexible blueprint that allows automation 
of one business area at a time. It is therefore important to face vendors with issues about 
options; possibility to upgrade readers, reconfigure middleware etc.  

EAN Sweden is part of the organisation EPC-global that owns standards and patents. 
According to EAN Sweden there are a few statements to be said about RFID, as of 
September 2004: 

• RFID in closed loop system works fine, due to independence of standard. 

• There is a shortage of tags, prices are therefore unlikely to be reduced. 

• There is no global standard agreed upon. 

• Infrastructure is not yet fully developed. 

• Co-ordination with ISO 18000 is not yet fulfilled. 
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The possible timeline of RFID according to Morton (2004) at EAN Sweden is as follows:  

2004 Early adopters for pallets, cases and returnable assets. 

2005 Roll out for some high value items. 

2006 Widespread adoption on pallets, cases and returnable assets. 

2007 Adoption on some lower value items, tag cost < 5 cents. 

20XX  Adoption on item level on all products, tag cost < 1 cent. 

A full supply chain implementation is unlikely to be completed in coming years. Most 
likely successful implementations are on closed loop systems, for example returnable or 
reusable assets. This is a good way to gain experience and knowledge in order to prepare 
a full-scale implementation. Pallet and case level are realistic, item level is unlikely in the 
near future. Today, RFID is mostly justified where there is no current barcode application, 
for some reason. The idea then is to invest in modern technology, RFID, rather than old 
technologies such as barcodes. (Morton, 2004) 

Once the internal processes are in place and highly automated companies can start 
looking for integration possibilities with partners in order to meet efficiencies in the 
integrated supply chain. This is much more demanding and requires global standards, 
however the returns are greater as well. (RFID Journal, 2004) 

An evaluation from Gartner (2004) is concluded in the following advice for RFID 
adoption: 

• Don’t exaggerate the positive effects for management and other parts of the 
organisation. 

• Choose a major supplier. The market is relatively new with some over 
establishment, a consolidation is to be expected. 

• Plan carefully and focus on the costs. 

• If you are a supplier you might be forced to implement RFID. Make sure to get 
paid. 

Early adoption also means that there is a limited range of different alternative products, 
which means that customisation of, for example, tags might be necessary. According to 
Artimas (2004) a customization of tags can be justified at approximately 10 000 tags, in 
order to meet rational cost the amount of tags should be closer to 100 000. Other vendors 
state numbers closer to a million tags to meet rational costs.   
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3.4.4 RFID Effects on Business Processes 
RFID will definitely, just like the Internet, change the way companies manufacture, 
market and distribute goods. One starts to realise that there are potential benefits in a 
successful implementation of RFID. However, the odds of success will be increased with 
understanding of the technology’s effects on business processes. Ideally, one would 
install all the hardware, keep all existing processes and hope for the best. However, that is 
not the best way to start, according to recent case stud ies presented in RFID Journal 
(2004).  

No system is 100 % accurate and every tag won’t be read every time. There can also be 
double readings causing serious effects on the business. Most studies point out that it will 
be cheaper and more effective to design a solution with some control station in 
combination with the technology. Work processes must be controlled by rules for how a 
product or pallet is handled, these rules must also be followed.  

Another big change is to be met by the IT department, historically IT’s main task has 
been to provide information for managers’ decision making. After fully implementing a 
real time system some of the business intelligence and experience must be incorporated 
into the software. IT has to understand the business and why decisions are made. Higher 
dependency on IT and technology will also demand a more fail-safe system, needing 
further system back up etc. (RFID Journal, 2004)  

Serious changes in business processes might meet resistance, from staff at all levels. A 
way to eliminate problems is to manage the change step by step. Keeping the systems 
manually at first and automating some routine transactions may be a good way to improve 
the system. Finally, in order to take fully advantage of the benefits of RFID one should 
make it an integral part of the entire business. Just like some companies successfully 
embraced the Internet. (RFID Journal, 2004)  

3.5 RFID - Technology 
3.5.1 Components 
Radio Frequency Identification is a technology used for automatic identification of 
humans, animals and different objects. The application consists of a tag or transponder 
that has two components: An integrated circuit, usually a micro radio chip, there are 
however chip-less tags, and an antenna that emits a unique frequency. A reader that 
consists of antenna and control unit identifies the signal from the tag. Data collected by 
the readers must be interpreted before used in an application system. A tag can, for 
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example, respond multiple times to a reader’s signal. The application, or data processing 
subsystem, utilises the data obtained putting useful information into the logistics system. 
(Sarma et al, 2003) 
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Picture 3-4. Tag and reader configuration. (Finkenzeller, 2003) 

3.5.2 Functionality 
The performance of the RFID system is dictated by a number of factors: 

Read Only vs. Read and Write 
Read only tags are the simplest form and will function as a replacement of the barcode, 
the advantage is better read accuracy. A major advantage regarding handling materials is 
the fact that the RFID tag can be readable inside eventual wrapping, which is not the case 
of a standard barcode.  

Read and write tags can be used as a more dynamic electronic storage device. The 
functionality to the system is nearly the same, but write tags will reduce network traffic 
since the information will be stored on the tag instead of the database. Another advantage 
is that information can be changed without immediate access to the database. Use of read-
only or read and write tags is dictated by different factors such as restrictions by the 
system, costs and data transfer capacity in the network. In the following we will refer to 
the receiver as a reader even if it is a read and write device. (Sarma et al, 2003) 

Read only tags usually store 12 bytes (96 bits) of information, this is mostly suitable for 
simply replacing barcodes. Active, read and write, tags vary from 64 bytes to 32 KB. 
These, high capacity tags, are usually suited for advanced needs, such as storing product 
data specification throughout a production process or similar. 
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Passive vs. Active 
The transponder can be either active or passive which means whether the transponder 
carry an internal power source or not. An active tag has its own energy source and 
operates at longer ranges, the energy source has to be replaced or recharged. The battery 
is never used to power the transmission, only the chip, and for retention of stored data 
(Finkenzeller, 2003). A passive tag gets its energy from the induced current in the radio 
wave received from the antenna. This reduces the operating range since the reflecting 
signal is weaker than the reader’s signal and can sometimes be impossible to detect. This 
problem can however be solved using a sub-carrier that the signal is modulated onto. 
Since the passive tag is simpler than an active this will also affect the price. (Sarma et al, 
2003) 

The powering of and communication with passive tags using the same signal restricts the 
functionality of the tags. There is a trade-off between transmitting power and 
communicating data to or from a chip, this is because both uses the same signal. First 
there is very little power available to the digital portion of the integrated circuit on the tag, 
this limits the functionality of the tag. Second, the length of transactions with the tag is 
limited to the time for which the tag is powered and within communication range. In 
many practical situations, power change in frequency may cause loss of communication 
with a tag, therefore transponders must not be assumed to communicate effectively for 
longer than 400 ms. (Sarma et al, 2003) 

The data that are communicated between tags and readers must be sent in an unfailing 
manner. When tags and readers communicate two important issues concerning the 
communication must be recognised. Firstly when the data is transferred it must be 
decoded, often mentioned as the modulation of the communicating signal. Bandwidth and 
power consumption, which is determined by the combination of coding and modulation 
schemes, must also be specified. (Sarma et al, 2003) 

Data Transfer Speed in RFID System 
The amount of time needed to access or update the RFID must fit within the restrictions 
of the system. The speed of a read only system is dictated mainly by size of memory, 
operating range, frequency and capacity in communication to external system.  For 
example a passive tag transmits its information at approximately 64 kbit/s. A read and 
write system will operate at lower speeds, the amount of data transferred is also larger 
why the time needed will be significantly longer. Active tags will operate at even lower 
speeds. 
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Operating Range 
The operating ranges in which tags can connect successfully to antennas and control 
systems depend primarily on frequency. The passive tag uses inductive coupling to 
transform the electromagnetic fields to current storing the energy on a capacitor. 
Therefore the tag only works within the range of the electromagnetic fields. Operating 
range is of course decreased and limited by certain environmental criteria such as 
humidity, blocking materials etc. 

To be concrete a transmission frequency of 868 MHz would provide with a reading rate 
of about 3 m, at 2,45 GHz a little over 1 m would be achieved with a reasonably low 
power consumption. The reading range would be shorter if the transponder’s chip had 
greater power consumption. By applying a power source, such as a battery, to the 
transponder longer reading ranges can be achieved. 

Frequency and Coupling  
The carrier frequency used to transfer information between tag and reader is an important 
part of the consideration of different RFID configurations. RFID systems can operate in a 
wide spectrum of frequencies, from 125 kHz up to 5,8 GHz, depending on area of 
application. The operating frequency is important for two reasons; reading range and 
reading rate. A general rule is that a higher frequency implies longer operating ranges and 
higher reading rate. The reading range can vary from a few millimetres up to above 15 
meters, depending on frequency, set-up, power etc. (Finkenzeller, 2003) 

The frequency can be separated into four primary bands allocated for RFID use. Low 
frequency (50 – 500 kHz) are most common in security applications such as access 
control, medium frequency (13,56 MHz) are mostly used in non-security applications 
where medium read ranges are required. Ultra high (> 868 MHz) frequency offers longest 
read ranges and highest reading speeds, they are also relatively expensive, applications 
are therefore used in supply chain tracking and toll roads. There is also microwave 
applications operating at 2,4 – 5,8 GHz. (Finkenzeller, 2003) 

Fundamental for the functionality of the RFID system is the coupling, there are mainly 
two types; electric coupling and inductive (magnetic) coupling. 90 % of the RFID systems 
sold are inductive coupling systems. There is also proximity coupling (ISO 14443 contact 
less smart cards) and vicinity coupling (ISO 15693 smart label). (Finkenzeller, 2003) 

Inductively coupled tags are generally passive. The reader’s antenna coil generates a 
strong electromagnetic field in order to power the transponder. The electromagnetic field 
is usually operating on frequencies (125 kHz – 13,56 MHz) with wavelengths longer 
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(several meters) than the distance between tag and reader (typically < 1 cm). The 
electromagnetic field can therefore be regarded as a simple magnetic alternating field, 
thus generating a voltage in the transponder’s antenna coil. In electrically coupled 
systems the reader consists of a large electrically conductive antenna, generally a metal 
plate, generating a strong electrical field. A high-frequency voltage applied to the 
electrode generates the strong electrical field. (Finkenzeller, 2003) 
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Table 3-1. Overview of different RFID configurations.
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Operating Temperature 

Operating temperature may vary a lot due to different locations and merchandise. This is 
critical for the functionality of the RFID-system. Some tags can have a narrower span of 
operation temperature causing problems in extreme cold or warmth. 

Multiple Tags in Field Capacity – Anti Collision 
Depending on configuration between tags and antennas it is possible to read multiple 
chips at the same time. This can be useful when reading a load of returned handling 
material since many parts would pass through the gate simultaneously. Anti collision 
method will be needed to implement since the reader will receive signals from more than 
one tag at a time.  

The impact of regulated reader-to-tag bandwidth on the anti-collision protocol can be 
severe. In the US, for example, two common operating frequencies for RFID systems are 
the 13.56 MHz and the 915 MHz band. The regulations on the 13.56 MHz band offer 
significantly less bandwidth in the communication from the reader to the tag than do the 
regulations on the 915 MHz band. For this reason, Aloha1 based anti collision algorithms 
are more common in systems that operate in the 13.56 MHz band and deterministic anti 
collision algorithms are more common in the 915 MHz band. (Sarma et al, 2003) 

Integration with Network and Information System 
In order to function appropriately the RFID system must be integrated to the information 
system. The possibility of integration with external partners is also to be considered since 
this can provide important gains in terms of capacity planning and efficiency.  

Configuration of Tags and Antennas 
A well-planned and designed use of tags and antennas in different positions can 
significantly improve the systems functionality and effectiveness. Antennas can be placed 
in different places in order to get information needed; at a gate, a wrap station, under a 
truck etc. Tags can be placed on cases only or, preferably, on each component in order to 
get information about volumes and number of part shipped with a certain carrier. Tags 
can also be placed on floor to get information regarding forklift positioning, if the forklift 
is equipped with a reader that is. 

Broadcast M ethod 
There are three types of broadcast methods; full and half duplex and sequential. Full and 
half duplex broadcast when the reader’s RF field is on. The transponder’s signal to the 
receiver’s antenna is relatively weak compared to the signal from the reader itself. 
                                                 
1 For more information on Aloha based algorithms see Finkenzeller, 2003, page 206ff. 
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Transmission therefore must be appropriate in order to differentiate the tag’s signal from 
the reader’s. Sequential broadcast on the other hand employs a system where the field 
from the reader is switched off during short periods. These gaps are used in order to 
transmit the signal from the transponder. Disadvantage of this method is the power loss 
for the transponder during the dead period. This must be smoothed by use of batteries or 
auxiliary capacitors. (Finkenzeller, 2003) 

3.6 Risks and Difficulties of an RFID Project 
It is important to bear in mind that it does not exist any technology that automatically will 
solve all problems, RFID is no exception. There are several issues that are important to 
address in order to make a successful RFID implementation such as costs, material 
matters, reliability, data warehousing etc. 

3.6.1 Cost 
Beside the benefits of RFID-technology there are costs that are important to calculate 
when considering investment. Cost of tags and applying them to traced item as well as 
cost of purchasing and installing readers in strategic places can be significant. The main 
area of focus for a number of technology vendors is further reduction of the cost of tags. 
There are also considerable costs generated by system integration, installation and 
implementing application solutions. A sophisticated RFID system might interfere with 
present work processes and demand education and reorganisation. Cost of service and 
maintenance of the system are also important issues to address. (Agarwal, 2001) 

Integration of an entire supply chain may beg questions as to which companies have to 
carry the investments needed and which to get the revenues. This is not a major issue in 
closed loop integration inside the four walls of one company. 

3.6.2 Operating Conditions 

Tagging items constructed in metal that reflects radio signals can cause problems and 
decrease operating ranges. Using distance material, for example made from plastic, can 
solve this problem. Distance materials can however cause other problems since the tag is 
more exposed to damage. Research has proven some serious problems with the reuse of 
tags at handling materials, especially those handled by forklifts in warehouses. (Reynolds, 
2004)  

There is lots of radio based technology that might interfere with the RFID system and 
cause problems. That is an important issue to address when choosing technology, 
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especially in terms of cables and other communication devices. In order to find out if 
there is any interference of other systems conducting a test is recommended. 

3.6.3 Data and Standards Issues 
A complete implementation of RFID at item level will create a great amount of data that 
need to be processed. If only pallets or handling material is equipped this is no serious 
problem due to few reading points and relatively few tags, but still it is important to 
consider. When RFID is introduced on item level this will be far more important since 
this will increase number of tags and reading points. Furthermore, it is of great 
importance to consider global standards in numbering system such as EPC. 

Existing RFID and Auto-ID systems may use different frequencies and different countries 
may have assigned different bands of the radio spectrum. This can be solved by RF 
reconciliation at different points in the supply chain. It is an important issue to address in 
order to eliminate potential problems. (Reynolds, 2004) 

3.7 Critical Success Factors of an RFID Project 
According to Reynolds (2004) there are a number of criteria to consider in order to 
achieve success when implementing an RFID system.  

3.7.1 RF Site Survey 
Radio conditions on site can be expected to be different depending on where RFID is to 
be implemented. A successful implementation cannot be carried out solely theoretically 
from an office desk. In order to eliminate problems caused by interference and similar it is 
important to map and analyse the current situation on the specific warehouse. A lot of 
important issues can then be solved at an early stage saving implementation costs later in 
the project. 

On most sites today there are lots of different equipment using radio signals for different 
purposes. Interference from wireless networks and short-range radio devices can 
negatively affect RFID system performance, this is sometimes difficult to predict in 
theory. There can also be activities in daily operations that may impact on performance of 
the RFID installation. The purpose of a site survey is to understand requirements for the 
RFID system, information must be gathered in order to specify deployment requirements. 
Site conditions must be taken into account when predicting and specifying performance 
requirements, this is to be able to set realistic expectations of the system and try to avoid 
problems. 
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3.7.2 Installation & Tuning 

Readers must be installed and tuned in order to achieve the RFID objectives that are 
expected. One cannot assume that two different locations will work similarly, every 
different location of a reader must therefore be calibrated for guaranteed performance in 
real conditions. This should be taken out using real tagged items or pallets in order to 
verify the performance. Due to the art of a radio system this must be tuned in real 
conditions, theoretical performance adjustments are no t sufficient. 

3.7.3 Reader Synchronisation 

RFID systems that are to be integrated with each other are especially challenging. These 
require synchronisation in order to work without interfering with one another or with 
neighbouring systems. RFID systems must transmit at different times since they cannot 
transmit and receive simultaneously. Readers that have neighbouring antennas must be 
synchronised in order to meet sufficient system performance, simultaneous request would 
otherwise cause system confusions. Time-based synchronisation of a reader group and 
careful placement of antennas can solve this issue. 

3.7.4 Cable Management 
A reader is typically connected to three (or more) cables; power, communication and 
antenna(s). When engineering the RFID scenario it is therefo re important to keep cable 
requirements in mind. Readers and antennas will probably be installed in areas where 
other equipment is operating, potentially limiting the possibilities. A well conducted cable 
plan is required in order ensure functionality and to protect cables from damage. 

3.7.5 Tag Design and P lacement 

Because of the great number of different applications, with regard to material, packaging, 
environment etc that can occur there is no universal tag that suits every requirement. As 
previously mentioned metals and liquids pose challenges. There are a number of different 
kinds of tags available on the market depending on the requirements for each specific 
scenario. Active tags usually cost more than passive, but they can be read from a much 
longer range. Read/write tags cost more than read-only tags, the advantage however is 
that information can be added to the tag throughout the chain. Choosing a sufficient tag is 
therefore of great importance in order to meet requirements of every unique installation, 
due to functionality as well as cost. 
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3.7.6 Device Management 
Independent of RFID system there are both maintenance and management issues 
associated, tags and readers must be maintained in order to guarantee functionality. In 
addition there is software that has to be upgraded, status checks to be carried out, 
processors to be serviced etc. These issues can probably be handled relatively easy in a 
small independent closed loop system, however if the system is greater and integrated 
these issues must be addressed. Even a small system may have considerable maintenance 
costs. 

3.7.7 Data Management 
It is important to bear in mind that a considerable amount of data that will be collected 
once implementing an RFID system. Capacity limitations on current data system must be 
taken into consideration. A complete RFID implementation at a company the size of Wal-
Mart will generate data in the order of terabytes per day. It is therefore crucial to 
determine the goals of data generated by the RFID system and assess the data load that 
can be expected and whether the system can handle it. The most important question is 
what information is needed from the data generated by the system 

. 
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4 Task Definition 
In order to fulfil the purpose we must define the task and decompose it into specific 
research questions. Initially we will describe the system with regard to the processes 
covered. Thereafter we will define research questions from a purpose perspective. 

4.1 Scope 
The scope of the project is set by limitations made by the project team in accordance with 
IKEA. The scope is the result of an iterative process during the  initial phase of the project, 
issues outside the scope will not be considered in the research questions.  

The purpose is to provide a model for justification and evaluation of RFID technology. 
There can however be other applications suitable for the same purpose. IKEA have 
discovered the potentials in RFID technology and the strict limitation to RFID is partly 
justified by IKEA’s need for better knowledge and experience regarding RFID.  

The model will be based on a case study regarding the CDC container used in the 
Customer Distribution Centre in area DS North, which includes Sweden, Norway, Finland 
and Denmark. The model can however be applicable to CDCs in other areas, as well as 
other implementations of RFID. 

Interfaces

Middleware

RFID

Tags
Readers
Configuration
Work processes

Data system

ERP
WMS
CNS
Intranet

unique ID

scope

 
Picture 4-1. Scope of the project. 

The design will only cover the direct RFID considerations (i.e. frequency, tag- & reader 
configuration etc). The design provided will not include implementation issues regarding 
the Enterprise Resource Planning system (ERP), Warehouse Management System (WMS) 
and CNS or the interface and middleware considerations. 

Aspects regarding the data and information use will be covered as well as expectations 
and needs from the information gathered by the system. Other potentials and possible 
areas of an RFID implementation will also be provided. 
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Customer orders with smaller goods are sent by mail and are not included in the study 
since they are not using the CDC container. 

In order to justify the evaluated investment the model will include a Cost Benefit analysis 
presented as Payback period and Net Present Value (NPV). 

4.2 The Overall System 
This thesis will describe systems according to the theories of Churchman (1978). A 
system is a set of activities that has some or distinct effects on each other. A value chain 
is an example of a system, typically consisting of the different components production, 
order handling, sales and distribution. 

The overall system used for this research thesis consists of several entities ranging from 
customer ordering, handling and delivery to end customer. The order will be delivered 
within the Nordic region; Sweden, Norway, Finland or Denmark. The overall system is 
depicted below followed by a description of the entities involved. 
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Picture 4-2. The overall system. 

4.2.1 Customer Order 
A customer order is an initiative taken by the customer and a trigger for all activities in 
the chain. The order can either be placed in person at a store, by telephone, via regular 
mail or electronically via Internet, e- mail or fax. 

4.2.2 Customer Distribution Order System (CDOS) 

When the order is placed it is received and registered in the CDOS. The CDOS is 
responsible for monitoring customer orders, replenish the CDC and manage the right 
range of articles in the CDC. In order to secure the confirmed delivery date the CDOS 
reacts on possible deviations in delivery and informs the customer service department. 



–  TASK DEFINITION  – 
 

 37 

CDOS is also responsible for the replenishment of the CDC including responsibility of 
having the right amount of articles and the right parameters in the CDC. 

4.2.3 Customer Distribution Centre (CDC) 
The Customer Distribution Centre is located in Torsvik and handles all orders to 
customers in Sweden, Norway, Finland and Denmark. When an order is forwarded to 
Torsvik the process of getting the order to shipment starts. When an order is processed 
and sent to the CDC, the computer system suggests a picker to complete the order. The 
order planner decides whether to accept or deny this suggestion, from the system, and 
then lets the order proceed to a picker.  

Firstly, the picker starts building a CDC container with modules described in chapter 2.8 
Handling Material and the CDC Container . The picker decides which container parts to 
include based on previous experience. When the container is assembled the picker starts 
to picking the order, order line by order line. When the order is completed the CDC 
container is wrapped in plastic. The customer order, called a Customer Distribution Unit 
(CDU), will then be placed at the gate for distribution.  

As previously mentioned an important feature of the CDC container is that it is stackable 
and therefore provides a better filling rate compared to EUR pallets. One customer order 
is usually the same as one customer distribution unit. A customer distribution unit usually 
is one transport unit, however several CDUs can be loaded as one TU. A Transport 
Service Provider (TSP) loads the different TUs to be distributed to different customers. 

4.2.4 Direct Delivery to Customer (DDC) 
Some products are ungainly, thus difficult to store and handle in an efficient manner. 
Examples of these types of products are couches, armchairs etc. Due to complicated 
handling and storing they are delivered directly from the supplier to end customer, using 
EUR pallets instead of the CDC container. 

4.2.5 Transport Service Provider (TSP) 
In order to fulfil IKEA’s goal to distribute and invoice each customer order only once 
IKEA is using Transport Service Providers (TSP). A customer order can be delivered 
from different suppliers or warehouses and the TSP will deliver and co-ordinate the 
different parts of a customer order into only one delivery. (IKEA TSP Handbook, 2003)  

When a CDU is completed and placed on the outgoing gate the Transport Service 
Provider is responsible for delivery to the end customer. The TSP should unload the 
goods at the delivery address and bring the CDC container back on the truck. When the 
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route is completed the CDC containers are supposed to be returned to the CDC, usually 
via a distribution hub. 

4.2.6 End Customer 
The end customer is the one placing an order and later receiving the goods from the TSP. 
The customer has no obligations concerning returning the CDC container, although 
sometimes finds it very suitable for storage in the garage. 

4.2.7 Distribution Hub 
After the TSP has delivered the goods to the customer the CDC container is supposed to 
be returned to a hub where the containers are disassembled and stacked according to 
guidelines from IKEA for transportation back to the CDC. 

4.3 Studied System 
This thesis will provide with a model for justification and evaluation of a proposed RFID 
system for the IKEA Customer Distribution Centre in Torsvik. To be able to design and 
evaluate a set-up the activities carried out in the Customer Distribution Centre needs to be 
mapped. As previously stated the main problem is lack of visibility over the CDC 
container. Our objective is to declare which TSP receives a certain container parts 
(carrying a CDU), as well as when they are returned, must be clarified in order to claim 
lost CDC container parts. Identifying which container parts that belong to a certain CDU 
will provide with the possibility to hold a certain TSP responsible. Consequently, when 
the parts are returned to the CDC the TSP will no longer be responsible for those specific 
CDC container parts. Contractual agreements states that the container should be returned 
to the CDC within ten days, or a rent will be claimed. In order to be able to make a claim 
and invoice the TSP it must be clarified when a certain TSP collected a specific container. 
The CDC container’s whereabouts outside the CDC is not included in the scope since that 
is the responsibility of the TSP and not IKEA. 
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Picture 4-3. Studied system. 

The studied system consists of three different processes; Arrival, Handling and Dispatch. 
It is of great importance to understand these processes in order to evaluate the effects of a 
RFID solution, since all three functions will be affected. The system will be described 
according to processes, later the research questions will be decomposed from a purpose 
perspective. 

 The studied system will be described briefly in this chapter in order to provide the reader 
with a basic understanding of the different processes, they will be mapped more closely in 
chapter 7. IKEA Customer Distribution Centre in Torsvik.. 

4.3.1 Arrival  
When a container is returned by the TSP the container will be delivered to one of three 
predestined gates, 32 to 34. The main activities for arrival is to receive the containers, 
count the delivered amount and move the containers to the location of storage in the 
warehouse, so the pickers can perform their work in an efficient manner. After the 
delivered containers are counted the CD-HM administrator adjusts the balance in the 
WMS. Responsible for these activities is Jan Hallström who is the team leader of the 
Arrival group. 

4.3.2 Handling 
When an order is released for picking a picker will get a notice on the forklift computer. 
The picker then browses the order lines to be able to decide the size of that particular 
order and then assembles a CDC container, deciding number of parts based on previous 
experience. Container parts can be found at several different locations in the CDC. After 
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assembling a container the picker starts to pick the order and confirms each order line 
respectively. When the order is completed the picker leaves the container at a wrap station 
and receives next order to pick. The container will be wrapped and ready to be taken to 
gate for dispatch. Responsible for this area is Patrick Jung, team leader Handling. 

4.3.3 Dispatch 
A loader will pick up the wrapped CDU, scan a barcode in order to get a gate allocation. 
When placed at gate the loader scan a gate barcode to set the status of the CDU; ready to 
load. When the gate is completed a loader starts to fill up the truck. The process of 
loading will take approximately one hour. The loader gives the driver a Delivery Note 
stating the amount of container parts delivered. Responsible for Dispatch is team leader 
Anders Kock. 

4.4 Problem Discussion 
Previously, processes within our studied system are described. It is important to 
understand these underlying processes before we analyze the purpose and design research 
questions for this study. The problem discussion and research questions will not be argued 
from a process view rather from the purpose perspective, however covering each process 
from another perspective. 

4.4.1 Problem Definition 

As previously stated, we have limited our work to discover possibilities of RFID in the 
CDC. There is a potential problem in limiting the solution at this early stage, in doing so 
we might loose some important aspects. It is however part of the directives from IKEA to 
explore the RFID technology and its potentials and limitations. 

This thesis aims at developing a model for justification and evaluation of RFID 
technology on handling material in IKEA Customer Distribution Centres in general. Due 
to time and resource constrains we have however limited our research to a case study at 
the CDC in Torsvik. This might decrease the possibilities to come to general conclusions. 
Although there are potentials in using this model in further RFID implementations, 
especially since the IKEA CDCs are similar in many ways. 

The problem initially given by IKEA was lack of visibility over the CDC containers and 
that there is a considerable shrinkage. When IKEA decided to develop handling material 
for increasing the filling rate they did not consider the possibility of losing containers. 
During the implementation of the CDC containers the Customer Distribution Centre also 
started the implementation of a new ERP system why they could not update the balances 
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of container parts properly. The balance in the internal system was not properly set up 
why these figures are not reliable today. Several stock counts have been performed but 
the reliability of those stock counts has been low. 

In order to enhance visibility IKEA saw the potential of exploring RFID technology. 
IKEA therefore decided to combine the problem of lack of visibility with the potential of 
using RFID to increase the whereabouts of these containers. 

Due to contractual agreements the focus of increasing visibility only concerns gathering 
information regarding which TSP receives which containers and when they receive them. 
When the TSP has received the containers the responsibility lies entirely on the TSP until 
the point of return. This is also a problem since IKEA can not legally proof exactly which 
containers a certain TSP has received. IKEA is therefore unable to invoice the TSP for 
lost CDC containers. 

4.4.2 Alternative Solutions 
There are however numerous possibilities of tracking these containers, where RFID is just 
one solution. The following discussion will provide the reader with some information 
why RFID technology is in focus for this thesis. There are several alternative ways of 
increasing visibility and one example is to attach barcodes on the different parts of the 
container. A picker could then scan each part while assembling the container. This would 
not only increase the amount of work by forcing personnel to scan each part at the point 
of assembling but it would also be impossible to read the barcode when the container is 
wrapped in plastic since barcodes needs line-of-sight to be able to be read. Another 
problem with barcodes is the readability if the barcode is dirty or worn out. Barcodes is 
however a well tested technology that is cheaper than RFID. IKEA is also experienced by 
previous use of barcodes. The particular situation regarding the CDC containers requires a 
different approach since all container parts will receive a unique number and the 
environment is rough and dirty, thus decreasing the readability of barcodes. 

Another possible solution would be to paint all cages in different colours where each TSP 
gets their own colour. It would then be possible to perform stock count every now and 
then and invoice the amount of missing parts. This solution would require individual 
stocks of container parts, due to different colours, and the cost of procurement would rise. 
The assembling process would also be more inefficient since a picker must find container 
parts with right colour to be able to complete the order. This is not a suitable solution. 

A third possibility is a Global Positioning System (GPS). The main problem with a global 
positioning system is the cost. GPS is suitable for positioning of aircrafts, boats and cars, 
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but too sophisticated in order to track handling material. One can regard the RFID system 
as a local, light version of GPS where the readers, instead of satellites, are used for 
positioning near a gate instead of globally.  

The discussion above is to highlight other ways or methods to increase the visibility of the 
CDC containers. However none of them is as suitable or efficient as the RFID system. 
IKEA also stated during the start-up phase that RFID is their choice of technology and 
this project is considered to evaluate technology just as much as gaining visibility over the 
containers. 

4.4.3 Scope of Study 
As stated in chapter 4.1 Scope this project will only take the RFID considerations into 
account when evaluating and proposing the final solution. This means that there will be 
no focus on middleware issues or how to integrate the RFID solution with the ERP. 

This study will focus on four different tasks. The first issue is to evaluate RFID 
technology, standards and issues that will have impact on this project. Secondly, a 
mapping over the CDC and processes is necessary to be able to evaluate the possibilities 
of using RFID. Third, a Cost Benefit analysis needs to be presented in order to investigate 
if this investment can be financially justified. Finally, a Pilot will be performed, on a 
limited amount of containers to test the RFID technology in its real environment. These 
issues will be further described below. 
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Picture 4-4. Issues of study. 
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RFID Technology 

There are several issues when deciding to adopt new technology. Gathering and scanning 
information in order to make the right decisions are of great importance as the studied 
area is relatively new. New technology must reach acceptance within the organisation and 
funding needs to be allocated before a test can be conducted. Reluctance to properly 
address these issues may create problems later in the project. Another way to learn about 
new technology is to perform case studies to learn from other implementations. 

During this project several important considerations, apart from those mentioned above, 
must be taken into account. The phase for gaining knowledge and experience of the 
technology is the first major consideration. The RFID set-up includes mainly two 
important entities, tags and readers, which all must be chosen carefully. The tags need to 
be attached to the container on a location protected from rough handling or damage, while 
also being easily read. The readers have to be placed in a way to maximise readability of 
the tags. If the readability is not sufficient the set up will not serve the intended purpose. 

It is also important to highlight issues regarding interface between technology and human 
and the RFID set-up and the ERP. The latter is not within the scope of this project but 
must be considered when designing the set up. Maintenance and scalability are other 
issues of the technology that needs to be addressed. 

Mapping Torsvik 

In order to deliver a model for justification and evaluation it is important to understand 
the current situation. A mapping of CDC containers, site and processes is therefore of 
great importance. According to IKEA there is a substantial shrinkage of CDC parts and 
the current visibility is low. IKEA has stated that the number of CDC parts left is 
uncertain and that the internal balances are not reliable. It is therefore of great importance 
that the shrinkage is determined, being able to quantify the shrinkage of CDC parts in 
monetary terms.  

In order to understand what the technology should perform and how the set up should be 
designed in order to fulfil the purpose, a site mapping of the CDC in Torsvik is necessary. 
Mapping of site aims to understand the hardware set up and limitations on site. 

The mapping will also cover process issues. A mapping of processes is important since 
the proposed design will assist and improve current processes. The mapping of processes 
will be the foundation for potential improvement and the Pilot design. The process 
mapping will be separated into three different areas; Arrival, Handling and Dispatch. 
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Cost Benefit Analysis 

Investing in new technology is often costly. A comprehensive investment calculation 
should therefore be performed in order to secure that the investment will pay off. Note 
that a Cost Benefit analysis when adopting new technology might not always need to 
show black figures on the bottom line since adopting new technology might bear severe 
educational costs and impose intangible values. 

The Cost Benefit ana lysis for this project will show mainly quantified costs and benefits, 
such as investment in equipment and direct savings. It will also present some non-
quantified (i.e. soft values) costs and benefits, such as improvements in processes. These 
will however not be quantified and included in the calculations, rather presented 
separately as intangible benefits. 

Pilot 

When mapping and financial evaluation is done, a Pilot will be performed. The objective 
of the Pilot is to test the RFID equipment and different potential solutions in its real 
environment. The purpose is further to discover problems and potentials of RFID. The 
result of the Pilot will contribute with important facts when designing the model for RFID 
justification and evaluation. 

The Pilot is meant to be an inspirational source and a chance to explore and avoid 
mistakes in the real environment rather than a complete statistically secure test for a full 
implementation. Since knowledge and previous experience of RFID technology is limited 
we find it extremely valuable to perform a Pilot. Without that we would find it very 
difficult to provide with a solid RFID solution, as well as a well designed model for RFID 
implementation. 

4.5 Specific Research Questions 
The research questions will be designed from a purpose perspective rather than the 
process view. When the studied system were described it was important to divide the 
system into processes to present the different parts of the system. The research questions 
however will span over all processes and therefore presented from a purpose perspective. 
Before discussing these questions we would like to recap the purpose of this thesis, from 
chapter 1 Introduction: 

The purpose is to develop a model for justification and evaluation and of RFID 
technology on handling material at IKEA Customer Distribution Centre. 
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The purpose aims to develop a model that will both justify and evaluate RFID issues on 
handling material at IKEA Customer Distribution Centre. This purpose contains two 
different areas, why it is decomposed into two main research areas; evaluation and 
justification. Evaluation contains technical issues as well as site issues and justification is 
financial justification of the investment. These two areas will be further decomposed 
below. 

Evaluation of RFID needs to be done in several areas. There are several standards of 
RFID, each operating on different frequencies with different characteristics. Technical 
issues as well as physical conditions and processes at site must be evaluated. Since RFID 
uses radio waves issues concerning the environment at site is crucial. It is important to 
understand how the processes work in order to present a functional design, why a 
mapping of the site and processes at the CDC in Torsvik is performed. Further, it is 
important to address questions regarding the technology implemented in the CDC since 
the technology can not solve problems itself rather assist in making existing processes 
more efficient.  

Justification of the investment should be performed in a Cost Benefit analysis presented 
as Payback period and Net Present Value of investment. 

These two areas need to be decomposed into sub questions. The decomposition is 
illustrated below. These questions will be referred to as main questions and will be further 
decomposed in the following six headers. 

How to increase visibility of 
the CDC containers in Torsvik 

with RFID technology?

How to design a RFID solution 
on a CDC container?

What is the Return On 
Investment?

What are the technical issues 
regarding RFID?

What are the physical 
conditions at Torsvik?

Will a RFID solution work in 
Torsvik environment?

Which processes will be 
affected?

What is the cost of
investment ?

What are the benefits?

How to increase visibility of 
the CDC containers in Torsvik 

with RFID technology?

How to design a RFID solution 
on a CDC container?

What is the Return On 
Investment?

What are the technical issues 
regarding RFID?

What are the physical 
conditions at Torsvik?

Will a RFID solution work in 
Torsvik environment?

Which processes will be 
affected?

What is the cost of
investment ?

What are the benefits?
 

Picture 4-5. Decomposition of thesis purpose. 
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4.5.1 Technical Issues Regarding RFID 
When designing an RFID solution there are several technological issues that need to be 
addressed. The RFID system contains several parts that need to interact with each other. It 
is therefore important that the hardware issues are carried out in an accurate manner. The 
questions that need to be answered for this matter are the following: 

• Tag 

- What are the specifications of the tag? 

- Where should the tag be located on the CDC container? 

• Reader 

- What are the specifications of the reader? 

- Where should the reader be located in order to collect data needed? 

- How many antennas are needed to secure a satisfying reading rate? 

• System overview 

- What are the demands on the system owner? 

- What are the maintenance issues regarding hardware?  

- What are the maintenance issues regarding the system?  

- What are the issues regarding interfaces and middleware between the RFID 
system and the ERP? 

4.5.2 Physical Conditions at Torsvik 
In order to make an effective implementation of RFID technology it is of great 
importance to map the physical conditions on site. There are a number of issues to address 
regarding existing radio environment and other limitations to be considered. Mapping of 
the current situation is therefore an important task in order to provide a complete solution.  

• Site 

- What are the physical conditions at Torsvik regarding Arrival, Handling and 
Dispatch? 

4.5.3 RFID Solution in Torsvik Environment - Pilot 
To evaluate RFID technology within the CDC in Torsvik a Pilot will be performed. The 
objective of the Pilot will be to test the RFID set up in order to avoid pitfalls when fully 
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implemented. The questions that need to be addressed prior to the Pilot is to make sure 
that the Pilot will provide us with the information needed in order to improve the 
complete design. A full scale implementation must also be financially justified.  

- Who will be the system supplier for the Pilot? 

- How should the set up be designed? 

- Which processes will be affected of the Pilot? 

- How to temporarily change processes during Pilot?   

- What information is expected from the Pilot? 

- Which variables need to be measured during the Pilot? 

- What data needs to be gathered during the Pilot? 

4.5.4 Affections on Processes  
A technical solution to an existing problem does not solve the problem unless it is 
implemented accurately. It is important to gather information and map the current 
processes in order to have the technology support activities and improve existing routines. 

• Processes 

- What are the processes at Arrival, Handling and Dispatch? 

- How will RFID affect current processes? 

- How can RFID improve current processes? 

4.5.5 Cost of Investment 
Before implementing an RFID solution a Cost Benefit analysis must be performed. This 
will highlight the cost of, and benefits from, the investment.   

• What are the costs of the RFID implementation? 

- What is the cost of hardware? 

- What is the cost of implementation? 

- What is the running cost of maintaining the system? 

- Will there be any degeneration, what is the cost?   

- What is the cost of the Pilot? 
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4.5.6 Benefit Analysis 

• What are the benefits of using RFID? 

- What are the direct benefits? 

- What are the indirect benefits 
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5 Methodology 
This chapter describes our approach to the thesis. Methodology, sequence of work and 
quality of research study will be described and provides the reader with an understanding 
of how this project was approached. 

5.1 Introduction 
In order to analyse a given situation and come to a conclusion that is reliable and 
trustworthy it is of great importance to decide on a certain methodology. By following a 
stated method one can enable a higher academic quality on the study.  

5.2 Methodological Approaches 
When conducting an academic study in the area of business economics there are 
paradigms and methodological approaches. These are highly dependent and one paradigm 
can include one or more methodological approaches. The dependency can also be 
reversed, one methodological approach being influenced by several paradigms. A work 
paradigm is developed from a methodological approach relative to an area of study.  

Science of society can be described in six groups of paradigm: 

1. Reality as a concrete and controlled structure, independent of human interference. 

2. Reality as a concrete and determined process. 

3. Reality as reciprocal fields of information. 

4. Reality as a world of symbolic discourse.  

5. Reality as social construction. 

6. Reality as a manifest of human intentionality.  

There are three methodological approaches; the analytical approach, the systems 
approach and the actors’ approach. (Arbnor & Bjerke, 1994).  

The analytical approach (explaining) assumes that the whole is the sum of its parts. 
Summarising objective facts fulfil the big picture, represents explanatory knowledge. The 
approach assumes ceteris paribus on every level,  i.e. that everything else is unchanged. 

In contrast to the analytical approach, the systems approach (explaining and 
understanding) defines the whole as different from the summation of its parts. The 
systems approach also represents explanatory knowledge. 
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The actors’ approach (cognitive understanding) differs from the two other in the way that 
it doesn’t represent explanatory knowledge but understanding knowledge. The actors’ 
approach assumes that the reality is a social construction. 

Analytical approach

Systems’ approach

Actors’ approach

1 2 3 4 5 6

Paradigm

Analytical approach

Systems’ approach

Actors’ approach

1 2 3 4 5 6

Paradigm

 
Picture 5-1. The relation between paradigm and methodological approach. (Arbnor & Bjerke, 1994). 

The picture above shows the relation between paradigm and methodological approach. 
They are overlapping, there is however a distinct difference between the actors approach 
and the other two.  

When choosing methodology one must take into consideration the art of study that is 
taken out. Even with this in mind it is difficult to carry out an entirely objective study, one 
must therefore also take into consideration the researcher’s fallacy and delusion. We have 
conducted the systems approach since we study the entire CDC system as we develop the 
model. On the paradigm scale we are somewhere between two and three. We don’t regard 
the reality as entirely objective and rational and we don’t regard it as a social construction 
and manifest for human intentions. It is rather a concrete system and determined process 
mutually dependent on fields of information from other parts of the system; humans or 
machines. 

5.3 Evaluation Approach 
5.3.1 Type of Study 
There are three types of studies; time series study, cross sectional study and case study. 
When components are examined over time it is called a time series study. Cross sectional 
study is when the same research is conducted from every part of an organisation. We are 
conducting a case study . It is characterised by in-depth research of single research 
objects, usually mapping of processes or behaviour. (Lekvall & Wahlbin, 2001) 
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5.3.2 Type of Data 
There are two types of data; quantitative and qualitative. Quantitative data is used when 
data is measured in numbers and usually analysed statistically. Qualitative on the other 
hand can not be measured in numbers. Qualitative data is usually used when performing 
higher level of research. Some quantitative analysis will be performed manually but our 
study will focus on primary on qualitative data gathered from the Pilot.  (Lekvall & 
Wahlbin, 2001) 

5.3.3 Source of Data 
There are two sources of data; primary data and secondary data. Primary data is data 
collected for the purpose of the study. Secondary data is data collected primarily for 
another study. Our research is based on both primary and secondary data. Most of the 
preparation work was based on secondary sources such as articles and prior cases while 
the main evaluation of RFID technology was based on primary data. 

5.4 Research Design 
Research design describes how to act in order to fulfil the purpose of the study in a 
structured manner and the use of theoretical and empirical data collected. We chose to 
build our base of research by using different sources of information, described below. 

5.4.1 Theoretical References 
Initially we built a theoretical frame of references from literature studies. We tried to find 
different types of sources in order to build a homogenous theoretical frame. Our frame of 
references is rather thin compared to regular thesis works. This is due to lack of academic 
references in our field of study, i e implementation of RFID. We chose to describe the 
technical aspects of RFID in the theoretical frame of references, as well as present some 
articles regarding implementations.  

5.4.2 Case Studies 

Lack of theoretical references forced us to benchmark a number of case studies. From this 
we could find a best of breed solution suitable for our own case. When performing case 
studies one can chose to do a wide study of several objects in order to get an overview 
picture of the current situation. We, however, chose to do two but well chosen case 
studies that were as closely related to our own area of study as possible. One can mention 
that there are few implementations that can be studied within the area of RFID.  

We have studied RFID tracking of steel containers at Arla in Jönköping which is a closely 
related case study since the problem were similar to IKEA's problem of steel container 
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shrinkage. The second case study was at Weibulls in Landskrona. This set-up solved a 
different problem but widened the RFID knowledge of the project group. 

From these case studies we could come to important conclusions in order to improve our 
own Pilot, we also got important information in order to develop our final model. We also 
studied publicised cases and reports regarding RFID applications. 

5.4.3 Pilot 
A central part of our research was performing the Pilot at the CDC in Torsvik. The Pilot 
was justified by being a very qualitative research. The Pilot gave us important experience 
that would have been impossible to gain otherwise. One can argue the Pilot’s lack of 
academic value and statistical foundation, however due to the art of the study we found it  
extremely important in order to gain hands-on experience applicable to the solution 
design. The Pilot was solely the most important way to check reliability of other sources 
of information. Thanks to the Pilot we got the ability to test the RFID technology in its 
real environment giving important input into designing a model for justification and 
evaluation. Since there are only few RFID implementations in Sweden today we thought 
conducting the Pilot was particularly interesting. 

5.5 Sequence of Work 

Introductory
phase

Research
phase

Empirical
phase

Pilot
phase

Analysis
phase

Work
plan

Theorethical
frame of

references

Map situation /
Cost benefit

analysis

Proposed
design and

pilot

RFID model for
evaluation and

justification

Introductory
phase

Research
phase

Empirical
phase

Pilot
phase

Analysis
phase

Work
plan

Theorethical
frame of

references

Map situation /
Cost benefit

analysis

Proposed
design and

pilot

RFID model for
evaluation and

justification  
Picture 5-2. Work sequence. 

5.5.1 Planning 

Initially we did an introductory phase. This included drawing guidelines for the project. 
We conducted a project plan including description of activities, stakeholders, risks, etc. 
Due to the art of the study, aiming to perform an RFID Pilot we were extremely careful 
when doing a time plan with deadlines. We also did some introductory research in order 
to get a good overall picture of the area of study. We found it hard to conduct a proper 
and realistic plan without any knowledge of the area, but had valuable help from our 
supervisors from Accenture. 
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Phase two was the academic planning of the thesis. This included background description 
and a detailed breakdown and definition of the task. When performing the task definition 
we started with the purpose and formed that as a question. This question was sequentially 
broken down into activities to be carried out in order to fulfil the purpose. By doing this 
we could fill all the gaps needed and ensure the completeness of the study. The task 
decomposition resulted in a number of issues, these are described in the tables below.  

How to increase visibility of 
the CDC containers in Torsvik 

with RFID technology?

How to design a RFID solution 
on a CDC container?

What is the Return On 
Investment?

Technical issues
regarding RFID

Physical conditions
at Torsvik Pilot Processes 

affected
Cost of

investment Benefits

How to increase visibility of 
the CDC containers in Torsvik 

with RFID technology?

How to design a RFID solution 
on a CDC container?

What is the Return On 
Investment?

Technical issues
regarding RFID

Physical conditions
at Torsvik Pilot Processes 

affected
Cost of

investment Benefits
 

Picture 5-3. Issue analyses. 

These six issues are further decomposed and described in the following tables. These are 
made in order be able to analyze each issue in a structured manner.  

Technical Issues RFID 

Technical issues RFID Hyphothesis/Specific Questions Analysis Required

Tag What standard should the tags 
support?

Map reading range & 
attachment; perform a prepilot

Site data; Technical / 
performance data; prepilot

Suppliers

Reader / Antenna What standard should the readers 
support?

Map reading range & 
placement; perform a prepilot

Site data;Technical / 
performance data; prepilot

Suppliers

Interface How to gather data from readings 
and process it to valuable output?

Interface analysis. What is sent 
to IT system?

IT dept. IKEA IT 
department

Maintenance How is maintenance to be supported, 
by whom?

Support required after setup 
phase

Damages reports on CDC 
containers; System support

IKEA System 
owner

Data Required/Sources

 
Table 5-1. Technical RFID  issues. 

Physical Conditions at Site 
Physical condition at Torsvik Hyphothesis/Specific Questions Analysis Required

Arrival What are the RFID issues at 
Arrival?

Map in-gate 
environment

Interviews and Field 
study

Team leader Arrival 
(Maersk)

Handling What are the RFID issues during 
Handling phase?

Map Handling 
environment

Interviews and Field 
study

Team leader 
Handling (Maersk)

Dispatch What are the RFID issues during 
Dispatch phase?

Map out-gate 
environment

Interviews and Field 
study

Team leader 
Dispatch (Maersk)

Data Required/Sources

 
Table 5-2. Physical conditions at site. 
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Pilot 
Pilot Hyphothesis/Specific Questions Analysis Required

RFID test Will a RFID solution work in 
Torsvik environment?

Pilot Technology evaluation / 
Reading of tags

Empirical

Coordinate setup What has to be coordinated for a 
Pilot to work?

How to control containers 
equipped with RFID?

Use of channel Team leaders 
(Maersk)

Supplier of 
equipment

Who will supply the RFID 
equipment?

Supplier evaluation (Small) Ability of shipment; Know-
ledge analysis; Maintenance

Suppliers

Data Required/Sources

 
Table 5-3. Pilot issues. 

Processes Affected 
Processes affected Hyphothesis/Specific Questions Analysis Required

Arrival What are the processes at Arrival 
and how will they be affected?

Map processes at 
Arrival

Process guide Arrival and 
interviews

Team leader Arrival 
(Maersk)

Handling What are the processes during 
Handling and how will they be 
affected?

Map processes during 
Handling

Process guide Handling 
and interviews

Team leader 
Handling (Maersk)

Dispatch What are the processes during 
Dispatch and how will they be 
affected?

Map processes during 
Dispatch

Process guide Dispatch 
and interviews

Team leader 
Dispatch (Maersk)

Data Required/Sources

 
Table 5-4. Affected  processes. 

Cost of Investment 
Cost of investment Hyphothesis/Specific Analysis Required

RFID investment What is the total cost of RFID 
hardware?

Implementation analysis 
for hardware

Number of tags/readers; Which 
tags/readers; cables etc.

Suppliers and 
IKEA

RFID implementation What is the implementation 
cost?

Implementation 
analysis; 

Man hours for implementers; 
support personnel from IKEA

Suppliers / 
Business case

Maintenance What is the cost of 
maintenance?

Replacement and 
shrinkage analysis

Support costs; cost of 
retaggning

Suppliers / 
Business case

Degenerations Degenerations by using RFID 
in todays processes?

Critical analysis on 
process and 

Information regarding possible 
degenerations in work 

Supplier / 
Business case

Data Required/Sources

 
Table 5-5. Cost of investment. 

Benefits 
Benefits Hyphothesis/Specific Questions Analysis Required

Direct benefits What is the savings according to 
decreased shrinkage?

Shrinkage analysis; cost of 
shrinkage analysis

Data on todays shrinkage / 
contracts TSP

IKEA DS 
North 

In-direct benefits What are the soft value benefits? (I.e 
not monetary benefits)

Brainstorming Process analysis and 
business cases / Articles

Suppliers / 
Business 
case

Data Required/Sources

 
Table 5-6. Benefit analysis. 

5.5.2 Empirical Study 
After doing this preparation work we conducted the empirical case studies aiming to map 
the current situation and evaluate the RFID technology. 

After doing an in-depth description of the studied system, business rules and limitations, 
we analysed the situation using references and models presented in previous chapters. 
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Apart from the empirical study at the CDC, two case studies (at Arla and Weibulls) were 
conducted, in order to learn about RFID technology and implementation issues.  

In order to design the Pilot properly a pre Pilot was conducted a few weeks before the 
final design was completed. During pre Pilot the initial design ideas were able to be tested 
in real environment. This was very valuable since the experience within the project group 
of the technology and its limitations prior to this project was limited. There are several 
important issues to address when performing a Pilot or implementation. Thanks to the pre 
Pilot some of the potential flaws were discovered and the real Pilot design was improved.  

The Pilot was performed during one month and the objective was to test the RFID 
technology in its real environment. Both structured analysis of different scenarios and 
qualitative analysis were conducted. 

5.5.3 Analysis 

The analysis phase was conducted in two parts. We first analysed the mapped situation 
and the pre Pilot in order to design an RFID solution that would be tested in the Pilot. The 
final design was improved by the second analysis phase when evaluating the results from 
the Pilot. This implied that our final proposed design had a very broad foundation of 
information and were based on both theoretical studies as well as practical experience 
from the performed Pilot. Ultimately the analysis of the current situation and the Pilot 
performed resulted in a model for justification and evaluation of RFID technology. 

5.5.4 Present Results 
Finally we presented the results and conclusions drawn from the analysis resulting in this 
master thesis. In order to fulfil the needs of IKEA we also presented the core issues and 
results in a more comprehensible report.  

5.6 Data Collection Design 
In order to build a knowledge foundation we have used a number of different sources of 
information. The type of data we used was highly related to the art of study we conducted. 
We have studied literature covering distribution issues as well as Auto-ID and RFID 
technology. During the research phase we conducted detailed observations. Since the area 
we are researching is relatively uncovered we were highly dependent on primary sources 
of information. We did case studies on sites using different types of RFID in order to gain 
real world experience from the relatively untested technology. This proved to be an 
important source of information. We also had a valuable dialogue with suppliers and 
consultants with in-depth knowledge of the technology. We did interviews mainly to 
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describe the present situation that we were to analyse. This helped us discover and map 
work processes that was critical in order to design a suitable solution. We studied 
documentation in order to discover work processes and business rules. 

5.7 Quality of Research Study  
During different phases in a research project there are potential errors. When performing a 
research project there is a risk that the methodology chosen might not be optimal or that 
there are other sources of errors. This chapter will highlight those possible areas and the 
generalisation of the study. The different phases in this project are: 

Introductory
phase

Research
phase

Empirical
phase

Pilot
phase

Analysis
phase

Error in
purpose

Unreliable
sources

Non-reliable
respondents

Incomplete
data

Interpret
errors

Introductory
phase

Research
phase

Empirical
phase

Pilot
phase

Analysis
phase

Error in
purpose

Unreliable
sources

Non-reliable
respondents

Incomplete
data

Interpret
errors  

Picture 5-4. Sources of errors during different phases. 

Deciding about purpose and delimiting the scope was difficult, as we did not entirely 
understand all the aspects of an RFID system as we started the project. The final version 
of purpose and scope was set and improved in several iterations together with our 
supervisor from the Faculty of Business and from IKEA. We also got important support 
from our supervisors from Accenture, who definitely improved the quality of the project. 

There are some issues that need to be highlighted during the research phase. RFID is a 
relatively new, untested technology. It has been in some use during decades but its great 
breakthrough is still to come. There are several companies and organizations having big 
stakes in the RFID game. Technology suppliers, consultants, software companies, 
retailers etc can earn big money with the “right” market development. A lot of 
information tends to be biased, one must therefore take serious care about different truths 
of RFID. The texts below are cut from the Internet. 

“The systems have two components: tags, which are paper-thin, one-inch radio 
transponders attached to pallets, cases and eventually individual items. The other 
components are readers, which are panels about the size of a pizza box that receive and 
translate signals and shuttle data back to a network.” (Internet 6, 2004) 

“For example, the cost of tags has fallen from a few dollars per tag to about 10 cents per 
tag. Industry-watchers say they tags need to be around a penny each to make economic 
sense.” (Internet 6, 2004) 
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The quotations cited above might partly be the truth, but perhaps not the whole truth. All 
tags are not paper-thin and there are tags that are smaller and larger than one inch. All 
readers are not the size of a pizza box. One can easily think that all tags today cost 10 
cents, which is not the truth! It is highly dependent on the type of tag, its operating 
distance, frequency etc. (Finkenzeller, 2003)  

Since RFID is a new technology that is relatively unheard of we aimed to write a frame of 
reference that is easily accessible without previous knowledge of distribution or radio 
technology. We have identified a need for a fast, easy accessible, guide to RFID and 
hoped to fill that need with a document that is as objective as possible. We therefore have 
been very careful with sources of information and tried to use a wide base of different 
sources, dependent as well as independent. 

During decomposition of the project purpose an Issue tree was created that formed 
activities for the project. There is, however, a possibility of missing out on important 
activities. Continuous presentation of the work and discussions with the academic 
supervisor and consultants from Accenture has decreased the possibility of and hopefully 
eliminated the risk of missing out important activities. 

The phase of empirical studies is, together with the frame of reference, the greatest source 
of errors. Answers from interviewing respondents are likely to be an unsure source of 
information. The reason for this could be lack of knowledge, lack of concentration or that 
the respondent has added personal values to the answer. By letting several respondents 
answering the same question this source of error is hopefully reduced.  

Furthermore the Pilot performed had a very limited scope why the foundation for any 
statistical analysis is poor. The purpose of the Pilot was to test the technology in its right 
environment why we didn’t regard the statistical foundation as necessary. In order to get 
reliable information from the Pilot we had to address the issue regarding guaranteed rate 
of reading. By doing so we could fulfil the purpose without any considerable statistical 
foundation. Another source of error during the Pilot is that the project group might not 
have measured all the important variables. Again this has been widely covered during 
meetings with the academic supervisor and with Accenture. 

During the phase of analysis, interpretation of data or answers from respondents could 
have been done in an insufficient matter, thus being a potential source of error. 

The purpose of this study was to create a model for justification and evaluation of RFID. 
The model is based on a case studying handling material for distribution centres. We 
believe that this model can be used for other scenarios regarding implementation of RFID. 
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6 RFID Case Studies 
This chapter aims to describe two case studies conducted on previous RFID 
implementations. Svalöv Weibulls site in Landskrona and Arla Distribution Centre in 
Jönköping was visited in order to gain knowledge and experience from RFID 
installations.  

6.1 Svalöv Weibulls 
On the 31st of August 2004 we conducted a case study at the Weibulls’ site in 
Landskrona. During July 2003 Weibulls implemented an RFID system in their 
Landskrona warehouse used for handling of seed and grain. The RFID implementation 
was a small part of a large WMS investment and the choice was to either use RFID or 
barcodes. RFID is justified since visibility over the containers is extremely important in 
order to avoid mistakes in loading. Rests from a low quality grain in a container may 
cause big losses. According to operations executive Hans Gösta Hansson their RFID 
system has been working without problems since the implementation. 

6.1.1 RFID Considerations 

The RFID system used by Weibulls is configured with 125 kHz tags at each container and 
at strategic locations in floor. Forklifts were equipped with readers, at the forks, and the 
loading dock was equipped with a hand reader. Passive, read only tags operating at a 
range of approximately 30 cm are used. A 64 bit RFID signal was used, using 24 bits for 
control and 40 bits for the information communicated. The reasons for using tags 
operating at 125 kHz were low reader costs as well as sufficient reliability at the time of 
the investment.  

Initially the system consisted of approximately 7400 containers equipped with RFID tags. 
The tags used cost about 40 SEK each, including distance material and cover. According 
to Hansson physically equipping the containers with RFID tags was the most time 
consuming tasks during the implementation. Artimas, supplier of RFID equipment, spent 
approximately 1 week on site for implementation issues. Software was designed and 
supplied by Actemium. About 1 – 2 software engineers spent approximately 6 – 7 months 
developing and designing the software. 

6.1.2 Investment 

The payback period of the investment was estimated to about 3 – 4 years including 
improvement and efficiencies in the warehouse. The RFID investment was approximately 
3 – 4 % of total investment.  
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6.1.3 Site 
About 10 – 12 forklifts are equipped at the Weibulls site, each handling about 10 – 20 
containers per hour. According to Hansson each forklift performs approximately 5 – 6 
operations per minute. There have been relatively few errors with regard to the RFID 
system. Only about 2 containers have lost their tags since the implementation and 3 – 4 
tags caused problems by having twin codes. These problems were however eliminated 
during the implementation. 

6.1.4 Conclusion 
Weibulls changed hardly any of their work processes when implementing RFID into their 
system, however they did a few changes due to the new computerized Warehouse 
Management System. Weibulls stressed the importance of a close relationship with the 
software supplier. We suspect the software developer had made a few visits due to 
implementation of the system. Even though the Warehouse Management System might 
need some attendance during implementation, this is probably not a big issue with regard 
to the RFID system. 

Our personal opinion is that Hansson seems to be very technology friendly and that 
Weibulls had a significant need of a new data system at the time of the investment. The 
RFID part of the investment was relatively small compared to the investment in a new 
data system. RFID was considered to be more sophisticated than barcodes and more 
suitable for Weibulls environment. Weibulls also made a point of being an early adopter. 
Before the implementation in July 2003 their system managing the warehouse was 
entirely manual. 

Regarding RFID technology this case study did not have as much in common with the 
Torsvik case as predicted. The set-up with regard to work processes and operating 
requirements of the RFID system had very little in common with a potential set-up at the 
CDC in Torsvik. Although we found it valuable to see an installation early in our project 
in order to gain a good understanding of the different aspects and issues involved in an 
implementation. We learned that there are several aspects that need to be addressed in 
order to successfully implement RFID. We concluded that the RFID system at Weibulls 
did not have any functionality in common with Torsvik other than the goal of improved 
visibility. This case is however a good example of where RFID is an enabler for improved 
visibility and highlights the importance of having a clear business case. 
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6.2 Arla 
The Arla distribution centre in Jönköping was visited on the 27th of September. We met 
with Gillis Levander from Auto ID Konsult AB who was highly involved in the RFID 
implementation at Arla. Project manager and responsible from Arla was Eva Blomqvist. 
The main problem is very similar to IKEA’s problem with customized steel containers 
that is lost when delivered to customers. This visit gave very important insight into RFID, 
its potentials and limitations. Gillis Levander is regarded as one of the key persons within 
RFID in Sweden. Since 1979 he has been highly involved in the RFID business as a 
Swedish spokesman in standards organizations such as EAN, AIM and SC 31. Focus of 
this case study was obviously on RFID issues during the implementation at site. The 
meeting with Levander was also very educating with regard to general RFID issues. 

Levander stressed the importance of separating RFID suppliers into system integrators 
and suppliers of technology; such as tags and readers. Levander represents the system 
integrator Auto ID Konsult AB, which sources hardware from component suppliers. On 
the Arla project Levander was co-working with Rolf Larberg from Context works.  

Levander also stressed a central issue when implementing RFID technology, to identify 
the purpose of the information and what data is needed from the system in order to fulfill 
that purpose. Levander finds it important to write a letter of intent in order to justify the 
new technology throughout the organization.  

6.2.1 RFID Considerations 
Arla uses 125 kHz tags operating at a distance of approximately 10 cm from the antenna. 
The tag is placed at one side of a wheel at the bottom of the steel cage. This relatively 
short reading range is reached by putting the steel cages into rails before they are washed, 
why they are always read on the same side. Levander thinks the 125 kHz tags can be read 
within 25 – 30 cm in ideal conditions. One requirement in order to reach an operating 
range of 10 cm in the steel environment is the use of approximately 8 mm distance 
material in plastic. This is needed due to the tag being applied to a steel cage, remember 
steel seriously interfering with the radio waves. When implementing the current system, a 
new specification was made on the handling material in order to simplify the tagging 
process. Today the steel cages are prepared for attachment of an RFID tag during 
construction, increasing the efficiency of the installation. 

When deciding about what RFID system to implement a careful analysis was taken out on 
both 125 kHz and 13,56 MHz. Both these frequency bands operate similarly under ideal 
conditions. However, the 125 kHz tag showed to be more suited for the Arla set-up 
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reaching a higher reading rate during tests in real conditions. The reading rate is checked 
manually at Arla using a diode system counting successfully read cages. The Arla system 
also uses barcodes, in parallel to the RFID system, for registration of damaged or 
disposed steel cages. 

The reader configuration consists of an antenna connected to a reader. These are 
interconnected to a digibox in order to gather eighteen RS 232 signals into one signal put 
into the server. In order to communicate with the server an ordinary network modem is 
used. An alternative possibility would be to integrate the control units in a LAN (Local 
Area Network). Arla however chose to keep the RFID system as local as possible in order 
to keep the network structure simple. Today there is only one gate of communication 
from the RFID server to the network server. Levander thinks a lot of valuable RFID 
information can be produced locally and therefore favors this simpler set up. 

6.2.2 Investment 
The overall investment was 150 million SEK for hardware only, this included a 
warehouse system supplied by Swisslog. The RFID investment was only a minor part of 
the overall cost; 1,5 million SEK. Arla’s investment in RFID was justified partly by a 
management decision that RFID was of strategic importance. Another reason was high 
damage rate of the barcodes previously used, RFID was regarded to be more suitable for 
the conditions the steel cages were operating in.  

The investment was also justified by a Cost Benefit analysis calculating savings in 
decreased loss and decreased cost of capital employed. The RFID investment was as 
follows: 

Investments SEK
Tags (26 000 units) 640 000
Readers 300 000
System 600 000
Movex integration Approx 1 mSEK  
Table 6-1. Approximated summary of Arla investment.  

6.2.3 Site 
There are RFID reading points at two different locations within Arla’s distribution center 
and approximately 26 000 tagged units. Reading is conducted at arrival and when 
containers are fetched for picking. When the container is taken out for picking it will be 
linked to a specific picking order making it possible to trace the containers later in the 
process.  
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The containers are lined up before reading making the reading distance short, 
approximately 10 cm. RFID readings are conducted on five containers at a time with a 
redundant count giving a signal if not all five tags are read. In the case that all of the tags 
are not read containers have a barcode that can be scanned for identification. 

6.2.4 Conclusion 
The most important conclusion to be drawn from our meeting with Levander is the 
limitations of RFID operating in a steel environment. The Arla set-up is simpler than 
Torsvik since functionality requirements can be reached at relatively short reading ranges. 
It is significantly more complicated to successfully implement RFID covering an entire 
gate full of steel, rather than cages following a line. Conditions on site in Torsvik will 
require substantially greater operating distances demanding another frequency band than 
that used in the Arla case. Levander thought is was a good idea to test the different 
technologies before finally designing the Pilot.  

When choosing RFID technology for the Arla implementation a careful analysis of 
different frequencies and reading rates were carried out in real conditions. The Pilot that 
we plan to perform can be regarded as this same test. We are however limited to only one 
frequency (UHF) in order to reach sufficient reading ranges. It seems to be a good idea to 
try different scenarios in order to find the most suitable set-up in every new situation. 

Another important issue that Levander pointed out is that it is important to remind what 
the information from the system is to be used for, and what data to gather, when designing 
the set-up. There is no point in designing functionality or gather data that is not to be used 
in the operations. Investment must be justified by a solid business case clearly stating the 
benefits of every part implemented. 
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7 IKEA Customer Distribution Center in Torsvik 
This chapter regards description of the IKEA case at the Customer Distribution Center in 
Torsvik. The chapter will be divided into three parts; the CDC container, site and 
processes. This mapping will form as a base for the proposed RFID solutions in the next 
chapter.  

7.1 Introduction 
The Customer Distribution Center in Torsvik is serving the area DS North; Sweden, 
Norway, Finland and Denmark with regards to customer orders. Four different Transport 
Service Providers are used, one for each region: Posten is the distributor for Sweden, 
Norska Posten in Norway, DHL in Finland and Logida in Denmark. 

The distribution center is running on two shifts, handling on average 7500 – 8000 orders 
per week and most often shipped on CDC containers. Customer order cumulated sales 
COD DS North is 280 million EUR week 36 – 35 fiscal year 2003/2004. Customer order 
sales relative total sales is about 9 – 16 %. (IKEA 2, 2004)  

An important key performance indicator for IKEA is truck filling rate. Since 2001 filling 
rate has increased from 24 % to 36 % of total booked capacity (net m3 delivered / m3  
booked). That is mainly because introduction of the CDC container instead of using EUR 
pallets. (IKEA 3, 2004) As previously mentioned, since IKEA decided to introduce the 
CDC container a significant number of containers have disappeared. IKEA’s visibility of 
these containers is low why IKEA cannot claim lost parts from the Transport Service 
Providers. Furthermore Maersk, which runs the daily operations, lacked access to the 
CNS why a proper balance system for container parts was not used. This implied poor 
reliability of the CDC container balances. Today Maersk has access to both the WMS and 
CNS but the balances are not accurate. The first part of this chapter aims to state the 
initial investment as well as the yearly loss of the containers. 

Furthermore the loss of containers has forced IKEA to use wooden pallets whenever there 
is a shortage of CDC containers. This occurs several times per month and affects naturally 
the filling rate negatively. 

7.2 The CDC Container 
When IKEA decided to start using CDC containers a large investment in CDC container 
parts was made. The size of this investment is however not clear and depends on the 
source of information. After the implementation of the CDC containers a substantial 
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shrinkage of different parts has been discovered. The size of this shrinkage needs to be 
declared in order to determine the annual cost of lost parts. This part of the chapter will 
compare different sources and compare numbers to clarify both the size of the investment 
and the shrinkage of CDC container parts. This chapter will analyze three issues: 

• Cost of investment for CDC containers 

• Number of CDC container parts currently in stock 

• Annual loss of CDC container parts 

7.2.1 Cost of CDC Container Investment 
Firstly, financial data were gathered such as invoiced amount for purchase and from the 
annual report 2004. According to Frosth (2004) at transport operations , as of the 19th of 
August 2004, the total invoiced amount of purchased CDC containers was 25,8 million 
SEK. According to controller Börjesson (Annual report 2004) the total amount of 
purchased CDC parts was 24,8 million SEK. This implies that there is a small difference 
in purchased parts of approximately 1 million SEK. The table below shows total amount 
of purchased container parts according to Börjesson and Frosth. 

Purchased CDC containers Börjesson [SEK] Frosth [SEK]
04 sep - juli 5 455 000 
03 yearly 16 191 000 
02 yearly 3 219 000 
Sum 24 865 000 25 800 000   
Table 7-1. Cost of purchased CDC container parts. (Börjesson, Annual report 2004)  

7.2.2 Purchased Amount of CDC Container Parts  
Börjesson’s and Frosth’s figures can be compared with the amounts of purchased 
container parts provided by Rickard Andersson (2004) at IKEA of Sweden responsible for 
initial purchase of CDC containers and Stefan Nilsson at DS North who got these 
numbers from the IKEA CNS. These numbers are divided into container parts and 
displayed in the table below. Individual prices for each part are confidential information 
and therefore are only amounts of purchased parts and total sum of purchase shown. 

Entity Total purchased - Andersson Total purchased - Nilsson
Platform long 8 002 2 483
Platform short 1 000
Platform flexible 13 536 11 810
Side panels 71 935 53 102
Mini side panels 7 990 900
Movable bar 13 425 9 271
Sum of total purchased 25 131 567 SEK 16 962 652 SEK  
Table 7-2. Purchased CDC parts and total sum as of September 14th 2004.(Andersson R, & Nilsson, 2004) 
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7.2.3 The CDC Container Balance 
Since there are large differences in Rickard Andersson’s and Nilsson’s amounts for total 
purchases a comparison to the CDC container stock will be made. The information for the 
stock count was gathered from Frost on the 20th August 2004 and from a forklift computer 
13th September operating in CDC Torsvik.  

Entity Balance Frosth Balance Forklift
Platform long 6 880 11 172
Platform 914 -
Platform flexible 4 657 -
Side panels 55 311 33 259
Mini side panels 6 260 7 216
Movable bar 8 139 22 428  
Table 7-3. Balance CDC parts according to Frosth and forklift computer. 

We have however received information stating that the forklift balance is only imaginary 
in order to be able to store parts in the WMS. We will therefore not take further notice of 
this balance. Regarding Frosth’s balance it seems to be a reasonable amount but due to the 
lack of visibility not fully reliable at this stage. 

7.2.4 Purchased Amounts and Current Balance 
Finally a comparison between all sources must be conducted with regard to purchased 
amounts and current balance. In the table below the different amounts purchased CDC 
containers are compared to today’s balance according to Frosth (2004). According to 
Rickard Andersson there are 8 002 long platforms purchased. According to Nilsson this 
number is only 2 483, which is too low compared to Frosth’s balance of container parts. 

Entity Purchased 15/9 
Andersson

Purchased 
Nilsson

Balance 20/8 
Frosth

Platform long 8 002 2 483 6 880
Platform short 1 000
Platform flexible 13 536 11 810 4 657
Side panels 71 935 53 102 55 311
Mini side panels 7 990 900 6 260
Movable bar 13 425 9 271 8 139  
Table 7-4. Comparison of purchased and balanced amounts of CDC containers. 

Studying the sidepanels gives yet another insight. Due to delivery notes from the supplier, 
Samhall Gotia AB, delivered amount of side panels is 53 102. This is also the number 
closest to balance according to Frosth, which is 55 311. However, this number is larger 
which is rather strange. According to Rickard Andersson (2004) the purchased amount of 
side panels is 71 935. The difference between different sources is significant and after this 
comparison Nilsson’s numbers are not relied on.  
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Since we have stated that Nilsson's figures are not reliable we must declare whether 
Rickard Andersson’s numbers are reliable or not. We will compare Andersson’s figures 
with the different proposed cost of investment and those are presented below. 
Andersson’s records are close to both Frosth's and Börjesson's numbers, they also match 
Frosth’s number regarding stock count. Nilsson’s numbers are already ruled out which 
leaves three different cost of investment close to 25 million SEK. The initial investment 
of approximately 25 million SEK seems to be trustworthy. 

 

Source Cost of investment [SEK]
Börjesson 24 865 000
Frosth 25 800 000
Andersson 25 132 000
Nilsson 16 963 000  

Table 7-5. Comparison of cost of investment of purchased CDC containers. 

Further we will rely upon Andersson’s figures regarding purchased container parts out of 
two reasons. Andersson’s numbers seem to be in reliable correspondence to the balance 
provided by Frosth and initial investment, he was also responsible for the purchasing the 
CDC containers. 

After analyzing initial investment, purchased amounts and balance we can come to three 
conclusions: 

• The total investment of CDC container parts is approximately 25 million SEK 

• Rickard Andersson’s figures of total purchased amount of CDC container parts are 
reliable. 

• The balance of container parts is difficult to establish but Frosth’s figures seems to 
be reliable. 

We would like to mention that due to the lack of visibility over handling material there 
was a stock count initiated during our research. The results, however, was not available at 
this stage of the thesis. 

7.2.5  Shrinkage of CDC Containers 
A severe problem for IKEA today is that a significant number of the CDC containers are 
not returned to the CDC. Stock count has shown that CDC containers disappear, probably 
somewhere outside the CDC. There are indications that CDC containers are being left at 
the customers’ site in order to be collected by the TSP later or never. 

According to contracts between IKEA and the TSPs the CDC containers should be 
returned within 10 days, or rent will be invoiced. (Pettersson, 2004) A CDC container is 
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estimated to be returned within 7 – 8 days, however the poor visibility makes it difficult 
to calculate an average cycle time. IKEA has not yet claimed or invoiced the TSP for any 
containers late or missing. 

The poor visibility over the CDC containers makes is very difficult for IKEA to check 
whether a container is returned by a certain TSP. Theoretically IKEA can claim the TSP 
for the general shrinkage. In reality, lack of reliable proof of delivery implies that IKEA is 
not able to invoice the TSPs for late or lost CDC containers. IKEA can not tell which 
CDC container is not returned and is therefore lacking proof for an invoice. The issue 
regarding poor delivery notes will be further described in chapter 7.4.1.3 Unloading. 

7.2.6 Loss of CDC Containers 
The table below shows the amount of delivered parts, lost parts annually and the annual 
cost of losses due to inventory lists from Frosth (2004). Frosth’s numb ers does not 
represent an entire year why these have been revised on a yearly basis. 

Entity Purchased Lost Yearly Percent Total lost
Platform Long (PL) 8 002 742 774 9%
Platform Short (PS) 1 000 0 0 0%
Platform Flexible 13 536 2 262 2 360 17%
Side Panel (SP) 71 935 16 546 17 265 23%
Mini Side Panel (MSP) 7 990 0 0 0%
Movable Bar (MB) 13 425 3 710 3 871 28%

4 320 503 SEK  
Table 7-6. Number of CDC containers lost. (Frosth, 2004) 

It is difficult to evaluate the reliability of these numbers and we have previously stressed 
the fact that the visibility is poor. Table 7-6 shows the confirmed, by Frosth, loss of 
container parts. Analysis of loss based on another source is being presented below in 
order to verify the reasonableness of the numbers. 

According to a manual follow up during week 28 – 37 2004 made by Maersk CD-HM 
administrator, Marie Andersson, the amount of containers dispatched from and returned 
to the CDC is as presented in table 8 below. Assuming that this 10-week period can 
represent the year as a whole we can calculate the yearly loss. There can however be 
some extraordinary event during this period why it may not be applicable on a yearly 
basis. A loss of 754 000 SEK in handling material during only 10 weeks is however 
serious. One should also notice that this excludes side panels that were the most serious 
loss according to numbers from Frosth in table 7-2 presented above. Comparison between 
the table below, manually counted, and Frosts numbers gives an insight about 
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approximate size of the yearly loss. These numbers will be further analyzed in chapter 
7.2.8 Conclusion below. 

Entity Returned Dispatched Lost Percent Yearly Yearly loss
Platform long 30 507 30 506 -1 0% -5
Platform short 1 882 2 140 258 -12% 1 342
Platform flexible 13 263 13 901 638 -5% 3 318
Mini side panels 17 077 19 338 2 261 -12% 11 757

754 084 SEK 3 921 237 SEK Table 7-
7. HM follow up. (M Andersson, 2004) 

Prior to this 10-week period there has been no follow up like this, why the data is limited 
only to this timeframe. The follow up included only three types of platforms and the mini 
side panels. The reason for this was because the needs for these were most urgent, not that 
they generated the largest monetary loss. Returned and dispatched containers above are 
manually counted at the respective gates and we have no reason to suspect that a 
significant miscount would be the reason for the difference. The manual count of returned 
HM is compared to delivery notes, these are sometimes correct and sometimes the 
amounts are differing and needs to be revised. 

One can argue that the first and tenth week are misleading since the HM dispatched in 
week 10 is returned in week 11 which can cause an error in the analysis. We have, 
however, analyzed the variance over time and can conclude that the flow is relatively 
stable. See picture 7-1 below. 
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Picture 7-1. In- and out flow of platforms during week 28 – 37. 

In order to verify the numbers above we have compared them against delivery notes 
provided by Skarstam (2004) of goods from July and August 2004, same period as above. 
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The table below regards only dispatched platforms but can be used in order to verify the 
approximate size of amount of dispatched containers. The difference is small, why we 
regard these amounts as relatively reliable. 

Entity July August 10-week Lost (Maersk) Percent
Platform long 13 759 13 493 30 280 0 0%
Platform short 812 912 1 916 258 13%
Platform flexible 5 670 6 013 12 981 638 5%
MovebleBar 2 407 2 247 5 171
Sidepanel 77 466 75 192 169 620  

Table 7-8. Dispatch Jan 04 – July 04. (Skarstam, 2004) 

7.2.7 Average Cycle Time 
Assuming that the dispatched amounts are reliable we can now calculate average cycle 
time. We will study the platform long, since this is the most used. We will assume that the 
safety stock at the CDC in Torsvik on average is zero. There should of course be a safety 
stock in order to meet fluctuations in need. We think we can make this assumption since 
there occasionally is a lack of long platforms and some channels are using EUR pallet.  

The first two calculations are based on initial stock of platforms and stock levels 
according to Frosth. This implies cycle times longer than 16 days. The last two 
calculations are based on the given cycle times 7 days (average) and 10 days (upper 
limit). If these were the true cycle time stock would be between 3000 and 4500 platforms. 
We therefore suspect that the cycle time is longer than the stated 10 days. 

 

Stock 10-week per week [weeks] [days]
Platform long 8 000 30 506 3 051 2,6 18,4
Platform long 6 880 30 506 3 051 2,3 15,8
Platform long 5 700 30 506 3 051 1,9 13,1
Platform long 4 358 30 506 3 051 1,4 10
Platform long 3 051 30 506 3 051 1 7

Dispatch Cycle time

 
Table 7-9. Calculation of average cycle time. 

Inventory count performed on the 9th of October 2004 throughout all four LSCs and the 
CDC gave the following numbers. There were 5 702 long platforms in stock, which in the 
table above gives an average cycle time of more than 13 days. 

7.2.8 Conclusion 
Table 7 and 8 above states amount of lost CDC containers based on two different sources. 
Note that sidepanels and mini sidepanels are excluded in the respective calculations, due 
to lack of data. In order to get a number with a reasonable reliability we have taken the 
mean values from both cases. By doing so we expect that potential miscalculations will 
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eliminate each other. As mentioned earlier price information is classified why we only 
present numbers of lost parts and a total sum of lost parts.  

Entity Lost; assumption Total loss
Platform Long 360
Platform Short 670
Platform Flex 2 800
Side Panel 8 500
Mini Side Panel 6 000

4 069 540 SEK  
Table 7-10. Mean values of lost CDC containers. 

We can establish a yearly loss of CDC containers worth of approximately 4 million SEK. 
This cost can be regarded as a low estimate since it is based on direct cost of the CDC 
container and not includes the cost of handling and administration incurred as they are 
lost.  

Finally we wish to conclude that the loss of CDC containers is substantial. The limited 
cycle time is not being followed and the visibility is nonexistent.  

7.3 The CDC Site 
In order to be able to implement an RFID solution a mapping of the CDC is necessary. 
This will ensure functionality and decrease potential problems during implementation. 

There are 59 gates for dispatch at the CDC, averaging about 60 truckloads per day. 
Capacity is designed to manage a yearly growth until year 2008, based on an average of 6 
trucks per gate per day. Each gate is about 3 m wide and 3,5 m high. The gate itself is a 4 
cm sandwich construction with a layer of aluminum on each side of a distance material. 
There is prepared for power at the gate and other cable issues, such as network 
communication, are relatively easy to deal with. 

There are plastic wrap stations at two locations. These are equipped with two and six 
wrap machines. Most of the CDC container parts are stored at a location nearby the Over 
Size area. There are also a number of small storage points at strategic locations in order to 
improve efficiency in picking.  
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Picture 7-2. Map over CDC in Torsvik . 

At the CDC in Torsvik there is a Warehouse Management System (WMS) managing the 
stock levels in the warehouse. This includes all articles; goods and handling material. 
There is also a CNS managing the flow in and out of the CDC, also including both goods 
and handling material. When CDC containers are returned to the CDC these are counted 
and registered into the CNS and WMS by CD-HM administrator; Marie Andersson. 

7.3.1 IT on Site  

A Warehouse Management System (WMS) developed and supplied by Swisslog manages 
the warehouse stock levels. System owner is Werner Hoelter situated at IKEA of Sweden 
Supply Chain in Werne, Germany. Centrino is supplier of software in order to track 
CDUs. CNS handles the flow in and out of the CDC in order to produce a Consignment. 

Every article has an article ID and every pallet of articles has a unique ID. One possible 
solution would be to link every unique CDC item to an article ID thus giving it a unique 
identifier in the WMS. Storing the CDC containers as articles in the WMS would provide 
with the possibility to link every CDC container part to a CDU in order to trace its TSP 
and time of dispatch. Lists can be produced stating every CDU that has been away for 
more than 10 days for example, by using transaction history. There may be a need for an 
increased historic function, from 30 to 90 days or similar. 
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According to Nilsson (2004) this action would be fairly simple to take. There shouldn’t be 
any serious limitations to store the CDC containers in the WMS as articles. The barcodes 
are using 18 digits in the database, the CDUs are using 30 digits. The database capacity 
should be sufficient, otherwise it can be increased. 

The forklifts are using radio based LAN in order to communicate with the network, these 
are operating at 2,4 GHz. Moreover the handheld phones are using radio communication 
at 1880 – 1900 MHz. These appliances will not interfere with an RFID system operating 
at a different frequency.  

A change in the WMS is to be requested to the system owners in Germany. This is 
forwarded to Swisslog in order to make a price request. The price request is then 
considered in order to evaluate costs and benefits of the requested change. (Nilsson, 2004) 

7.4 Processes 
There are three work groups: HM group at Arrival, Picking group (Over Size, AS/RS, 
Mini load) at Handling and Loading group at Dispatch. Normally the process starts with 
dispatch of goods, we will however describe the process with regard to handling material. 

7.4.1 Arrival 
Arrival is the process from goods delivered to customers, to unloading the returned 
handling material at the CDC in Torsvik. 
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CDC container
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CDC container
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CDC container
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CDC container 
unloaded 
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CDC containers
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CDC containers
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Picture 7-3. Process map Arrival. 

The process regarding the CDC container starts when the goods are delivered to the 
customer and the CDC container is disassembled to be returned. The Transport Service 
Provider (TSP), Posten, is then supposed to return the handling material to IKEA, this is 
usually done via a hub in Jönköping. The TSP is paid for sorting the different CDC 
container parts into stacks in order to be returned to IKEA in an efficient manner. TSP is 
supposed to advise the CDC about delivery date, HM type and quantities no later than 12 
AM on the day prior to delivery. 
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Delivery of empty HM from TSP to CDC can be handled in two ways; pre-notified and 
not notified deliveries. (IKEA 4, 2004) HM can also be delivered linked to a driver, 
otherwise the trailer is left at the yard to be unloaded by own personnel. 

Pre -Notified Deliveries 
TSP advises CD-HM administrator (Customer Distribution Handling Material 
administrator; Marie) about date of delivery, type of HM and quantities. TSP creates a 
Consignment (CSM) and Shipment (SHP). CD-HM administrator includes delivery of 
TSP in the CDC delivery planning with all details. 

Usually gate 32 – 34 are used for incoming HM. Gate 18 is used for returned goods why 
some handling material sometimes is unloaded at that gate. At one point we identified 10 
units of HM inside this gate. If there is a peak in HM arrival other gates can be used, this 
is not considered to be a problem. (Hallström, 2004) 

Not Notified Deliveries 
The TSP delivers the HM back to the CDC without any pre-notification. This is relatively 
common according to interviews with people on site. The CDC then performs an 
unloading as unknown CSM, similar to stated above. 

CDC-operator does reconciliation between TSP waybill and actual quantities and types 
unloaded. If any CDC container is missing or broken, balance is made as stated above. 

Unloading 
When HM is returned by the TSP it is supposed to be sorted. Incoming platforms are 
usually stacked 15 each. Incoming side panels can be loaded standing 17 by 17 per 
platform, excluding the sidebars of the carrying platform. The amount of sidepanels in 
total is 572 per platform, if fully loaded. In several cases the different parts are not sorted 
and lots of dama ged container parts are hidden among good parts. The truck is unloaded 
with forklift in every case. 

Each CDC container is supposed to be checked against delivery note at time of arrival. 
There is supposed to be two delivery notes, one regular and one special for the handling 
material. In reality there is two, one or no delivery note, usually one which is kept by 
Maersk. Once HM is unloaded the CDC-operator does reconciliation between TSP 
waybill and actual quantities and types unloaded. In fact, there is usually a difference 
between number of parts on delivery note and actual quantities delivered. These are not 
claimed.  

                                                 
2  3 levels, 17 sidepanels stacked plus 2 sidepanels carrying the platform on each level equals 57. 
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CDC-operator informs CD-HM administrator actual quantity unloaded who puts this 
information in the CNS and WMS. Each container is also checked in terms of 
functionality. If any missing or broken parts are identified, CD-HM administrator will 
balance the deviation to the correct account; repair, missing or scrap. If CDC container 
needs repair CD-HM administrator will arrange repair and replacement to be carried out 
in most cost-effective way. An engineering workshop in Norrahammar usually provides 
this service. 

According to Hallström (2004), the handling prior to the hub in Jönköping probably 
causes the difference in quantities. He suspects that the quantities are not properly 
counted at the hub, only added from the delivery notes arriving from different areas. 
(Hallström, 2004) 

HM group is responsible for moving the different parts of the CDC container to its 
storage at the oversize area (OS). CDC containers are also stored at different strategic 
locations in the picking area, see drawing. Usually the shortage of CDC containers is 
serious and the need urgent why the HM group immediately delivers the CDC containers 
to the different storage points within the CDC. There is no time for sorting out damaged 
for example.  

7.4.2 Handling 
Handling is the process from new customer order to completed Customer Distribution 
Unit (CDU) at the wrap station. 
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Picture 7-4. Process map Handling. 

When picker receives a new customer order on the forklift computer a suitable platform is 
collected at nearest storage point. If there is a shortage of CDC containers the group 
manager calls to the HM group in order to get new containers. CD-HM administrator is 
responsible to secure availability of empty HM at the CDC at all times. (IKEA 2, 2004) 
The forklift computer also prints a new Transport Unit (TU) label in order to add picked 
items to, the TU is empty at this stage of the order. 
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Every CDU is appointed a CDU-ID. This is the identification number of the CDC 
container used for a specific customer order. Every CDU usually represents one Transport 
Unit, every TU gets a transport unit id (TU-ID). In some cases a TU can consist of several 
CDUs, for example when one platform are carrying two, small, customer orders. TU-ID is 
only used for internal purposes. In order to increase filling rate two TUs can be stacked 
onto each other, they are however still regarded as two separate TU-IDs. Note that we are 
using both TU and CDU in order to describe one customer order, in this thesis. Both 
abbreviations have the same meaning, they are only used for different purposes within the 
organization. 

Picker gets a platform and starts assemble a CDC container suitable for the specific order. 
Parts can be collected on different locations in the warehouse, for example outside the 
office building at the wrap station. This is also where a picker usually dispatched the 
previous order, thus being available for a new order needing new platforms. The picker 
assembles the CDC container based on previous experience about volume needed for a 
certain order. The forklift computer gives the measures of different articles in order to 
support the decision about CDC container parts. According to an interviewed, and 
experienced, picker these numbers are sometimes wrong. It is therefore important for the 
operator to verify the reasonableness of the given value. The picker is supposed to register 
into the WMS the amount of CDC container parts each CDU consists of, this is done 
manually at the end of the picking session. The stock levels of the CDC containers are 
usually wrong, the system sometimes tells the operator that an existing part is not 
available in stock.  

Picker starts picking the different order lines according to the forklift computer. The 
articles are located in the warehouse in order to meet efficiency in loading and picking 
due to weight, length of route etc. One operator states that the articles are sometimes 
ordered in a strange manner. The operator then rearranges the order lines in order to pack 
the pallet more efficiently, based on previous experience.  

This is repeated until the order is completed. Approximately 24 order lines are picked per 
person and hour on average. (IKEA 2, 2004) One TU can load no more than 500 kg, if an 
order exceeds that it must be split into several platforms. The experience of the operator is 
deciding how to split the order in order to load it properly.  

When customer order is completed the CDU is left at the wrap station in order to be 
wrapped by the preparation crew.  
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7.4.3 Dispatch 
Dispatch is the process from when the CDU is wrapped to leaving the responsibility of 
the CDC at the out gate. 
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Picture 7-5. Process map Dispatch.  

When the CDC-container has been wrapped a loader will scan the barcode of the CDU, 
the system then allocates a gate for the TU. Remember CDU and TU being the same item, 
only different naming in the system. The picker places the CDU at the right grid point at 
allocated gate and confirms the location by scanning a barcode at the gate. The CDU will 
then change status to ready to load. CDUs that are one unit high are placed at the back of 
the loading area since they easily can be stacked on each other, in order to achieve a high 
filling rate. 

When all CDUs are delivered to the gate the loader will try to stack as many CDU as 
possible in order to achieve a higher filling rate on the truck. A tower can have a height of 
less than five sidepanels. Gate is then ready for loading and the loader will start loading 
the truck. Before starting to move goods onto the truck the loader will manually count all 
the different CDC container parts and manually write a delivery note giving the amount of 
different parts. Anders Kock (2004) stressed the fact that these amounts already are in the 
WMS, hence this job is done twice. 

Meanwhile, a truck will arrive at Grindstugan and receive information about which gate 
to go to. The truck is allocated to the right gate within a certain time span. The truck is 
supposed to be at the gate in time so that no slack appears when the shipment is ready to 
be loaded.  

The loader then starts to load the truck scanning each TU as it is passing the gate and 
loaded onto the truck. Loader is responsible for loading the truck in an efficient manner. 
Every truck is available for loading during two hours, loading a truck takes approximately 
one hour due to a loader spoken to. Every Local Service Center (LSC) has a historical 
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filling rate, this forms the base for decision about number of booked trucks and CDUs at 
each gate. Order planners are allocating CDUs to gates through the forklift computers. An 
average truck loads approximately 21 platforms. (Skarstam, 2004)  

When loading capacity is exceeded some goods might be rested and moved to a rested 
goods area. The loader makes sure that all goods that are ordered by same customer either 
is loaded on the same truck or rested for delivery on the next shipment. One order should 
not be split into two deliveries. Handling material that are rested are supposed to be 
subtracted from the delivery note. According to IKEA policies no more than 0.5 % of all 
orders should be rested and this goal is met by the CDC. (Kock, 2004) The reason, 
according to personnel (Kock and Skarstam, 2004), that orders are rested is that the WMS 
calculates the volume of the goods, which sometimes significantly differ from the volume 
of the containers. Some of the articles are larger then the platforms which leads to 
miscalculations in number of platforms that can be loaded onto the truck.   

After the truck is loaded the driver will get a waybill, on the way out at Grindstugan, with 
information about cargo and details of received handling material. This waybill therefore 
contains information about the amount of containers, and when, received. The delivery 
note regarding CDC containers is linked to a certain truck, not to the customer order. This 
information is considered unreliable by the TSP why there could be disputes regarding 
amounts of handling material.  

7.5 Conclusion 
We can conclude that lack of visibility through out the loop of handling material is 
causing problems. There is no accurate balance of handling material in stock or amount 
delivered to or returned from TSP. Better visibility and more structured processes for 
handling of the CDC containe rs at the TSP would probably increase the return rate and 
reduce cycle time. The problem inside IKEA is lack of visibility and lack of information 
in order to be able to claim and invoice the TSPs. Better visibility inside IKEA would 
probably imply improvements. 
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8 RFID Design Evaluation 
In this chapter proposed RFID set-ups will be presented which will be tested and 
evaluated through a Pilot . Technical and functional aspects are covered and a Cost 
Benefit analysis is presented to justify the implementations. This chapter will form the 
foundation for the Pilot . 

8.1 Design Overview 
To design a solution for tracing the CDC containers there are some key issues that need to 
be addressed. It is important that the readability of the RFID tags is very close to 100 
percent why the technology issues are important to evaluate. This includes which RFID 
standard to use, where the tags and readers should be placed relative to the cost of 
investment. 

The objective is to trace container parts and to gather information about the  whereabouts 
of container parts. In order to trace the CDC container information regarding time of 
dispatch and arrival is needed. Identification of these key points is important in order to 
design an effective solution for better visibility over the CDC container. We have 
separated these points of registration into Dispatch and Arrival.  

Responsibility of the TSP

Hub 1

CDC in Torsvik

DispatchArrival

Customer

Hub 2

 
Picture 8-1. RFID reading points and illustration of TSP responsibility. 

Having information about TSP and time of dispatch and eventual time of return lists can 
produced with reports of CDC containers that are not returned within the given 
timeframe. Furthermore some containers can be temporary stored at a hub, waiting for 
delivery, and these containers are not supposed to be marked as lost and thus not claimed. 
This must be considered when designing the solution and the request to the IT 
department. 
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The different RFID configurations will be described in order of appearance. Dispatch is 
described first since the first event is that a CDC container is dispatched from the CDC to 
the TSP. After delivery of goods to customer the container is returned to the CDC thus 
passing the reading point at arrival.  

8.1.1 Different RFID Configurations – Dispatch 
In order to register the point of dispatch we have discovered three possible set-ups. Each 
of these will be described with regard to pros and cons. 

1. Place readers at dispatch gates registering the container parts when loaded onto the 
truck. 

2. Place readers at wrap station to link the container parts to a certain CDU.  

3. Reader at bottom of forklift and tags in floor. 

1. Reader Positioned at Dispatch Gate 

In order to get information when a certain distributor has collected a certain CDC 
container antennas can be placed either at the top of the gate and/or on the side of the 
gate. It is difficult to find a certain reader that is able to cover the entire gate why several 
readers must be placed at a gate in order to cover the entire gate. 

 
Picture 8-2. Readers at gate. 

Advantage of this solution is the possibility to register the IDs as they are passing the out 
gates. This will make it possible to check the goods as it is loaded onto the truck. Correct 
amount of containers can be checked as they are loaded, and that no container is missing 
or have been misplaced on the truck. This functionality is today covered with barcodes. 

Disadvantage of this solution is that it will require 60 readers and probably 4 antennas per 
gate in order to equip every gate. The investment in the equipment in this case will be 
substantial and it is possible that the return is no t sufficient for tracking CDC containers 
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only. It is however a potential in having the gates equipped for future use of RFID in 
other applications such as goods identification. 

2. Reader Positioned At Wrap Station 

Since all outgoing containers need to be registered a possible solution is to equip the wrap 
stations with RFID readers. Most containers are wrapped before shipment thus passing a 
wrap station at some stage. This can be used to gain information about number of CDC 
parts in a particular shipment. There is however containers that are not wrapped only 
banded adjacent to the wrap station. This flow of containers must be taken into account if 
designing a wrap solution. This could be solved by either set up a simulated wrap station 
where the containers are banded or by using a hand scanner. 

Placing a reader at the wrap station will make it possible to link every CDC container part 
to a certain CDU-ID. Since the CDU is tracked it will be possible to trace the handling 
material carrying the goods. Whatever happens to the goods regards the CDC parts as 
well. 

The antennas can either be placed next to the wraps vertical beam or assembled on the 
vertical beam. Another suggestion is to place an antenna on the elevating part. 

 
Picture 8-3. Reader at wrap station.  

The advantage of this solution is that we are able to trace all dispatched CDC containers 
with relatively few readers. There are eight wrap station plus the simulated wrap station 
adding up to nine readers compared to 60 readers for the out gate solution. Another 
positive aspect is that this configuration only requires minor changes in current processes. 
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The process changes will comprise that all wrap stations get a unique identity and that the 
picker must scan this identity using the forklift barcode scanner. This is done in order to 
allocate the CDU to the particular wrap that will scan the RFID tags on the container. 
Using this information will make it possible to link the tagged container parts to a certain 
CDU. 

A disadvantage is that the goods that are tied with a band instead of wrapped in plastic 
must be handled at a location that has an RFID hand scanner installed or pass a simulated 
wrap station. 

3. Antenna at Bottom of Forklift 

Placing an antenna at bottom of forklift and then tags at different locations on the floor 
makes it possible to decide whether or not a forklift is at a certain location. This could be 
an alternative to the process changes described above. This could also be used in order to 
know if a forklift operates at the right location, i.e. if goods are delivered to the right gate.  

We do not find any reason at this stage to equip the forklifts with RFID equipment. 
Possibly, this could eliminate the solution with readers at the wrap stations but it would be 
unreasonably expensive to equip every forklift compared to the relatively limited gain. It 
is, however, a future possibility to further increase the rate of automation at the CDC.  

8.1.2 Different RFID Configurations – Arrival 

In order to tell when a certain CDC container is returned to the CDC, the point of return 
must be registered. As stated previously the CDC containers returned to the CDC are 
supposed to be stacked. However, we cannot assume that the sidepanels always are 
stacked as specified. 

In order to meet sufficient reading rate the placement of antennas is of great importance in 
order to meet a high reading rate. We have five possible solutions: 

1. One antenna at in-gates 

2. Several antennas at in-gates 

3. Inner gate or tunnel 

4. Automated line for close registration 

5. Manually scanning each load 

These are described in more detail below: 
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1. One Antenna at In-gates 

Advantage of this solution is that it is simple and cost efficient since there are only three 
in-gates that needs to be equipped. The idea is to put a reader at the top of the gate in 
order to read the area below. The reader can either be placed at the bottom of the gate and 
then be relocated to the top when opened, or be placed on the wall behind the gate. 
Disadvantage is that it has shown difficult to find a reader suitable for this configuration. 
There is no reader that is able to cover the entire gate and ensure reading of every CDC 
container part. 

2. Several Antennas at In-gates 

To evaluate possible scenarios for the in gate several antennas per gate is required. There 
is no antenna, that we know, that can cover the entire gate and therefore will several 
antennas at in gate be tested and analyzed. There are however different scenarios that 
need to be tested. One set-up is placing a total of four antennas per gate, two antennas per 
side. It is also possible to locate an antenna at the ceiling of the gate and conducting 
readings from above. 

 

Picture 8-4. Several readers at gate. 

Advantage of this solution is that it will make it possible to achieve a satisfactory reading 
rate. Disadvantage is  that it is expensive to equip one gate with four or more antennas. 
During the pre Pilot one of the conclusions was that it is necessary to equip the gate with 
a minimum of four antennas in order to possibly get a reliable reading rate of returned 
CDC container parts. For redundancy purposes a display can be placed next to the gate 
showing number of platforms and sidepanels (tags) read. 

3. Inner Gate or Tunnel 

To reduce reading range and thus make it possible to increase reading rate one possibility 
is to narrow the gate for the forklifts and create an inner gate. 
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If it is shown impossible to design a feasible solution at the in gates this will be a good 
alternative to further increase reading rate. The advantage of this solution is that more 
resources can be focused on a smaller reading area. Disadvantage is that the forklift 
drivers need to be extra cautious while unloading the truck and this might slow down this 
process. 

4. Automated Line for Close Registration 

Another solution is to place all incoming container parts on an automated line. This will 
decrease the reading range significantly and hopefully increase reading rate.  

 

 
Picture 8-5. Automated line for reading. 

The advantage of this is that sufficient reading rate can be fulfilled with a significantly 
shorter reading range since the parts are passing the reader in a more structured manner. 
Another advantage is that the CDC containers can be placed at the reading unit and read 
autonomy without attention from the operator. In order to meet this we must construct a 
transport band long enough to have capacity for the CDC containers returned in one truck 
load, or similar. Disadvantage is the investment such reading automate will need, the 
storage area needed and the changes in unloading processes. The cost of an automated 
transport line is about 9000 SEK/m.  

5. Manually Hand Scanning Each Load 

When the container parts are unloaded an operator manually scans all CDC parts. By 
reading manually with a hand scanner a lower reading range will be enabled thus 
improving the readability. Disadvantage is that it is time consuming having one operator 
manually reading the CDC containers.  
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8.1.3 Evaluation 
In order to evaluate different potential solutions presented above we have created a matrix 
for evaluation of the most interesting set-ups. In this matrix there are two points for 
gathering data in order to get information needed; dispatch on the horizontal axis and 
arrival on the vertical axis. This matrix is used as a foundation in order to perform the pre 
Pilot and the Pilot when testing the technology. Choosing technology and set-up was an 
iterative process since limitations in technology will affect set-ups and different solution 
will demand different features from technology. 
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Picture 8-6. Evaluation of different set-ups. 

8.1.4 Proposed Solution Dispatch 

Due to the advantage and disadvantage of different possible solutions presented above the 
decision is to test the wrap station as the most suitable set-up for registration at dispatch. 
There are different reasons for this choice. One major advantage is the cost efficiency of 
needing only nine readers, instead of 60 at the dispatch gates.  

In order to guarantee reading a redundant system is needed. A major advantage of 
conducting the reading at the wrap station is that the forklift computers have information 
about which CDC container parts that are used for a certain order, manually put into the 
system by the operator. When reading the CDC-ID at the wrap station these readings can 
be checked versus the manual information in order to guarantee a 100 % reading. 

The process when reading at dispatch should be as follows: 
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Picture 8-7. Process reading at dispatch.  

By linking the CDC-ID to the CDU-ID (alternatively TU-ID) we can enhance information 
about when and to which TSP a certain CDC container part was dispatched. Lists of 
dispatched CDC containers can be produced stating which container part received by a 
TSP and the time of dispatch. 

8.1.5 Proposed Solution Arrival  
In order to meet sufficient performance and reading rate at the point of arrival we propose 
that three gates for arrival are equipped with several readers at each side. Several readers 
are needed in order to read every returned CDC container part.  

A redundant system is needed in order to check number of readings. One possible 
solution is to display the number of the CDC container parts on a display next to the gate 
and letting the operator manually count them.  

The work process should be as follows: 
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CDC container
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Picture 8-9. Process reading at arrival. 

8.1.6 Tagging the CDC Container  

Proposed tag is passive UHF read only tags. This is further discussed in chapter 8.2 
Technical specification. 

Our proposition includes tagging of platforms and side panels but there is however other 
parts that not will be tagged due to the ratio of the container part price and tag price. It 
cannot be justified financially to tag mini sidepanels or movable bars. 
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The tag on the platform should be placed on a protected location in order to be preserved 
from the rough handling of forklifts and similar. The readability is also important to 
consider when placing the tags. The tag will be embedded in a rubber cover to increase 
the distance from the steel. The rubber distance will provide with better readability as 
well as protect the tag from damage. A distance is necessary in order to meet reading 
ranges when equipping steel containers with radio tags. 

It is an important fact that there are different types of passive UHF tags. A tag can be 
designed for a certain environment and to be applied to different types of material. There 
is a possibility to equip the platforms and sidepanels with different types of tags. The 
sidepanel is returned in a manner that makes reading difficult why an expensive tag can 
be justified. The platforms are returned stacked on each other why we think a simpler tag 
can be possible. 

IKEA is currently also using old flexible platforms made entirely of steel. These 
platforms will be very difficult to tag due to its steel bottom. This will not be tested during 
the Pilot since these platforms are out of date and only used because of a large stock and 
will be scrapped in the near future. 

8.1.7 Returns 
Some CDC containers arrive to the CDC together with goods returned from customers. 
This includes damaged goods or when the customers have changed their minds. These 
CDC containers should be manually registered into the system using a hand scanner or 
similar.  

8.2 RFID Specification 
When specifying the technical parts of the solution there are several requirements that 
have been taken into account: 

• Operating range  

• Frequency standards 

• Power source 

• Storing data 

First, one important factor for this implementation is the range in which the tags will 
operate. Due to the size of the container and the gates, required reading range will be 
between 2 – 4 meters. The large gap is due to the way the containers are delivered and to 
different solutions for arrival and dispatch. The lower limit will ensure that every tagged 
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unit passing the gate will be read. This is extremely important in order to meet sufficient 
reading rate. The upper limit is to ensure that there is no interference between neighboring 
gates or wrap stations, which would also jeopardize the reliability of the data. Second, the 
container is made of steel, which reduces readability which makes it another important 
factor when choosing standards for tags and readers. 

8.2.1 Tag 

Since the operating range is relatively long we will focus on the Ultra High Frequency 
(UHF) tags operating at 902 - 928 MHz. Reason for using the American frequency band 
is supply, there are basically no European tags produced yet. Because of the long reading 
range two of the four existing frequencies standards can be eliminated from the list of 
possible tags. Both standards operating at the lower frequencies, 125 kHz and 13.56 MHz, 
have a reading range of approximately 0,70 m in good conditions without interference 
from steel. That range is drastically affected when involving steel. Another problem is 
that tags operating at lower frequencies have proven to have a lower rate of anti collision. 
Tags operating at 125 kHz can be read no more than 8 tags simultaneously, while readers 
operating at 900 MHz can read hundreds of tags at the same time. This is important since 
container parts are returned in batches up to approximately 60 parts.  Another possible 
standard is the microwave standard operating at 2,4 GHz, but this technology is more 
expensive then UHF why this is not a realistic option.  

Apart from choosing frequency, the source of power is also affecting the reading range. 
Tags can either be active with a battery as power source or passive, powered by the 
electromagnetic fields of the reader. An active tag has longer reading range and is more 
suitable in steel environment than a passive, also being more expensive. Passive tags 
equipped with a distance material can meet the requirements on reading range in steel 
environment and has been tested during the Pilot. Our tests have shown that a passive tag 
can be sufficient for this set-up and will thus be the choice of tag. It is also the only tag 
that can be justified financially since active tags are very expensive. 

Another factor affecting the tag price is the capability of storing data on the tag. A larger 
read/write memory is of course more expensive than a small read-only memory. Given 
that the only information the tag must be able to store is an ID number, a read-only tag 
with a small memory will be adequate. The rest of the information linked to the CDC 
container, such as which CDU-ID the container belongs to, will be stored in a database. 
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8.2.2 Reader 
Since the operating range is the most critical aspect, the reader must be able to meet 
demanded features. The reasons for our choice of readers are the same as for the tags. The 
readers must support the UHF standards to be able to communicate with the tag and meet 
sufficient reading range. During the Pilot the proposed design will have UHF-readers on 
the gates of arrival connected to four or more antennas and one UHF-reader connected to 
two antennas per wrap station. In-gates will have one reader connected to antennas placed 
on each side of the gate (and maybe a ceiling antenna) to provide a reliable reading rate. 
Wrap stations will have one reader connected to two antennas that will be placed on the 
vertical beam or next to the rotating disk. 

One important experience from the Pre Pilot performed was that the shape of the lob can 
differ a lot and is highly dependent on the frequency of the reader. Naturally the readers 
operating at higher frequencies have much narrower lobs thus limiting the possibility of 
reading a tag. The angle from the centre line of the antenna lob is also of great importance 
regarding rate of reading. When the tag is in the area less than 30 degrees from the centre 
line it is relatively easy read, however it can be read up to 50 – 60 degrees from the centre 
of the antenna. 

Another important aspect is the power emitted from the reader, this is today limited by 
legislation to 0,5 W but will probably be increased to 2 W in the near future.  The US 
allows 4 W. An increase of the reader power from 0,5 W to 2 W is estimated to increase 
the reading range about 30 – 50 %. A doubled reading range will take a power that is 8 
times bigger due to the volume effect of the radio waves. 

Due to radiation readers should be triggered in order to radiate as short time as possible. 
The reading should also be triggered by gate being open at the point of arrival. When the 
truck is unloaded and the gate closes the reading and thus the radiation stops. The reading 
at the wrap station should start when the CDU is being wrapped in plastic. Reading 
should start when CDU-ID is linked to wrap-ID on the forklift computer and checked 
versus the numbers that is entered manually in the forklift computer by the operator. 

Other possible reader frequencies and standards, such as 125 kHz and 13,56 MHz, have 
been eliminated due to the same reasons as the choice of tag discussed above. 

8.3 Changes in Processes 
When introducing new technology it is important to understand that the technology itself 
does not solve issues regarding processes. However, new technology can support and 
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enhance existing and well working processes. Handling material is currently counted 
manually three times, still there is a lack of visibility. The container parts are counted first 
by the picking crew and reported in the WMS, after wrapping the CDU the loader counts 
the parts and writes a delivery note to the driver. Finally the parts are counted manually 
by the HM group at time of arrival. The parts are also counted numerous times by the 
TSPs outside IKEA. This would be mo re efficient with RFID support where only the 
picker counts the parts for securing that the reader has scanned all parts. At in-gate 
counting would only be necessary if the reader is missing a tag or if the parts are stacked 
incorrectly. Otherwise the counting processes could be eliminated. 

There is no need for changes in the assembly process of the CDC containers. Today this is 
performed manually, relying entirely on the operator’s experience. The picking crew 
assembles the CDC container suitable for the specific order. Each order line is checked in 
order to get the total volume of the TU. The operator will soon learn how to design the 
CDC container in order to suit an order, there isn’t too many possible combinations. 

There are a number of actions carried out manually by the picker. One transport unit can 
weigh no more than 500 kg. Larger orders can therefore sometimes be split onto several 
CDC containers. The allocations of articles are done manually by the picker, which is 
probably for the best. The computer is sometimes giving unrealistic data, this is then 
corrected by the human operator. We don’t see a reason for unnecessary automation in 
cases when the experience of the operator is much more efficient and fail-safe. 

The negative impacts of this impleme ntation are that some processes will have to be 
changed or added. Since the container parts will be read and connected during the 
wrapping process the CDUs that is only strapped and thus not wrapped will have to be 
read at either a wrapping station or in a simulated wrap station3. The picker would have to 
put the strapped CDU at the rotating disk, wait for the RFID-reader to read and when 
getting the green light place it at the location of strapped CDUs, which is close to the 
wrapping stations. 

Another process change is that in order to know which container parts that are read at a 
certain wrap station, and thus allocated to the right CDU, each station needs an individual 
wrap station number. This number needs to be scanned by the picker when placing the 
unwrapped CDU at the wrap station in order to connect the CDC parts to the CDU. 

                                                 
3 A simulated wrap station will be built if the usage of wrapping stations is high. This would otherwise affect the 
wrapping efficiency.  
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8.4 System Overview 
This part of the chapter will describe general issues regarding the system. In chapter 4.5 
Specific Research Questions we identified four questions that need to be answered 
regarding system overview. Answers to these questions regarding middleware issues and 
maintenance requests are presented below. 

8.4.1 System Owner 
Functional System Owner: 

In order to maintain the RFID system we will assign a functional, strategic, owner of the 
system having the overall responsibility of the system. This includes upgrades of system 
and responsibility for budget. It also includes responsibility for the RFID-system’s 
relation to adjacent systems and improvements of this. This person needs a good overall 
picture of the CDC as well as the IT systems on-site in order to successfully enhance the 
potentials of RFID in the entire IT system.  

Operational System Owner: 

We will also assign an operational, technical, owner responsible for the daily maintenance 
of the system. This person needs in-depth knowledge about the system’s functionality as 
well as the requirements from the daily operations. 

8.4.2 Maintenance of System 
To maintain the system three different categories are identified and each category will 
have different areas of responsibilities. 

• Daily maintenance 

• Operational problems 

• System changes 

Daily Maintenance 

Daily maintenance concerns making sure everything work and prevent potential problems 
on a daily basis. Responsible for the daily maintenance is operational system owner. 

Operational Problems 

Operational problems comprise situations where the equipment is not working properly 
and needs repair. In order to carry out this in an efficient manner there must be a problem 
search routine with guidelines. The suppliers must also have a help desk facility in order 
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to solve or provide help when problems arise. Responsible for operational problems is 
operational system owner. 

System Changes 

System changes refer to major changes in either hardware set-up or software changes. 
This can be standard issues, scalability issues or other changes that will have impact on 
the set-up or the system. The responsible person of this area must have good knowledge 
about both the set-up, technology- and software issues. Responsible person for system 
changes is functional system owner.  

Improvements of System 

In order to evaluate the set-up Key Performance Indicators (KPI) will be stated together 
with soft value evaluation. The KPIs definition and goals needs to be set and measured. 
Two possible KPIs are: 

• Readability 

• Misreading 

A caveat with RFID is that readability can be poor before tested properly and thus needs 
to be measured and evaluated. This could be measured by manually counting and 
checking the arrival and dispatch regularly, for example once a month. 

A misreading is when fault occurs according to the system. For example when two of the 
tags have the same identification number or a container arrives that is not dispatched. This 
will be measured by the system and a follow up should be performed on a regular basis, 
for example once a month. 

A soft value evaluation will cover the user opinions and this can be conducted through 
either a questionnaire that is provided to the users or by ongoing discussions with users.  

Another soft value that should be evaluated is potential improvements of communication 
with adjacent IT systems such as WMS etc. This should be performed by the functional 
system owner. 

8.4.3 Information and Data Gathering 
The objective of the system is to increase visibility of CDC containers and if necessary be 
able to claim the TSP rent for delayed returns or invoice for lost parts. In order to meet 
those requirements we need to identify which CDC containers are returned in time, 
returned too late and those tha t are not returned at all. As previously stated the idea is to 
collect information when the CDC container is dispatched and at what time it is returned. 
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WMS handles the storage levels of different articles, including handling material. The 
WMS is only storing articles that are inside the CDC. The id number is killed when 
dispatched from the CDC. It is however stored as a historical article and can be traced in 
the system after dispatch. 

The idea is to store every CDC container part as an article in the WMS. Having the CDC-
ID linked to an article-ID. When reading the CDC containers that are about to be 
dispatched the RFID signal, a timestamp and a CDU-ID, is put into the WMS and linked 
to the id of the specific CDC container. 

The system will provide lists with information that shows the containers outside the CDC 
as well as returned parts. The lists will also consider the time spend outside to be able to 
claim rent and lost parts.  

8.4.4 Server 

The RFID-system needs its own dedicated server in order to handle the data collected in 
the system. This server structures the data before communicating with other servers in the 
ERP-system; WMS, CNS etc. 

Reader Edge Server Middleware ERP, WMS etc.Reader Edge Server Middleware ERP, WMS etc.

 
Picture 8-10. Server between RFID reader and other system components. 

After discussions with IBM the supplier to the Pilot we have identified an edge server 
suitable for the set-up. One server of this kind costs 9 000 SEK and may serve 3 – 4 
readers each. IBM thinks three edge servers are sufficient for the proposed set-up. The 
edge server includes an application from IBM (MQ) that will enable direct 
communication into the current Swisslog system on the CDC. The New IT Foundation 
(NITF) within the IKEA organization makes this solution possible. This would make the 
box middleware, in the picture above, redundant since it is included in the edge server. If 
a more general set-up is requested a premises server would be needed, this would increase 
the cost. The Cost Benefit analysis is based on the previously mentioned edge server. 

8.4.5 Middleware 
Middleware is the software that will ma ke it possible for the RFID server to communicate 
with the ERP. This software is not standard software rather a tailored application that 
needs to be developed more or less from scratch. 
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8.5 Cost Benefit Analysis 
It is important to present a cost benefit analysis in order to justify the investment in an 
RFID system in Torsvik. The cost benefit analysis is presented in two ways to clarify both 
when the investment is paid back and the current value of the investment. We will 
calculate a payback period telling how many years of running revenue, minus running 
costs, is needed in order to pay off the initial investment. We will also calculate the Net 
Present Value (NPV) of investment. NPV is today’s net value of future running revenues 
minus costs discounted by an interest factor compared to the negative initial investment. 
A net present value calculation is dependent on number of years, however since the cash 
flows are discounted, future cash flows will have lower impact on the NPV than cash 
flows occurring the first year. Increasing the number of years will increase the NPV; if the 
net cash flows are positive that is. We have chosen to do the NPV calculation on a two-
year time frame based on two reasons:  

1. This project regards implementation of new, untested, technology. There are possible 
changes in the near future why a short time frame is necessary.  

2. Justifying the investment within a short time frame provides IKEA with the ability to 
scrap the equipment in two years, if IKEA decides to do an investment demanding 
another standard or system, without suffer any financial loss.  

8.5.1 Cost Benefit Analysis 

The costs and benefits can be separated into three parts: Cost of investment, running costs 
and running benefits. When calculating the running benefits we have chosen only to 
include the direct benefits such as decreased shrinkage, ability to invoice, and reduce need 
of CDC containers in stock due to better visibility. There are several intangible benefits 
mentioned but we have chosen to exclude those from the benefit analysis since they are 
difficult to quantify and may be difficult to realize. 

The complete structure and figures used in the Cost Benefit analysis is found in Appendix 
A and B. Prices of RFID equipment is approximated after talking to the supplier of 
equipment (IBM). The different cost groups are presented in the table below. Cost of 
System Integration includes project management as well as software development. 
System maintenance includes upgrades and weekly operational system maintenance. 
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Cost of Hardware 1 488 000 SEK
Cost of System Integration 2 100 000 SEK
Cost of Pilot 70 000 SEK
Cost of Investment 3 658 000 SEK

Replacing Equipment 59 000 SEK
System Maintenance 345 000 SEK
Running costs 404 000 SEK  
Table 8-1. Cost groups. 

Based on the empirical studies and the project group’s assumptions previously in the 
project the shrinkage of different container parts was stated to be 4 million SEK 
annually4. This can be regarded as a low estimate since it is based on direct cost of the 
CDC container and not the cost of handling and administration incurred, as they are lost.  
Implementation of RFID may not eliminate the entire loss of containers. We are however 
estimating that the total loss can be invoiced, hence the entire amount is included in the 
calculations.  

8.5.2 Payback Period 

When calculating payback period the initial investment is compared to running profits. 
This method does not discount future cash flows, which can be a source of error when 
using a long time frame. Since this project will be based on two years this will not have 
significant impact on the result. The structure is presented below. 

Payback period

Cost of Investment

Running profit

Pilot

Hardware

System Integration

Running revenues

Running costs

Payback period

Cost of Investment

Running profit

Pilot

Hardware

System Integration

Running revenues

Running costs
 

Picture 8-11. Payback tree structure. 

                                                 
4 A more detailed discussion is found in chapter 7 IKEA Customer Distribution Centre in Torsvik  
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A summary of the Payback period and figures is provided in the table below. A more 
detailed calculation is attached in Appendix A. 

Cost of investment [SEK] Running profits [SEK] Payback (yrs)
Best case 3 638 000 3 703 000 1,0
Worst case 5 298 000 3 476 000 1,5  
Table 8-2. Payback Period 

8.5.3 Net Present Value 
Net Present Value is a method that uses discounted cash flows, which means that the 
method considers time value of money. The initial investment is compared with future 
cash flows discounted to today’s value. If the NPV is positive the investment should be 
realized. As stated above the time frame will be 2 years and the discounting interest will 
be IKEA’s internally used cost of capital for investments. 

The relationships and figures are presented below. Figures used are based on estimations 
from the figures used in the payback period calculation for best/worst scenarios.  

NPV

Cost of Investment

Running revenues

Pilot

Hardware

System Integration

Reduced shrinkage

Reduced stock

Running costs

Equipment

System maintenance

Running revenues (year 2)

Running costs (year 2)

NPV

Cost of Investment

Running revenues

Pilot

Hardware

System Integration

Reduced shrinkage

Reduced stock

Running costs

Equipment

System maintenance

Running revenues (year 2)

Running costs (year 2)
 

Picture 8-12. Net Present Value tree structure. 

A summary of the Net Present Value and underlying figures is provided in the table 
below. A more detailed calculation is attached in Appendix B. 
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Year 1 [SEK] Year 2 [SEK]
Cost of Investment 3 660 000 
Running revenues 4 045 000 4 045 000 
Running costs 404 000 460 000 
Net Present Value 3 412 190  
Table 8-3. Net Present Value.  

8.5.4 Intangible  Benefits 
As previously mentioned there are several intangible benefits from an RFID investment. 
Since the intangible benefits are difficult to quantify we have chosen not to include those 
in the justification of the business case above. However, they are important for the project 
as a whole and presented below. In order to give the reader some understanding of the 
impact from each intangible benefit this is illustrated by the circles to the right. The scale 
is quarter, half, three quarters and full impact. Please note that this is a non-financial 
entirely subjective grade set by the authors. This is however justified since they are 
excluded from the quantified Cost Benefit analysis. 

Improvements in Processes  Impact ?  

CDC container parts are today counted several times from point of arrival to dispatch. 
Implementation of an RFID-system can reduce manual counting at in-gate as well as 
counting at out-gate. 

Decreased HM Administration  Impact ?  

After an RFID implementation administration of CDC container parts will be automated. 
Registration at in-gate and out-gate will be updated instantly in the WMS. Today this is 
done manually by the HM administrator. 

Reduced Cycle Time   Impact ?  

Today there is no incentive for TSPs to have efficient processes for returning the CDC 
container parts to the CDC. Better visibility and information should reduce the cycle time 
of CDC parts. IKEA can not invoice or claim delayed or lost parts, one can believe that 
the TSP’s processes outside IKEA doesn’t works for the best. After implementing an 
RFID-system IKEA will able to claim the TSP which can lead to more efficient handling 
of the returning CDC containers, leading to reduced cycle time. A reduced cycle time of 
the containers will improve the usage of each container thus needing fewer in stock, the 
monetary effect however is difficult to estimate. 

Visibility over Handling Material  Impact ?  
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RFID will ensure better data integrity. It is stated that some of the balances in the 
database today are only fictive. RFID will provide with correct balance of CDC 
containers in the WMS thus improving the visibility. Better visibility will provide with 
better possibility to plan in order to ensure handling material available with regard to 
predicted sales. Today there are channels using EUR pallets due to lack of CDC 
containers. 

Implementation Experience  Impact ?  

Performing a Pilot at the CDC in Torsvik will provide IKEA with implementation 
experience regarding RFID technology. RFID is a complex technology that is relatively 
untested and implementation is regarded as the best way to learn the specific knowledge 
needed in each case. This experience is important if IKEA decides to use RFID at other 
sites or in other applications. 

Knowledge of RFID Technology and its Potentials  Impact ?  

After this project IKEA’s knowledge of RFID technology and potential areas of use will 
be improved. RFID is an enabler in many different areas and can be applied in other areas 
within IKEA as well. 
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9 Pilot 
This chapter describes the Pilot used for evaluation of different RFID set -ups. The Pilot  
set -up and practical issues are described as well as results and important experiences 
from testing the RFID technology.  

9.1 Pilot Summary 
Testing of the RFID technology was split into two parts during the Pilot. First, different 
scenarios were evaluated in order to analyze different set-ups of antenna and tag 
locations. This showed to be time consuming and very important in order to achieve a 
satisfying reading rate, however these different scenarios were valuable in order to find 
the most suitable tag location. Second a qualitative analysis testing the RFID equipment 
in operational environment was performed. Initially the idea was to test the set-up using a 
real goods flow. Due to the fact that the main objective is to evaluate the technology, 
operational flow was only simulated in order to use the time efficiently.  

We also like to stress the fact that the tests performed during the Pilot weeks were strictly 
limited by time constrains. As the work progressed several RFID aspects were discovered 
that would have been interesting to explore. We were however limited in order to fulfill 
the purpose with a model for justification and evaluation of RFID technology. 

The results from the Pilot can be summarized in three important points. 

• RFID technology works, but an implementation must be designed with regard 
to the limitations of the technology. 

• The Pilot has shown that small adjustments (tuning) of tag and antenna 
location can have great impact on the readability. 

• Using RFID on containers made out of steel drastically reduces possibilities of 
reading tags. 

9.1.1 Objectives 
Objective of the Pilot is to test the technology and different set-ups in operating 
environment. The purpose is to test different scenarios in order to discover if RFID 
technology is suitable for this business case, if so find the most suitable solution. The 
Pilot does not aim to conduct a statistical quantitative study even though some testing will 
resemble quantitative analysis, but not to the statistical extent. 

The Pilot will test the reliability and functionality of RFID technology. The Pre Pilot has 
shown that there are different possible set-ups using passive UHF tags. The Pilot will test 
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the reliability of the technology and pros and cons of different set-ups and tag 
configurations. As previously stated active tags are more likely to function in the steel 
environment, these are however difficult to justify financially since the price of those tags 
is about 150 SEK each. 

In order to get the most information possible from the Pilot it was split into two parts, 
structured analysis of different scenarios and qualitative analysis. The structured analysis 
of different scenarios aims to test different scenarios with regard to location of tags and 
antennas. These scenarios are described below in chapter 7.3 Structured Analysis. The 
qualitative analysis will be focusing on issues that should be closely analyzed based on 
the results from the structured analysis; this is described in chapter 7.4 Qualitative 
Analysis. 

9.1.2 Project Supplier 
Before deciding about supplier for the Pilot we distributed a quote request to different 
companies. These were chosen among RFID suppliers located in Sweden. Some of the 
suppliers had been involved in earlier stages in the project while others were contacted for 
the first time. Most important selection criteria were; quality of delivery and time, cost 
and previous experience of UHF implementations. The final decision of IBM as a supplier 
was made in accordance with IKEA. 

IBM supplied RFID equipment as well as installation and tuning of antennas and readers. 
IBM also had the responsibility to deliver data for analysis to a PC. In order to fulfill this 
appointment IBM provided with RFID software; Matrics TagVis v.1.0.6. The authors 
carried out the implementation of RFID tags on platforms and sidepanels. 

9.1.3 Time Schedule 
The Pilot spanned over five weeks including one week of installation and four weeks of 
testing. Each week were separated into testing and analyzing. Data collected during the 
week was analyzed every Friday.   

Process Activity Mo Tu We Th Fr Sa Su Mo Tu We Th Fr Sa Su Mo Tu We Th Fr Sa Su Mo Tu We Th Fr Sa Su Mo Tu We Th Fr
InstallationDelivery

Install hardware
Pilot start
Pilot w1

Analyze data
Pilot w2

Analyze data
Pilot w3

Analyze data
Pilot w4

Analyze data

Week 51Week 49 Week 50Week 47 Week 48

 
Picture 9-1. Time plan for Pilot. 
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9.2 Pilot set-up 
As stated previously the Pilot was divided into two different parts. During the structured 
analysis of different scenarios, presented in chapter 7.3 Structured Analysis, an extensive 
testing of different tag and reader locations were conducted. During the qualitative part, 
presented in chapter 7.4 Qualitative Analysis, the RFID equipment was tested in real 
conditions with regard to certain aspects. The  Pilot set-up is based on experiences 
accumulated from the Pre Pilot performed on Friday 8th of October 2004. 

The Pilot was designed for testing RFID technology on a certain channel chosen in 
accordance with operations at the CDC. The channel 658 is bound for south part of 
Stockholm and this channel was chosen since the handling material is returned directly 
from a hub in Stockholm, without passing the hub located in Jönköping. Using channel 
658 makes is easier to control the return flow. The Pilot was also limited to oversize 
goods in order to limit number of participating staff. All tagged CDC container parts were 
marked with blue tape in order to indicate which parts that were tagged, purpose of this 
was to limit potential errors in the analysis. All staff was informed that marked parts 
should be used on tested route only. The chosen channel (658) was then directed to a 
certain wrap station, out-gate and in-gate, all equipped with RFID readers. 

RFID

RFID

RFID
Gate 34

Gate 138

Wrap A

 
Picture 9-2. Conceptual map over RFID Pilot at CDC in Torsvik. 
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In order to analyze returning parts, channel 658 was directed to gate 34 which was 
equipped with one RFID reader with four antennas. RFID readings were compared to 
manual count of returned marked parts in order to perform the analysis.  

After the container parts have been read at arrival marked parts were stored adjacent to 
oversize at quality control (grey box at bottom left of picture above). When a picker 
received an Oversize Customer Order bound for channel 658 Stockholm only marked 
CDC parts were used for the entire CDU. If marked parts for some reasons could not be 
used entirely it was important for redundancy issues that unmarked parts should be used 
instead of mixing with marked parts. Readings were compared with the amount of 
container parts taken, entered by the picker. Using only oversize goods is a potential 
source of error since these orders may have different characteristics than general goods. 

RFID readings at wrap station were compared to manual count of used parts for each 
customer order. When wrapped, the customer order bound for Stockholm is allocated to 
gate 138 equipped with one reader and two antennas. RFID readings are then compared to 
manually counted CDC container parts in order to analyze the functionality of the system. 

This was the initial set-up. Testing in operations was only simulated during the Pilot since 
the main objective was to test RFID technology. This provided with more efficient use of 
the Pilot resources since more test could be conducted in a shorter time period. 

9.2.1 Data Gathering 
RFID data was gathered during both parts of the Pilot using the internal network. RFID 
readers were connected to IP addresses in the network and all readings could be sent to a 
local computer using the provided software, Matrics TagVis. The data was provided in a 
text format that could, with some modification, be transferred to and analyzed in a 
spreadsheet. All RFID readings were compared to manually counted data in order to be 
able to analyze the readability and get valuable information from the tests. 

9.2.2 Implementation Issues 
Qualitative issues need to be tested which can affect the installation and reading rate. 
Implementation issues on site are to be tested with regard to the following: 

• Potential interference from aluminum wall at in-gate 

• Location of antennas with regard to changes of angles both horizontally and 
vertically 

• Location of antennas with regard to protection from forklift traffic  
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In-gates are located so that forklifts unload in an angle of 45 degrees relative to the gate. 
This implies that the forklift will unload with an angle of approximately 45 degrees since 
the forklift drivers unload the containers straight from the truck bed. This in turn will 
affect the angular position of the antennas and the radiation. Outside the gate is an 
aluminum wall that reflects the antenna radiation. This may affect the readability and 
need to be further investigated. 

Another important aspect is that equipment that is not protected from forklifts will be 
damaged sooner or later. It is therefore important to protect the RFID antennas with some 
sort of bump protection. 

9.2.3 Budget  
The budget for the Pilot is presented below. The main cost for the Pilot is consultancy fee 
from the supplier, it is also important to highlight that the RFID readers and antennas are 
borrowed from the supplier.  

Cost of Pilot Quantity Price Sum
RFID Hardware 5 700 kr          

Tags 300 14 4 200 kr          
Readers 3 0 Borrowed
Cables (Network) 1 1500 1 500 kr          

Implementation 55 000 kr        
Consulting hours 1 50000 50 000 kr        
Implementation material

Tools & equipment 1 5000 5 000 kr          
Man hours attach hardware 10 0
Man hours other implementation 30 0
Man hours tuning 16 0
Man hours testing 80 0

TOTAL CoP 60 700 kr         
Table 9-1. Cost of Pilot. 

After presenting a mapping of the current situation and work processes, the proposed Pilot 
set-up and a cost benefit analysis, the Pilot was approved by the project owner and 
supervisor Peter Olofsson.  

9.3 Structured Analysis 
In order to find the most suitable location of tags and antennas several structured tests of 
different set-up scenarios were conducted. Four different locations of tags on sidepanels, 
three different antenna configurations at gates and one antenna location at the wrap 
station differentiated these scenarios.  
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9.3.1 Reader Set-Up 
The reader specification is as follows: 

Model Matrics AR 400
Power 2W
Frequency 902-928 MHz
Connectivity Network  
Table 9-2. Reader specification. 

The output power during the structured analysis was set to 30 dBm as initial value. This is 
slightly more than 2 W, according to Gunnarsson from IBM. (27 dBm equals 2 W in these 
conditions.) 

The proposed set-up at gates was using four antennas, two per side. During installation of 
the equipment it was shown that this configuration might not be the most suitable why we 
decided to test with an additional ceiling antenna. The readers used in the Pilot were 
limited to only four antennas why only one side of the gate could be tested properly with 
a ceiling antenna. There are however readers controlling eight or more antennas if this 
set-up is preferred.  

 

 
Picture 9-3. Different antenna set-ups; two antennas, four antennas and ceiling antenna. 

The possibility to have only two antennas at out-gate was also tested since two antennas is 
obviously more cost efficient than four antennas. Different reader set-ups are presented 
below: 

• One readers at in-gate, four antennas 

• One reader at out-gate, two antennas 

• One reader at wrap station, two antennas 
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9.3.2 Tag Set-Up 
The tag used was designed in order to function in steel applications and the tag 
specification is presented below.  

Model Matrics i1010
Frequency 902-928 MHz
Data 96 bit + 16 bit CRC
Power Passive, Read only
Class EPC class 0
Dimension [H, W, D],[cm]2,5 * 18 * 2
Capsulation Rubber
Cost 14 SEK  
Table 9-3. Tag specification. 

There were also four different tag locations tested. Location of tag can have great impact 
on readability, especially in a steel environment. According to sources at IBM the 
theoretically optimal tag location is horizontally, facing the antenna. This however needed 
to be tested in order to state whether this was the case in this situation as well. Concerning 
the platform there was only one possible tag location with regard to forklift handling and 
the frame construction of the platforms. Four different tag locations on the sidepanels are 
presented in the picture below. 

Horizontal Vertical inside

Vertical angle Vertical outside

Horizontal Vertical inside

Vertical angle Vertical outside  
Picture 9-4. Four different tag locations on sidepanels. 

9.3.3 Scenario Descpription 
At arrival we could conclude that at least four antennas were needed due to how container 
parts are stacked when returned. Therefore we did not test a two antenna set-up at arrival. 
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Returned platforms and three potential tag locations on returned sidepanels made eight 
possible scenarios to test at point of arrival. 

Arrival Stacked platforms and sidepanels

Horizontal Vertical inside Vertical outside Platform
Four antennas Scenario 1 Scenario 2 Scenario 3 Scenario 4
Ceiling antenna Scenario 5 Scenario 6 Scenario 7 Scenario 8

Tag locationAntenna location

 
Table 9-4. Eight different scenrios at arrival. 

To test the scenarios for Dispatch both tests at out gate and at the wrap were conducted. In 
order to analyse how many antennas that were sufficient at the out-gate three different 
scenarios were tested. The first scenario using two antennas and two scenarios using four 
antennas respectively. As previously mentioned, one possibility for Dispatch is to read the 
CDC containers at the wrap station. That was also tested by placing two antennas on a 
vertical beam next to the wrap station. This made up sixteen possible scenarios to test at 
dispatch. 

Dispatch One platform, six sidepanels

Horizontal Vertical inside Vertical angle Vertical outside
Two antennas Scenario 9 Scenario 10 Scenario 11 Scenario 12
Four antennas Scenario 13 Scenario 14 Scenario 15 Scenario 16
Ceiling antenna Scenario 17 Scenario 18 Scenario 19 Scenario 20
Wrap antennas Scenario 21 Scenario 22 Scenario 23 Scenario 24

Tag locationAntenna location

 
Table 9-5. Sixteen different scenarios at dispatch. 

9.3.4 Quantitative Measurable 
Key data to be collected from the structured analysis is the functionality of the different 
scenarios. Readability will be analyzed in order to find the most suitable location and set-
up of tags and antennas. The tables with scenarios presented above will ensure that the 
tests will be structured and easy to analyze. In all scenarios we tested the Matrics tag 
present above, a passive tag operating at 902 -  928 MHz. 

The tags are supposed to be tested according to certain key measurables, we will identify 
number of readings compared to number of times tested with regard to the different CDC 
parts and locations. Readability of scenario will be summarized in low, moderate or high. 
We will not have an academic definition of the different classes. Low is when the result is 
way below sufficient levels. Moderate is not sufficient, readability may be increased by 
further tuning. High is either sufficient or very close, only little tuning needed. 
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9.3.5 Results from Structured Analysis 
As stated previously we tested four different tag locations on sidepanels and one tag 
location on platforms. We also tested different locations of antennas at the different 
reading points. Results from the scenarios are presented below. 

Readings at in-gate 
Each reader was limited to control maximum four antennas. At the in-gate we tested two 
different antenna set-ups with four antennas connected to the reader. One set-up had two 
antennas per side and the other set-up had the upper left antenna replaced with a ceiling 
antenna. The results were as follows: 

readings readings
platforms 7 out of 10 11 out of 15
platforms 10 out of 10 13 out of 15
platforms 9 out of 10 15 out of 15
platforms 9 out of 10 12 out of 15
platforms 7 out of 10 13 out of 15
platforms 8 out of 10 14 out of 15
platforms 8 out of 10 11 out of 15
platforms 9 out of 10 12 out of 15
platforms 8 out of 10 14 out of 15
platforms 8 out of 10 13 out of 15
Readability Moderate Moderate

Scenario 4
Gate in, four antennas

 

Table 9-6. Scenario 4 – Gate in, four antennas. 

As seen in the table above, moderate reading rate can be achieved with four antennas, two 
per side. In order to further analyze this we replaced the upper left antenna with a ceiling 
antenna in order to simulate a ceiling antenna, see below. 

readings readings
platforms 9 out of 10 14 out of 15
platforms 10 out of 10 15 out of 15
platforms 10 out of 10 15 out of 15
platforms 10 out of 10 15 out of 15
platforms 8 out of 10 14 out of 15
platforms 10 out of 10 14 out of 15
platforms 9 out of 10 15 out of 15
platforms 10 out of 10 14 out of 15
platforms 10 out of 10 14 out of 15
platforms 9 out of 10 14 out of 15
Readability High High

Gate in, Ceiling antenna
Scenario 8

 

Table 9-7. Scenario 8 – Gate in, roof antenna. 
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Reading rate is considerably improved by the ceiling antenna. In order to ensure reading 
at the in-gate more than four antennas are needed. Probably about six antennas, two at 
each side and two roof antennas would provide with sufficient reading rate. Since the 
readers used in the Pilot was limited to four antennas this was only tested during 
simulation on half a gate. We can conclude that the platforms can be read as they are 
returned. We regard the reading rate with roof antenna as sufficient at this stage. Reading 
rate should be improved by further tuning of exact location of antennas and output power. 

Below is reading rate of returned sidepanels presented, stacked upright or horizontal. As 
seen in the table the reading rate is very poor in all cases. 

Scenario 1 horizontal Scenario 2 vertical inside
readings readings

standing 8 out of 19 6 out of 18
horizontal 3 out of 13 7 out of 12
Readability Low Low

Gate in, four antennas

 
Table 9-8. Scenario 1 & 2 – Gate in, four antennas. 

Note that scenario 3 was never tested since the readability of reading with ceiling antenna 
was low, see scenario 7 below. We didn’t find it valuable to perform test with four 
antennas due to the bad reading rate. We have not tested stacked sidepanels with vertical 
angle tag location, this was also justified by poor reading rate at other tests. It is highly 
unlikely that the reading rate would be improved in the way that would be needed in order 
to meet sufficient reading rate. 

Scenario 5 horizontal Scenario 6 vertical inside Scenario 7 vertical outside
readings readings readings

standing 2 out of 19 6 out of 18 2 out of 19
standing 2 out of 19 10 out of 18 1 out of 19
horizontal 2 out of 13 7 out of 12
horizontal 2 out of 13 7 out of 12
horizontal 2 out of 13 9 out of 12
horizontal 5 out of 13 10 out of 12
horizontal 4 out of 13 7 out of 12
Readability Low Low Low

Gate in, ceiling antenna

 
Table 9-9. Sscenario 5 – 7, Gate in, ceiling antenna. 

During the Pilot we concluded that reading sidepanels as they are returned stacked 19 by 
19 is nearly impossible. Reading rate is slightly improved by the ceiling antenna, reading 
rate is however far below sufficient levels.  

Another important experience learned was that all antennas appeared to have almost the 
same reading rate. Having the sidepanels right in front of the antenna at the lower right of 
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the gate give almost the same reading rate from all four individual antennas. This could be 
explained due to reflection from the aluminium wall outside the gate. An interesting 
observation is that the same operation at the lower left of the gate gave almost no readings 
why the reflection must be further investigated, see chapter 7.5.2 Qualitative Results. 

The fourth location, vertical angle, was not tested in these scenrios. This was justified by 
low reading rate for this location in other tests as well as generally low readability for 
stacked sidepanels.  

Readings at Wrap 
The wrap station is relatively well suited for RFID reading since the tagged items are 
rotating and read during a relatively long time frame (approximately 45 sec.). During 
wrapping the CDC container will rotate and thus put the different parts into different 
angles towards the antenna. This should improve the possibility for the tag to be read by 
the antenna. Location of tag is however still of great importance according to the tests. 
The best case is of course if the tag faces the antenna at the closest point to the antenna. 

Test results from the scenarios at wrap station are presented below: 

readings readings readings readings
Platform 4 out of 4 4 out of 4 4 out of 4 4 out of 4
Low 0 out of 4 4 out of 4 4 out of 4 4 out of 4
Low 0 out of 4 4 out of 4 4 out of 4 4 out of 4
Mid 4 out of 4 4 out of 4 4 out of 4 4 out of 4
Mid 2 out of 4 4 out of 4 4 out of 4 4 out of 4
High 0 out of 4 3 out of 4 4 out of 4 4 out of 4
High 0 out of 4 4 out of 4 4 out of 4 4 out of 4
Readability Low Moderate High High

Scenario 23 
vertical angle

Scenario 24 vertical 
outside

WRAP
Scenario 21 
horizontal

Scenario 22 
vertical inside

 
Table 9-10. Scenario 21 – 24, Tag locations at wrap. 

From the table above we can make some interesting conclusions. Scenario 13 with the tag 
placed horizontally has insufficient reading rate. Vertical tags however meet sufficient 
reading rate. Scenario 14 and 15 had lowest reading of top sidepanels, cannot be seen in 
table above but was identified when performing the tests. This is probably explained by 
the fact that the tag is facing the antenna when it is far from the antenna and has a vertical 
steel beam from the side panel between the tag and the antenna at the nearest reading 
point. Scenario 16 had good reading rate of all sidepanels and platform, between 30 - 70 
readings during 6 laps. Lowest reading rate was on mid sidepanels, which is rather strange 
compared to scenario 14 and 15. This reading rate is however sufficient. Best reading rate 
on the wrap was the vertical outside location of the tag, this location has however low 
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protection against rough handling in the goods flow. Another interesting aspect was that 
both antennas had almost the same reading rate. The lower antenna in almost every case 
also read a tag read by the upper antenna.  

Readings at Out-Gate 
Initially the proposed set-up had reading only at wrap station and in-gate. We found the 
wrap station to be the most cost efficient way to increase visibility over handling material. 
This solution was however dependant on tracking of the goods with barcode technology 
since the handling material was linked to the carried goods at the wrap station. In order to 
get valuable information for a possible RFID implementation in the future it was IKEA’s 
request that we also analyzed the possibility to equip an out-gate with RFID readers. We 
analyzed three possible antenna set-ups; two antennas, four antennas and a simulation of 
six antennas with a ceiling antenna. 

readings readings readings readings
Platform 5 out of 5 5 out of 5 3 out of 5 5 out of 5
Low 0 out of 5 5 out of 5 0 out of 5 5 out of 5
Low 0 out of 5 5 out of 5 5 out of 5 0 out of 5
Mid 3 out of 5 5 out of 5 1 out of 5 5 out of 5
Mid 5 out of 5 5 out of 5 2 out of 5 5 out of 5
High 0 out of 5 5 out of 5 4 out of 5 5 out of 5
High 0 out of 5 5 out of 5 0 out of 5 4 out of 5
Readability Low High Low Moderate

Gate out, two antennas
Scenario 9 
horizontal

Scenario 10 
vertical inside

Scenario 11 
vertical angle

Scenario 12 
vertical outside

 
Table 9-11. Scenario 9 – 12, gate out two antennas. 

We can easily conclude that location of the tag has great impact on the readability. In this 
case the vertical location on the inside and the outside worked considerably better than the 
other locations. 

readings readings readings readings
Platform 5 out of 5 5 out of 5 5 out of 5 5 out of 5
Low 2 out of 5 5 out of 5 4 out of 5 5 out of 5
Low 4 out of 5 5 out of 5 1 out of 5 5 out of 5
Mid 5 out of 5 4 out of 5 4 out of 5 5 out of 5
Mid 4 out of 5 5 out of 5 4 out of 5 5 out of 5
High 5 out of 5 5 out of 5 4 out of 5 5 out of 5
High 0 out of 5 5 out of 5 4 out of 5 5 out of 5
Readability Low High Moderate High

Gate out, four antennas
Scenario 13 
horizontal

Scenario 14 
vertical inside

Scenario 15 
vertical angle

Scenario 16 
vertical outside

 
Table 9-12. Scenario 13 – 16, gate out four antennas. 
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As can be seen above, reading rate is improved with four antennas than two antennas on 
all tag locations. Reading rate of horizontal and vertical angle is low to moderate, which 
is not sufficient. Vertical inside is better read than vertical angle at gate. Best reading rate 
is achieved with the tag located vertically on the inside or the outside of the sidepanel. 

readings readings readings readings
Platform 4 out of 5 5 out of 5 5 out of 5 5 out of 5
Low 1 out of 5 5 out of 5 4 out of 5 5 out of 5
Low 1 out of 5 5 out of 5 0 out of 5 5 out of 5
mid 5 out of 5 5 out of 5 4 out of 5 5 out of 5
mid 5 out of 5 5 out of 5 1 out of 5 5 out of 5
High 4 out of 5 5 out of 5 4 out of 5 5 out of 5
High 1 out of 5 3 out of 5 0 out of 5 5 out of 5
Readability Low High Low High

Gate out, ceiling antenna
Scenario 17 
horizontal

Scenario 18 
vertical inside

Scenario 19 
vertical angle

Scenario 20 
vertical outside

 
Table 9-13. Scenario 17 –20, gate out ceiling antenna. 

As we can see, the ceiling antenna will not definitely improve readability of the tagged 
items at the out gate.  

The lower reading of the “high” tag at scenario 10 was found when driving through the 
centre of the gate. Reading rate was improved when driving to the right, closer to the 
antennas.  

Regarding scenario 11 reading was highly decresed when driving at the left hand side of 
the gate. We suspected that interference and reflection from a aluminum wall on the right 
hand side caused these problems. This is further described in chapter 7.5.2 Qualitative 
Results. 

9.4 Qualitative Analysis 
During the qualitative analysis several issues having great impact on readability were 
identified. The qualitative results are results that could not be measured during the 
structured analyses but are still important. The issues that were tested were the following: 

• Reflection  

• Antenna output power 

• Alternative tag 
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9.4.1 Reflection  
On the right hand side of the in-gate there was a wall of aluminum that we suspected had 
impact on the readability. We sometimes made interesting findings when testing at 
different locations in the gate. The readability on the left-hand side seemed to be low and 
we identified reflection from the wall as a potential cause. This is further analyzed below. 

9.4.2 Antenna Output Power 
The output power has great impact on the readability. In many cases readability is 
improved by increased power. Increased power will increase the reading range, hence 
reading tags over greater distances. However, this is not applicable in every case, 
increased output power will not always improve readability. In the case described above, 
the aluminum wall, readability was low, probably due to interference between direct and 
reflecting radio waves. After decreasing the output power from the antennas on the left-
hand side the readability increased, probably because of less interfering radiation. Results 
from qualitative analysis of varied output power are presented below. Four antennas were 
used; two on each side, and the tag was located vertically on the inside of the sidepanel.  

right 30dBm left 30dBm right 25dBm left 25dBm right 20dBm left 20dBm right 16dBm left 16dBm
readings readings readings readings readings readings readings readings

Platform 3 out of 3 3 out of 3 3 out of 3 0 out of 3 1 out of 3 0 out of 3 0 out of 3 0 out of 3
Low 3 out of 3 3 out of 3 3 out of 3 0 out of 3 0 out of 3 0 out of 3 0 out of 3 0 out of 3
Low 3 out of 3 3 out of 3 3 out of 3 1 out of 3 3 out of 3 0 out of 3 0 out of 3 0 out of 3
Mid 3 out of 3 3 out of 3 3 out of 3 0 out of 3 0 out of 3 0 out of 3 0 out of 3 0 out of 3
Mid 3 out of 3 2 out of 3 1 out of 3 0 out of 3 0 out of 3 0 out of 3 0 out of 3 0 out of 3
High 3 out of 3 3 out of 3 3 out of 3 3 out of 3 0 out of 3 0 out of 3 0 out of 3 0 out of 3
High 3 out of 3 3 out of 3 2 out of 3 3 out of 3 0 out of 3 0 out of 3 0 out of 3 1 out of 3
Readability High Moderate Moderate Low Low Low Low Low

Four antennas, variable output power

 
Table 9-14. Qualitative analysis of output power, high to low. 

In table 18 above the output power was the same on both sides of the gate. Four test 
scenarios were conducted with power between 16 and 30 dBm, decreasing the output 
power 5 dBm each time. (27 dBm equals 2 W output power in these conditions.)  

We can conclude that the reading is relatively high when the output power is 30 dBm, 
decreased output power decreases the readability. In table 19 below the power was set to 
30 dBm on the right side, varying the left side antennas between 25 and 0 dBm. One 
could expect the readability to be decreased when decreasing the power on one side of the 
gate. 
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right 30dBm left 25dBm right 30dBm left 20dBm right 30dBm left 16dBm right 30dBm left off
readings readings readings readings readings readings readings readings

Platform 3 out of 3 3 out of 3 3 out of 3 3 out of 3 3 out of 3 3 out of 3 3 out of 3 3 out of 3
Low 3 out of 3 3 out of 3 3 out of 3 3 out of 3 3 out of 3 3 out of 3 3 out of 3 3 out of 3
Low 3 out of 3 3 out of 3 3 out of 3 3 out of 3 3 out of 3 3 out of 3 3 out of 3 3 out of 3
Mid 3 out of 3 3 out of 3 3 out of 3 3 out of 3 3 out of 3 3 out of 3 3 out of 3 3 out of 3
Mid 3 out of 3 1 out of 3 3 out of 3 2 out of 3 3 out of 3 3 out of 3 3 out of 3 1 out of 3
High 3 out of 3 3 out of 3 3 out of 3 3 out of 3 3 out of 3 3 out of 3 3 out of 3 3 out of 3
High 3 out of 3 3 out of 3 3 out of 3 3 out of 3 3 out of 3 3 out of 3 3 out of 3 3 out of 3
Readability High Moderate High Moderate High High High Moderate

Four antennas, variable output power

 
Table 9-15. Qualitative analysis of output power, asymmetric power. 

We can conclude that the readability is not decreased expectedly. Readability is high to 
moderate in every case except in the 30/16 case when full readability is met. One 
conclusion from this is that it appears to be the antennas on the right side that are reading 
most of the tags. The power of these is unchanged in this test.  We can also conclude that 
we have higher readability when the left antennas are set to 16 dBm rather than 30 dBm 
on both sides. This seems to be the optimal power in this case. One reason for this may be 
that the aluminium wall on the right side of the gate may interfere with the antennas on 
the left side. This may explain why most readings are made by the antennas on the right 
side.  

We are aware that we have only done limited testing under limited conditions why there 
is room for misleading results. Our final conclusion however, is that the output power 
cannot easily be predicted from case to case. It must be tuned in every unique condition in 
order to meet optimal functionality of the RFID system.  

9.4.3 Alternative Tag 

We had the ambition to test an alternative tag from another supplier during the qualitative 
analysis. We therefore ordered a number of AWID tags (Applied Wireless). Problems 
with different standards regarding the RFID technology became very real when we 
concluded that the AWID tag followed ISO standard and not the EPC standard that our 
current readers were specified for. Tests could not be performed. 

9.5 Results from Pilot 
The Pilot provided several interesting aspects, which will be presented further below. One 
can conclude that it is difficult to read steel containers over a long reading distance. 
However the platforms can be read with satisfactory reading range, which enables a 
tagging of platforms only. Increased visibility of platforms will hopefully improve the 
TSP’s processes and that could decrease the shrinkage of sidepanels as well.  
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Regarding the development of the RFID model, which is the purpose of the thesis, the 
most important lesson learned is that it is important to allow enough time for testing 
different scenarios and tune the equipment in order to find the most suitable set-up. 

9.5.1  Results from Structured Analysis 
Arrival 
A ceiling antenna seems to provide with a lot better reading rate with regard to returned 
platforms. Best set-up is probably six antennas per gate; two per side and two on top of 
the gate. Tuning of exact location and output power is needed in order to meet very high 
reading rates. 

We can conclude that it is nearly impossible to meet sufficient reading rate of returned 
sidepanels. This is probably due to the amount of steel that occurs when the sidepanels are 
stacked either 13 by 3 or 19 by 3 together. 

Dispatch 
One platform with six sidepanels can be read successfully both at the out-gate and at the 
wrap station. Best readability is met with vertical inside or outside at the gate, however 
needing at least four antennas. Best reading rate at the wrap station is met using tag 
located at vertical angle or outside. The conclusion is that best overall readability is  
reached with the tag placed vertically on the outside of the sidepanel. This location is 
however less protected against rough handling. 

Two antennas seem to be sufficient at the wrap station. The lower antenna was placed 
only a few centimeters above the floor and the upper antenna approximately 15 cm above 
the lower one tilted towards the rotating disk approximately 15 – 20 degrees. 

9.5.2 Qualitative Results 

During the qualitative analysis we had the opportunity to explore issues that were 
identified in the structured analysis of different scenarios. We were not able to give a 
detailed instruction into tuning and installations, rather some general conclusions: 

Reflection is an issue that is very difficult to predict. On-site test must be performed in 
order to analyze every unique situation. The only conclusion from this is that every case 
must be analyzed and that enough time and effort must be spent on installation and 
tuning. 

Optimal installations cannot be predicted theoretically. The output power must be tuned 
in real conditions in order to meet sufficient readability. Increased output power may not 
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imply improved readability. In some conditions, whit reflection or other interference, 
better readability can be met by decreasing the output power of specific antennas. 

9.5.3 Three Positive Experiences 

• The technology works, we have been testing in the worst possible scenario. 

• A satisfactory reading rate can be achieved on the platforms. 

• The organization seems very positive to a solution for the handling material. 
An implementation is easily supported. 

9.5.4 Three Negative Experiences 

• Readability in steel environment is poor. 

• Readability is difficult to predict with regard to antenna location, output power, 
reflection etc. 

• Installation and tuning of the equipment takes a lot of time and effort in order 
to meet sufficient functionality. 
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10 Conclusion 
In this chapter the final conclusions from the project are presented. We will fulfill the 
purpose by presenting a model for justification and evaluation of RFID technology. 

10.1 RFID on Handling Material 
We can conclude that we have performed an RFID Pilot in one of the worst possible 
scenarios with relatively long reading ranges and large amount of steel decreasing the 
readability. We can however find a solution for some improvements of the visibility over 
handling material. We have found a solution to tag the platforms with RFID, we are 
however not able to read the sidepanels as they are returned. 

The structured analysis of different scenarios showed that it will be very difficult to 
successfully equip every CDC container with RFID tags as it is designed today. We hope 
that this master thesis will increase knowledge about RFID technology and its potentials 
and limitations. Perhaps some experiences can be used when designing new handling 
material or similar making them a little more suited for RFID. 

10.1.1 Lessons Learned 
One important experience from the project was that there are lots of factors that have 
impact on the readability and functionality of the RFID system. These factors can in many 
cases be very difficult to predict why it is of great importance to test potential set-ups in 
real environment. It is not possible to theoretically design a successful RFID solution 
without testing. 

We highly recommend that enough time is spent initially on evaluation of different 
scenarios before best suited set-up is chosen. Once a suitable set-up is identified, it is 
important to spend sufficient time and effort on implementation and tuning. Lack of 
previous installations makes it very difficult to estimate budgeted time and cost of 
installation. Time and cost of installation and tuning in order to meet sufficient 
functionality should not be underestimated.  

10.2 RFID Model 
The purpose of this model is to enable a structured and extensive model for justification 
and evaluation of RFID implementations. We believe that the generality of this model is 
high and that the model can be used on RFID implementations outside the scope of this 
case study; handling material at IKEA Customer Distribution Centre. 
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During the init ial phase of this project much effort was put into the task definition in order 
to conduct the research study in a structured manner and guarantee that the purpose is 
fulfilled. In chapter 4.5 Specific Research Questions we presented a tree structure aiming 
to discover how to increase visibility of the CDC containers in Torsvik with RFID 
technology. We had a relatively clear idea to divide the question into evaluation and 
justification, although they are highly dependant on each other. The tree structure is  
presented below to be recaptured by the reader. 

How to increase visibility of 
the CDC containers in Torsvik 

with RFID technology?

How to design a RFID solution 
on a CDC container?

What is the Return On 
Investment?

What are the technical issues 
regarding RFID?

What are the physical 
conditions at Torsvik?

Will a RFID solution work in 
Torsvik environment?

Which processes will be 
affected?

What is the cost of
investment ?

What are the benefits?

How to increase visibility of 
the CDC containers in Torsvik 

with RFID technology?

How to design a RFID solution 
on a CDC container?

What is the Return On 
Investment?

What are the technical issues 
regarding RFID?

What are the physical 
conditions at Torsvik?

Will a RFID solution work in 
Torsvik environment?

Which processes will be 
affected?

What is the cost of
investment ?

What are the benefits?
 

Picture 10-1. Decomposition of thesis purpose (recaptured from 4.5 Specific Research Questions). 

After performing the research study, with focus on performing the Pilot in Torsvik, we 
had valuable input into developing a model for justification and evaluation of RFID 
technology. Not until we started the actual tests during the Pilot did we understand the 
importance of an iterative model. One cannot design an RFID implementation entirely 
theoretically. Different scenarios, with different costs, must be evaluated in order to find 
the most suitable, cost efficient solution.  

We are however satisfied with the different areas we decomposed the problem into, and 
find them suitable in the model as well. The six problem areas are presented below as a 
model. As we can see the problem areas are answering the questions regarding RFID 
solution and Return on Investment and finally fulfils the purpose of the thesis. 
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Evaluation

How to conduct 
implementation of 
RFID technology?

How to design an 
RFID solution?

What is the Return 
on Investment?

Discover technical issues 
regarding RFID:

• Tag
• Reader

• System overview

Discover physical conditions on 
site:

• Potentials
• Limitations

RFID solution in operational 
environment (Pilot):

• Different possible scenarios
• Qualitative analysis

Process change:
• Negative affections

• Limitations
• Potential improvements

Justification
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If not
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Picture 10-2. Model for justification and evaluation of RFID technology. 

Technical issues and Physical conditions: The initial steps in the model is to discover 
technical issues and physical conditions on site, these are highly dependant. There are 
three main areas regarding technical issues; tags, readers and system overview. Potential 
technology aims to clarify which RFID technology is suited for this particular business 
case. There are several important aspects that need to be considered before the proposed 
design is made, such as operational environment, material of items to be tagged, reading 
range etc. Each of the different RFID set-ups has its pros and cons why these are 
important areas to address.  We find these common for every different RFID 
implementation and they are affected by potentials and limitations on site. A well chosen 
RFID set-up can also enhance potentials on site. 

RFID solution in operational environment: In order to fully discover potentials and 
limitations of an implementation one must conduct a Pilot. The Pilot should preferably be 
split into structured analysis of different scenarios as well as qualitative analysis:  
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• Structured analysis of different scenarios 

– Structured analysis of different scenarios should be performed in order to 
find the best solution regarding readability and investment. 

• Qualitative analysis in operating environment. 

– Qualitative analysis will provide answers regarding the functionality of the 
RFID system in operations. 

A scenario is a potential set-up that needs to be tested in order to find the most suitable 
solution. This could be different location of reading points or different placements of tags. 
There are several aspects that must be tested in real environment, some of which are very 
difficult to predict. This aims to find the most suitable set-up to be tested with regard to 
qualitative aspects such as tuning of power and locations. 

Process change: When finding the most suitable set-up due to physical conditions one 
must consider the solution in work processes. There are limitations in current processes to 
be considered, negative affections to justify and potential improvements to be discovered. 
These questions are highly dependant on potential improvements and the possibility to 
gain benefits from an RFID implementation. 

The four areas presented above are segmented under evaluation of RFID technology. It is 
of great importance to justify implementations through a Cost Benefit analysis. 

Discover costs: We have specified two main cost groups; cost of investment and running 
costs. Cost of investment includes cost  of hardware such as tags, readers, servers etc and 
cost of implementation includes project management, software development etc. These 
costs are highly dependant on each specific case. Naturally, cost of investment is highly 
dependant on answers found in step one; technical RFID issues.  

Discover benefits: There are tangible as well as intangible benefits, we have chosen to 
include only tangible benefits in the Return on Investment calculation due to the difficulty 
to identify actual savings of intangible benefits. It is however important to identify 
intangible benefits as well in order to fully justify investment. We have chosen to present 
these with expected impact on a four grade scale; quarter, half, three quarters and full 
impact. As seen in the picture above benefits are dependant on changes in processes, 
improvements or degeneration. 
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Finally, the Cost Benefit analysis will have impact on the evaluation of technology, there 
may be a need for reconsideration. Naturally, there is no point of implementing an RFID 
set-up that cannot be justified with the Cost Benefit analysis.  

10.3 Generality of RFID Model 
The model presented above is developed from a case study at the IKEA CDC in Torsvik. 
Every implementation of new technology should be justified financially and evaluated in 
some manner. We believe that the generality of the model is high and can be applied in 
most RFID projects. The model above can be generalized and presented as five steps in a 
flow chart below.  

Cost Benefit 
analysis 

Pilot

Different scenarios

Operating environment

Refined Cost 
Benefit analysis

Final design

Theoretical analysis of situation

Refined 
design

Evaluation Justification

Potential 
technology 

Cost Benefit 
analysis 

Pilot

Different scenarios

Operating environment

Refined Cost 
Benefit analysis

Final design

Theoretical analysis of situation

Refined 
design

Evaluation Justification

Potential 
technology 

 
Picture 10-3. Generalized model for justification and evaluation. 

Step 1 is to analyze the current situation with regard to the problem where RFID is a 
supposed solution. This step should also clarify the business case and the problems RFID 
is supposed to solve. This step will further identify other business cases that may have 
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solved similar problems. Output from this step will be a clear business case and a 
mapping of site and current processes.  

Step 2 consists of two incremental activities; Potential technology and Cost Benefit 
analysis. These activities need to be incremental since it is important that the technology 
can realize the benefits as well as being financially justified.  

The output from this step will be a proposed design based on the evaluation of the 
technology with different  scenarios that will be tested in the next step and a return on 
investment that will either justify or reject the business case. 

How to choose supplier is dependant on choice of technology and level of cost as well as 
other internal requirements. There are several fallacies why it is recommended that the 
supplier has extensive knowledge, preferably previous experience from implementation of 
RFID systems.  

Step 3 Perform Pilot. The time for the Pilot must not be underestimated. The system must 
have a high and reliable reading rate why all scenarios must be evaluated.  

The Pilot is regarded as a very important step since this will be the opportunity to test 
proposed RFID set-ups in real conditions. The Pilot will provide with a lot of useful 
information in order to design a final solution. 

Step 4 will be to evaluate and refine the RFID design and the Cost Benefit analysis. After 
the Pilot, several scenarios will be cancelled and a proposed design can be identified. The 
Cost Benefit analysis can be refined with regards to changed cost of installation and 
equipment due to the results from the Pilot performed in step 3. 

Step 5 is to deliver a final design supported by a financial justification as well as an 
evaluation of RFID technology. This will be a complete document consisting of a 
mapping of current situation, a blue print over the RFID design, technical specifications 
regarding RFID components as well as system requirements and a return on investment 
calculation to justify the RFID investment. 
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11 Further Areas of Investigation 
In this chapter we will present further areas of investigation that we have identified. 
These will be presented with regard to next steps for IKEA, further use of RFID within 
IKEA and potential further academic research. 

11.1 RFID at CDC 
In this part we are suggesting next steps for IKEA regarding the CDC container situation. 
Platforms and sidepanels can be read at wrap and out-gate when using suitable tag and 
antenna location. 

Platforms can be read when returned, sufficient reading rate can be achieved by fine 
tuning of location and output power of antennas. Current tag location is suitable. 

Reading rate of returned sidepanels are not sufficient why we do not advocate that 
sidepanels should be equipped with tags. 

Tagging of the platforms will provide with information for claim and invoice of lost or 
late handling material. This will force the TSP to improve their processes and this will 
hopefully have positive impact on not only platforms but all kinds of handling material. 

11.2 Further Areas of Use for RFID 
An important part of our delivery to IKEA is the potential benefits of RFID not only on 
handling material at the CDC in Torsvik. Having read lots of articles about different 
RFID implementation we have gathered ideas about possible applications within the 
IKEA organization. Implementing readers at strategic locations in store will provide with 
valuable information about customer movement as well as store levels. This information 
can be used for more efficient space management potentially resulting increased sales. 

11.2.1 RFID in the Distribution 

• RFID customized handling material 

– Will provide with possibility of tracking in flow, may improve handling and 
increase efficiency in distribution. 

• Tag pallets  

– Will improve distribution, decrease manual activities such as barcode 
reading. 
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• Tag cases  

– Will improve handling in distribution and stores. 

• Tag articles  

– Will improve handling in distribution and stores. 

• Tag forklifts 

– Will increase rate of automation, improved yard management. 

11.2.2 RFID in Stores 

• Tag trolleys  

– Trace customer movements in store (with regard to trolley). 

– Will provide with possibility to have customized offers on trolleys or 
screens. 

• Tag bags 

–  Trace customer movements in store (with regard to bag). 

• Tag articles 

– Readers at shelves will provider with better visibility over stock. 

– Will provide with information regarding purchase behavior. 

– Readers at cashier will improve, speed up, point of sales. 

– Mobile readers for customers or personnel will provide with customized 
offers with regard to customers’ mix of products. Better information, more 
and accurate data, will provide with possibility to customize offers and 
segment markets during day, peak hours etc. 

11.3 Further Areas of Academic Research 
We have developed what we believe is a model with high generality for justification and 
evaluation of RFID technology. The fact that a solid business case is important in order to 
justify investment in every new technology is well known. Different ways to make cost 
benefit analysis, and return on investment calculations, are also well established.  

After performing this Pilot and making both structured analysis of different scenarios and 
qualitative analysis we have found some areas that are interesting for further research. We 
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have stressed the importance of testing and tuning in every real environment. It would 
however be helpful to have better knowledge regarding interference and reflection issues. 
What is the best output power in different scenarios? We would have been helped from 
some kind of manual in order to have a better sta rt scenario to work from. These are areas 
that can be further researched. 
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Glossary 

Antenna  Antenna will transmit radio signal in order to track potential radio 
tags within range 

AS/RS  Automatic storage and retrieval system 

Back off product Lower quality product that is extremely cheap at IKEA, often the 
customer backs off and decides to chose one that is of slightly better 
quality 

BTI  Breath Taking Item; Product available at IKEA at a price so low that 
the customer looses his/her breath 

CDC Customer Distribution Center 

CDC container IKEA designed carrier for customer orders, consists of different parts 
in order to be suitable for different customer orders 

CD-HM Customer Distribution – Handling Material 

CNS Carrier Notification System 

COD Customer Order Distribution 

CSM Consignment, delivery note 

DS North Distribution Services North 

EPC An RFID standard organization 

ERP  Enterprise Resources Planning 

EUR pallet Standardized wood pallet used as carrier for goods 

Filling rate Defined by IKEA as; ratio between goods volume and booked load 
capacity 

FTL Full Truck Load 

HM Handling material, all kinds of pallets and containers 

Hot dog Product that most people know the market price of, however sold at a 
much lower price at IKEA. Can also be a lighter meal 

IKEA A multinational furniture company, short for Ingvar Kamprad 
Elmtaryd Agunnaryd 
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Reader Control unit for RFID reading, in our case one reader could control 
four antennas 

RFID Radio Frequency Identification 

SHP Shipment, delivery 

Tag Radio chip and antenna to be placed on tracked item  

Transponder Other word for Tag 

TSP Transport Service Provider, can be Posten, DHL or similar, can also 
be a hub used by Posten 

WMS Warehouse Management System 
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Appendix A – Net Present Value 
Net Present Value calculation

Net Present Value
Cost of Capital 4,5%

Year 1 Year 2
Cost Amount Cost Amount

Cost of Investment 3 660 200 kr   0 kr

Cost of Hardware
Tags

Platform 14 16000 224 000 kr      
Side panel 14 64000 896 000 kr      

Readers
Controller / Antenna unit 10000 12 120 000 kr      
Antenna 5000 36 180 000 kr      

Control Units - kr                  
Server 9000 3 9 000 kr          
Cables 40000 40 000 kr        
Redundant numbering (Not RFID) 19000 19 000 kr        

- kr                  
TOTAL CoH 1 488 000 kr   
Cost of System Integration

Man hours attach hardware 200 1500 300 000 kr      
Cost of software development 1000 1350 1 350 000 kr   
Man hours software implementation 1000 450 450 000 kr      

- kr                  
TOTAL CoSI 2 100 000 kr   
Cost of Pilot 72 200 kr        
TOTAL CoP 72 200 kr      

Running Cost [Yearly] 404 000 kr      459 750 kr      

Replacing equipment
Tags

Platform 14 200 2 800 kr          20 400 8 000 kr          
Side panel 14 300 4 200 kr          36,75 1000 36 750 kr        

Readers 10000 0 - kr                  35000 1 35 000 kr        
Antennas 5000 10 50 000 kr        5000 10 50 000 kr        
Man hours attach tags & readers 200 10 2 000 kr          200 50 10 000 kr        

- kr                  - kr                  
Sysem maintenance - kr                  - kr                  

Software licence cost 150000 1 150 000 kr      150000 150 000 kr      
Software upgrading cost 75000 1 75 000 kr        50000 50 000 kr        
Operational system owner 250 480 120 000 kr      250 480 120 000 kr      

TOTAL RC 404 000 kr      459 750 kr      

Running Revenue [Yearly] 4 045 270 kr   4 045 270 kr   

Tangible Benefits
Decreased shrinkage 1 4 000 000 kr   1 4 000 000 kr   
Reduced need of safety stock 1006000 4,5% 45 270 kr        4,5% 45 270 kr        

TOTAL Tangible Benefits 4 045 270 kr   4 045 270 kr   

3 412 190 kr             
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Appendix B – Payback Period 
First year calculations

Worst case Best case

Payback period [Years] 1,52 0,98

Cost Amount Cost Amount
Cost of Investment 5 298 000 kr   3 638 000 kr   

Cost of Hardware
Tags

Platform 30 16000 480 000 kr      14 16000 224 000 kr      
Side panel 30 64000 1 920 000 kr   14 64000 896 000 kr      

Readers
Controller / Antenna unit 10000 12 120 000 kr      10000 12 120 000 kr      
Antenna 5000 36 180 000 kr      5000 36 180 000 kr      

Control Units - kr                  - kr                  
Server 9000 3 9 000 kr          9000 3 9 000 kr          
Cables 40000 40 000 kr        20000 20 000 kr        
Redundant numbering (Not RFID) 19000 19 000 kr        19000 19 000 kr        

TOTAL CoH 2 768 000 kr   1 468 000 kr   
Cost of System Integration

Man hours attach hardware 200 1500 300 000 kr      200 1500 300 000 kr      
Cost of software development 1200 1350 1 620 000 kr   1000 1350 1 350 000 kr   
Man hours software implementation 1200 450 540 000 kr      1000 450 450 000 kr      

TOTAL CoSI 2 460 000 kr   2 100 000 kr   
Cost of Pilot 70 000 kr        70 000 kr        
TOTAL CoP 70 000 kr      70 000 kr      

Running Cost [Yearly] 569 450 kr      341 800 kr      

Replacing equipment
Tags

Platform 36,75 400 14 700 kr        14 200 2 800 kr          
Side panel 36,75 1000 36 750 kr        14 500 7 000 kr          

Readers 10000 2 20 000 kr        10000 1 10 000 kr        
Antennas 5000 10 50 000 kr        5000 10 50 000 kr        
Man hours attach tags & readers 200 20 4 000 kr          200 10 2 000 kr          

Sysem maintenance
Software licence cost 200 000 kr      100000 1 100 000 kr      
Software upgrading cost 100 000 kr      50000 1 50 000 kr        
Operational system owner 300 480 144 000 kr      250 480 120 000 kr      

TOTAL RC 569 450 kr      341 800 kr      

Running Revenue [Yearly] 4 045 270 kr   4 045 270 kr   

Tangible Benefits
Decreased shrinkage 4 000 000 kr   4 000 000 kr   
Reduced need of safety stock 1006000 4,5% 45 270 kr        1006000 4,5% 45 270 kr        

TOTAL Tangible Benefits 4 045 270 kr   4 045 270 kr    


