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"Who am I to  believe about the speed of introduction of Radio Frequency Identification (RFID) in the

world of CPG and RETAIL?"

"Will RFID give me added value in the form of reduced costs, improved quality or an increase in my

turnover?"

"In which business processes is RFID the real driver for substantial benefits?"

"Should I wait for the early adopters or should I become one myself?"

These are just a few of the questions that are on the minds of manufacturers and retailers. LogicaCMG

has explored these issues in the RFID Benchmark Study that you now have before you. 

From October 2003 to March 2004, a team of senior consultants and managers worked on an extensi-

ve European RFID study into the strategic and operational processes used by over 50 manufacturers,

retailers and logistics companies in the CPG and retail industry. The use of RFID in returnable transport

items (RTI) was central to this study, where practical feasibility of business cases was a key element.

It is my sincere conviction that this report provides answers to many business questions and presents

arguments to support you as you decide if and when to use RFID in your business. The in-depth ana-

lysis of the interviews found in chapters 5 and 6 is directly relevant when formulating a RTI strategy

for your business.

One of the most important conclusions of the study is that the use of RFID in returnable transport items

is an irreversible process and involves the entire supply chain. As demonstrated by the representative

business cases, developing an RFID strategy is a must for many companies. I would advise you not to

wait too long to get started.

Concluding my preface I would like to thank all the companies who contributed in any way to this

study. 

I hope you enjoy reading it and can use it to your advantage!

Paul Stam de Jonge

Sales & Marketing Director 

LogicaCMG

Industry, Distribution & Transport

Making Waves:
RFID Adoption in Returnable Packaging
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Management
Summary

Wal-Mart, Albertsons and Target - three of the

four largest retailers in the United States- require

their major suppliers to deliver all pallets and

cases with Radio-Frequency Identification (RFID)

tags, starting in 2005. Improved supply chain

visibility, more efficient processes and higher

turnover are the benefits these companies anti-

cipate achieving. The impact on the retail sup-

ply chain is enormous. 



Many retailers, manufacturers and logistics

service providers wonder when 'Europe' will

reach this stage. In this study we answer part of

this question. 

The starting point for this study is the retail

supply chain, consisting of suppliers, manufac-

turers, and retailers. The focus is on reusable

packaging, or more specifically, returnable

transport items (RTI), such as pallets, crates and

roll containers. We anticipate that producers will

fit these items with RFID tags relatively quickly,

because the tags can be reused. Returnable

transport items are widely used in the European

retail supply chain, often in a common pool

managed by a pool organiser or logistics service

provider.

In this study, LogicaCMG has worked closely

with EAN Nederland and ECR D-A-CH. Between

November 2003 and February 2004, we inter-

viewed fifty organisations in six European coun-

tries. These interviews are complemented by a

cost/benefit analysis and a study of the available

literature. It is the most in-depth investigation

of this subject in the European retail market

conducted to date.

In this management summary we discuss the

following matters in brief:

� RFID advantages and applications 

� Findings from the interviews

� Technical limitations

� Consequences of implementation. 

RFID advantages and applications

RFID technology is based on a relatively simple

concept. It consists of two elements that com-

municate through radio transmission: a tag and

a reader. The tag contains a small chip and an

antenna and can be placed on any object. The

information on the tag, such as an identification

number, can be transmitted to an RFID reader

over a distance of a few metres. The readers are

placed in various locations throughout the sup-

ply chain, such as at the doors of a distribution

centre. RFID technology makes it possible to

identify and track objects without time delays

and without human intervention. In principle,

companies can optimise the logistics process

better with RFID than with barcodes, the tradi-

tional method of identifying objects within the

supply chain.

When using RFID for RTI's, we distinguish two

applications: asset management of the RTI pool,

and tracking the flow of goods. 

RTI pool organisers primarily benefit from better

asset management, for example by reducing safe-

ty stocks. Tracking the flow of goods with RFID

provides a number of advantages for retailers and

manufacturers, including efficiency improve-

ments in distribution centres, fewer errors, and

better tracking and tracing for food safety. 

The costs and benefits of these applications

have been quantified in a generic supply chain

model, concentrating on reducing safety stocks

and improving efficiency in handling. The

investment consists of RFID tags and readers.

We conservatively estimate these at 0.50€ per

RFID tag and 30,000€ for the installation of

RFID readers at each point in the chain, and

these prices will drop further in coming years.

In the generic supply chain that we studied, the

use of RFID on RTI's gives a positive financial

result. The advantages are primarily gained in

the distribution centres and at RTI pool organi-

sers. The payback period for the investments is

between two and three years. Section 6 contains

detailed information on this cost/benefit analy-

sis. In reality each situation will be different,

making it very important for each organisation

to conduct its own cost/benefit analysis.

Findings from the interviews 

Given this positive financial analysis, it is

important to see whether companies will actual-

ly start to implement RFID in their organisa-

tions. The interviews reveal the following:

� The number of RFID pilots increases signifi-

cantly in 2004. Out of the companies inter-

viewed, almost 50 % will gain experience

with RFID in a pilot project in 2004. 
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� Eleven companies anticipate starting

implementation before the end of 2005. The

majority of the followers expect to start

within two to three years from now. The UK

is ahead of the rest of Europe.

� We expect that crates and cases will be fitted

with RFID tags before pallets, because this

provides more value to retailers. 

� The majority of the early adopters support

EPC (Electronic Product Code) as the data

standard and UHF (Ultra-High Frequency) as

the frequency for open supply chain applica-

tions. 

� The early adopters have a long-term vision

and expect additional benefits to become

clear after implementation. There is current-

ly a big gap in knowledge and vision

between the early adopters and the followers. 

� Because RFID implementations impact the

entire supply chain, the work of the early

adopters will create a snowball effect. It is

important for all companies to obtain expe-

rience with this technology in the short term. 

� The use of RFID in RTI's will start with new

products brought to market, because migra-

tion is not an issue. 

These findings indicate that companies will

implement RFID on a large scale in the next few

years, driven by the large retailers and pool

organisers. Section 5 contains a complete over-

view of the findings of the interviews.
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Technical Issues

There are still many misunderstandings about

RFID technology that can sometimes, unfairly,

lead to scepticism. Our analysis reveals the fol-

lowing issues:

� There is no clear choice of frequency. UHF is

the most appropriate for supply chain appli-

cations, but the question remains whether

this technology can be used in environments

with a lot of water.

� Standardisation has not yet been finalised, des-

pite the recent progress with the EPC standard. 

� The use of UHF technology in Europe is very

limited to date due to restrictions in European

legislation. As a result, the UHF products cur-

rently available are relatively immature. 

� Software to integrate RFID with business

applications is currently not fully developed.

In a few years, this will become a standard

part of ERP, WMS and supply chain manage-

ment applications.

We expect the issues with standardisation and

European legislation to be resolved by the end

of 2004. From 2005 onwards, reliable UHF pro-

ducts will be available on the European market

that meet these standards. 

Prerequisites for implementation

The implementation of RFID has far reaching

consequences for organisations and demands

fundamental preparation. The preparation time

is relatively long at the moment, due to the

immature technology and the limited experience
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with RFID. A proven step-by-step implementa-

tion is effective: from study or proof of concept,

pilots, small-scale projects to large-scale rollout.  

Consumer privacy is not direcety an issue with

RFID on returnable transport items. However,

there is a risk of misconception about RFID tech-

nology among consumers. As part of their RFID

strategy, retailers and manufacturers need to

develop a privacy policy and communicate this

to their consumers.

Before RFID can be implemented on a large scale,

the technology must be 100 % reliable and the

parties involved must have an insight into the

breakdown of costs and benefits. System inte-

gration is also necessary, including possible data

synchronisation with clients and suppliers.

Various organisations fear a shortage of engi-

neers in Europe to install the hardware for large-

scale implementations. Additionally, fitting the

existing RTI pool with RFID tags will be difficult

and time consuming.
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Conclusion

Because of the fundamental advantages, compa-

nies will gradually introduce RFID technology in

supply chain applications over the next few

years, despite the current technical and organi-

sational issues.  It will require a lot of effort, but

the early adopters, mainly large retailers and

RTI pool organisers, are already starting.  These

implementations have an impact on the whole

chain and will lead to an irreversible process.

The followers, who are currently still just wat-

ching, will also implement RFID over time.

Because of the far reaching consequences, these

organisations should gain knowledge and expe-

rience as quickly as possible. The diagram

above provides a graphic representation of the

anticipated implementation of RFID.

RFID adoption roadmap

2004 2005 2006 2007 2008

Pilots

Implementation

Fully operational

Early Adopters

Followers

Late Followers
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1. Introduction

The idea for this study arose from a question

about the plans from European retailers for RFID

tags on plastic crates. It quickly became evident

that there was great interest in this subject in

the retail industry. That is why LogicaCMG deci-

ded to investigate this question in cooperation

with EAN Nederland and ECR D-A-CH. EAN, well

known for its standardisation work with the bar-

code, and ECR D-A-CH, the German-language

representation of the Efficient Consumer

Response (ECR) movement, both play an impor-

tant role in the retail industry. 



Their support and expertise have been essential

in the creation of this report. We also found

Intermec, Omron, Checkpoint Systems, Zetes,

SAS, Container Centralen and Euro Pool System

willing to make the study financially possible,

for which we are very grateful.

Radio Frequency Identification (RFID) is current-

ly of great interest thanks to the initiatives from

Wal-Mart and other retailers to require major

suppliers to place RFID tags on cases and pallets

beginning in 2005.  In addition, food safety con-

cerns have generated a greater need for trac-

king and tracing of products, which may be ena-

bled by RFID.

For this study, we concentrate on plastic crates,

pallets and roll containers, summarised by the

term Returnable Transport Items (RTI).

Consequently, disposable packaging, bottles

and individual consumer items are outside the

scope of this study. We thus arrived at the follo-

wing question for the study:

"To determine when and how RFID will be adop-

ted for the European retail market on a large

scale for use in returnable transport items

(RTI)".

This question needs to be further specified: it

still leaves space for a broad interpretation of

the various aspects. 

This brings us to a second question: from what

angle will we approach the question to be stu-

died, from the viewpoint of an individual orga-

nisation or from the supply chain? In this study,

we decided to use the supply chain approach.

The reason for this is simple: returnable trans-

port items are often used across several links in

the supply chain.

1.1 Study Methodology

In answering the study question, we used three

main elements:

1. Interviews with 50 organisations in Western

Europe. 

2. Literature study; Appendix 4 gives an over-

view of sources.

3. Cost/Benefit analysis, based on a generic

supply chain model.

A total of 50 organisations were interviewed for

this study, including retailers, manufacturers,

logistics service providers, RTI pool organisers,

technology providers and industry bodies.  The

focus has been on retail organisations, as can

be seen from the overview below. Retailers are

expected to play a key role in the introduction

of RFID, as illustrated by Wal-Mart in the United

States. 
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Element Definition / Description

Retail All companies in the retail and consumer packaged goods (CPG)

supply chain,  (retailers, logistics service providers, manufactu-

rers). Special consideration for the (fresh) food segment, which

makes great use of reusable packaging. 

Europe This study focuses on the following countries: the Netherlands,

Belgium, Ireland, United Kingdom, France and Germany.  

RFID Radio Frequency Identification.

Returnable transport items Primarily focusing on pallets, roll containers and crates.

On a large scale A supply chain application with benefits for more than one tra-

ding partner based on an open standard.

Element Definition / Description



All interviews took place in Western Europe and

were carried out by an international team of

business consultants, working in different coun-

tries and coordinated from the Netherlands.

In our opinion, these 50 organisations provide a

good picture of the expected trends in the

(Western) European retail market. It is important

to note that no quantitative conclusions can be

drawn for the whole retail market on the basis

of these interviews. Firstly because the sample

size is too small.  Secondly, because the charac-

teristics of these companies are not necessarily

representative of the whole market.  When

approaching retail organisations, we focused on

"early adopters" because these companies exert

a great influence on the adoption of RFID.

The interviews with users of RFID technology

(i.e. retailers, manufacturers, logistics service

providers and RTI pool organisers) are based on

a standard questionnaire. The starting point for

the interviews was the identification of key

business drivers and supply chain issues. From

these topics we addressed specific RFID

questions.  

1.2 Structure of this document

We first look at the supply chain in the retail and

CPG market and the use of returnable transport

items, with an overview of the providers and the

main processes. We also examine the current

identification and tracking of returnable trans-

port items.  We continue with an analysis of the
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technical aspects of RFID, concentrating on the

issues that may delay or accelerate the large-

scale implementation of RFID.

Next we examine the findings of the interviews,

including the current status, plans and expecta-

tions of RFID for returnable transport items.

The costs and benefits of RFID are analysed in

the next section, based on a generic supply

chain model. Finally, we look at the consequen-

ces of implementing RFID, and the impact this

may have on the timing of RFID adoption. 

The result of this analysis is summarised in a

conclusion and a roadmap. This gives the times-

cale that we expect for RFID to be used in retur-

nable transport items over the next few years.

This roadmap forms the factual reply to the

study question. 

The appendices provide background informa-

tion on specific subject areas.
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2. Supply Chain
Overview

As stated in the introduction, the study of RFID

in returnable transport items is approached

from a supply chain perspective. In this section

we examine the interface in the supply chain

between the product flow and the flow of retur-

nable transport items.  We identify the impor-

tant developments in supply chain manage-

ment, and the connection with RFID. Finally,

theory is compared with practice as illustrated

by the interviews.



2.1 The supply chain approach

As explained in the introduction, a supply chain

viewpoint has been selected for the study of

RFID for returnable transport items. We can

define the supply chain approach as follows:

"All the management activities which are focussed

on the chain, starting with the suppliers, then

the manufacturers, logistics service providers

and finally the retailers (or retail trade) are

summarised under the term Supply chain

Management or the broader Demand & Supply

Chain Management".

In fact, this is not about the management of

the chains, but the management of the flows of

goods, information and money. RTI's are defin-

ed as a separate flow in this study, where RFID

is a technology that supports this manage-

ment.

The flow diagram below provides a schematic

overview of the generic supply chain with

the flow of goods (1)  and the possible flows of

returnable transport items (flows 2,3,4). These

RTI flows are explained in more detail in the

next section.

2.1.1 Supply Chain Management themes

It is important to know how the different links,

or parties, in the chain interact with each other.

Over the last few decades many changes have

stimulated thinking in terms of supply chains.

The most important themes are examined

below:

� Changing balance of power in the chains

� Chain reversal

� Pressure on stocks 

� Increased legislation and regulation 

Changing balance of power in the chains

Over recent decades there has been a shift of

power towards the end of the chain, largely cau-

sed by the consolidation among retailers.  In

many cases the retailers are now the first to

adapt to changing market conditions and the

first to initiate changes in the supply chain. We

also expect retailers to drive RFID adoption.

Chain reversal

The traditional chain is supply driven. This so-

called push-system arises from two basic con-

cepts:

� emphasis on efficiency

� supply creates the demand 

Changing consumer behaviour and the increa-

sed power of retailers put more and more pres-

sure on fulfilling the demands of the consumer,

creating a demand driven chain. The push-

system is slowly replaced by a pull-system, with

an emphasis on effectiveness. Speed, flexibility

and reliability have to increase considerably.

RFID may be an important tool in this respect,

because it enables real-time data collection.
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Pressure on stocks

A significant motivation to deal with supply

chain management is the ever-increasing

pressure on stocks. The disadvantages of

stocks are well known: the high costs and fact

that products become obsolete. Changing

consumer demands and fierce competition

have increased the number of product chan-

ges and introductions. At the same time, the

supply chain has become increasingly com-

plex due to the growing numbers of sup-

pliers, sales channels, outsourcing of produc-

tion etc.  This is combined with the stated

higher requirements regarding reliability and

flexibility. All in all, the pressure on stocks

continues to increase. 

In a direct sense, the use of RFID does not redu-

ce stocks. However, real-time data collection

enabled by RFID may lead to increased visibility

and improved planning, reducing the uncertain-

ty in the chain. This in turn leads to stock reduc-

tions. 

Increased legislation and regulation

In the last few decades, government regula-

tions have increased considerably in the areas

of environmental and quality requirements.

This has led to an increase in required pro-

duct information. In the field of food safety,

visibility and traceability are of primary

importance.

The General Food Law, officially effective in

2005, states that each supplier must know the

origin of products from the previous link in the

chain and the destination in the next link. In

addition, retailers accept their own responsibili-

ties regarding food safety and often impose

additional traceability requirements on sup-

pliers. 

The consideration given to return logistics (pac-

kaging, whether reusable or not) has also incre-

ased due to environmental concerns. 

The increased need for information throughout

the chain and the desire for traceability of pro-

ducts mean that RFID is also a significant appli-

cation from this point of view.
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2.2 Availability of ICT tools

With the increasing complexity of supply chain

management, the use of different ICT tools has

become much more important. Synchronisation,

connectivity and visibility are key elements in

these technologies.  

Point of Sale (POS) systems are used by retailers

and create market information. By scanning bar-

codes at the cash register, data is created so that

frequent orders are possible. Automatic Ordering

Systems determine how much needs to be orde-

red from distribution centres. These orders can

be submitted using EDI or other methods. 

Enterprise Resource Planning (ERP) packages are

primarily used by manufacturers for internal

business management. These packages can

include warehousing and planning modules.

Finally, logistics service providers make use of

Warehouse Management Systems (WMS) and

Transportation Management systems (TMS).

For communications between the trading part-

ners in the supply chain, communications net-

works such as EDI are often used based on stan-

dards such as EANCOM and XML. However, tra-

ditional methods such as telephone, fax, and

mail also remain widely used.

Barcoding fulfils an important role in the whole

supply chain for identification purposes.

However, the application is not always based on

open EAN standards, so that logistics and retail

partners often provide transport units with their

own (barcode) labels.

2.3 Business pains arising from
the interviews

In the interviews we explicitly asked about the

goals and challenges in the area of supply chain

management. There appear to be differences

between theory and practice, for example in the

area of collaboration.

According to supply chain management theory,

organisations in the chain work together on all



aspects of business management: marketing (pro-

motions, introductions), logistics (physical distri-

bution) as well as administrative tasks. In practi-

ce, it appears that this collaboration is often not

established. Some of the reasons are listed here:

1. Many different chains can be identified in

the CPG market as well as many changing

parties in the chains.

2. Partners are very different in size, professio-

nalism, culture, financial resources, level of

automation, etc.

3. Partners take different positions within the

chain, according to their own requirements,

with their own functions, their own sup-

pliers and clients. In short, partners cannot

be easily compared.

4. The strategic importance of information is

greater for one of the parties involved in an

imperfect chain. In some cases, information

means power over the chain.

In the interviews we explicitly asked about

business pains. The pains are categorised as follows

according to:

1. Product flow

2. Information flow

3. Return flows and logistics tools (RTI's)

1.  The study shows that problems in the pro-

duct flows - safety stocks, delivery reliabili-

ty, and quality - are mostly encountered by

the manufacturer. Reliability of deliveries is

the issue for logistics service providers. The

underlying cause is believed to be a lack of

transparency in the chain, due to insufficient

and late information, especially with product

introductions and promotions.

2.  Problems with information flows, including

administration and communications, are

experienced more often by retailers.

Synchronisation of source data is a problem

in the chain.  This leads to miscommunica-

tion in ordering, logistics and billing proces-

ses.  Burdensome rectification measures are

the result.

3.  The RTI's are less of a problem for the retai-

ler than for the manufacturers and pool

managers. The latter have the specific pro-

blems of asset management. Manufacturers

need durable and effective (standardised)

transport items with short return times in

conjunction with deposits. The exception

are those retailers who supply to franchi-

sees. They need crates, pallets and roll con-

tainers to be properly registered, otherwise

they pay for the loss or lose their deposit.

2.4 Summary

� Shifts in the market have created a great

challenge for logistics.

� Retailers take a dominant position in the

supply chain and also have a controlling role

in the introduction of RFID.

� Cooperation in the supply chain is insuffi-

cient, according to the interviews.

� Information problems are often the basis for

logistics problems.

� ICT solutions such as barcoding, integration

of systems, are often insufficiently exploi-

ted.
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3. Returnable
transport items

In this section, we analyse the various types of

RTI's, as well as their use in the supply chain

and current identification and tracking options.

This enables us to examine how RFID can be

used in returnable transport items.



3.1 Overview of existing RTI's

The International Council for Reusable

Transport Items (IC-RTI), which operates under

the umbrella of ECR Europe and is supported by

EAN International, gives the following definition

of Returnable Transport Items:

"RTI's include: any means of gathering together

goods, transporting them, storing them, to pro-

tect them within chains, which is reusable, such

as pallets, reusable packaging such as crates,

containers, roll containers".

For the purpose of this study, we will use this

definition. The term RTI is usually used for

secondary and tertiary packaging. However, it is

also sometimes used for consumer packaging,

such beer bottles. Consumer packaging does

not fall within the scope of this study.  The pic-

tures below give a few examples of RTI's

(Source: Container Centralen).

On a high-level, two different ways of using RTI

can be identified:

� Direct exchange: RTI which are used inter-

nally within an organisation or which are

used bilaterally between two organisations.

An example of this is the roll containers that

a retailer uses between the retailer distribu-

tion centre and the stores for delivering

goods.

� Pool organisation management: RTI that are

managed by a pool organisation, such as

pallets and reusable crates.

3.1.1 Process description 

We provide a brief overview of the way RTI's are

used in the retail supply chain, based on the IC-
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RTI description. In this process we identify the

following parties:

� RTI Suppliers: produce the RTI and sell the

RTI to the Pool Organiser.

� RTI Pool Organiser: manages an RTI pool and

makes the RTI available to the supply chain.

Examples include CHEP, Euro Pool System,

Container Centralen and many others.

� Supplier: uses RTI in the distribution of his

goods. Suppliers fill empty RTI with goods

and hand over filled RTI to retailers. A sup-

plier can be a packer, farmer, brand manu-

facturer, distribution centre, consolidation

point etc.

� Retailers: receive RTI from suppliers and

make the RTI available for collection. RTI

Receivers can be retailers, distribution cen-

tres etc.

� Logistics service providers (LSP): may collect

RTI from retailers and might offer additional

services, such as cleaning and repair of RTI.

May also operate as a RTI pool organiser.

The following diagram gives a generic view of

the physical flow of RTI through the supply

chain:
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The exact flow of the returnable transport items

through the whole supply chain can naturally

differ from this illustration and depends on the

specific application. In the previous section, dif-

ferent flows of these transport items were intro-

duced in the diagram above.

Pallets: used on a large scale in the European

retail market, often in pallet pools. Typically the

pallets are not delivered to the retail store,

because store deliveries are based on individual

cases or crates. Pallet flows are represented by

flow 3 on the diagram above.

Crates and containers: used in European retail

primarily for fresh products such as fruit, vege-

tables, dairy products and meat. For these pro-

ducts, the crates are used throughout the whole

chain. For example, a tomato grower fills a crate

with tomatoes in his greenhouse, from where

the crate is transported, via the market, to a

retailer DC and finally to the stores. These flows

are represented by flow 4.

Roll containers / Dollies / Rollies: often used for a

retailer's internal processes, such as to transport

cases of products from the retailer DC to the store.

3.2 Managing RTI pools

RTI pool organisers manage the RTI pool with

very little insight, because the visibility of the

RTI flow and the transparency of the chain are

very limited. The lack of insight applies to all

parties, with both manufacturers and retailers

focusing on the flow of goods. RTI's are of much

lower importance, and thus value, to retailers

and manufacturers than the products. If RTI

pool organisers could better track the individu-

RTI Supplier
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Organiser

LSP

Supplier

Retail DC

Retail Store

New RTI
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RTI
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al RTI they would be able to achieve significant

benefits, for example by reducing safety stocks.

3.3 Current use of
identification and tracking 

The most well known barcode for consumers is

known as the EAN-13 barcode, which is used on

consumer products to identify the product type.

Other standards are used for the identification

of RTI's. At the moment, EAN-UCC uses various

standards to support the identification and trac-

king of RTI in the retail supply chain. These

standards are based on the Application

Identifier standard for data specification and the

EAN-128 symbol technology to convey this

information in barcodes. An EAN-128 barcode

can contain several blocks of data that are iden-

tified using an Application Identifier. There are a

number of variants, and the following are of

interest to us:

1. Identification of the RTI: Global Returnable

Asset Identifier. 

The Global Returnable Asset Identifier (GRAI)

can be used to identify and track the RTI.

The RTI have to be manually scanned or

manually recorded at each transfer point to

enable them to be tracked. This incurs

labour costs that have to be justified. The

pool manager has a direct demand on some

partners in the chain by means of deposits

and not on others.

2. Tracking of the products on the RTI: Serial

Shipment Container Code.

The products on the RTI can be tracked in

the supply chain via the Serial Shipment

Container Code (SSCC). This code identifies

a specific shipment at pallet level and is

therefore not limited to RTI but is equally

applicable to single use packaging. If the

shipment is a homogenous pallet, additional

information can be included in the EAN128

symbol, such as the item code, batch num-

ber, best before date and country of origin.

Both variants of the EAN-UCC coding are not

(yet) used on a large scale. This demonstrates

that companies are currently not using all pos-

sibilities of tracking RTI and products in the

supply chain. 

3.4 Summary

� A large variety of RTI's are used in the CPG &

retail supply chain in terms of material,

dimensions, weight, whether or not they

have wheels.

� Management, recording and administration

is complex and labour intensive, because

the market is not transparent, RTI's are used

throughout the whole chain, they change

owners and the view of the chain is often

limited.

� Identification and recording of RTI's using

bar-coding has limited application, primarily

for the reasons mentioned above.

� As a result, tracking & tracing products via

RTI registration does not occur on a large

scale.
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4. RFID technology
and issues

A great deal is currently being written and said

about the opportunities and problems of RFID

technology. We will analyse this topic in depth

in this section.  We give an overview of RFID

technology, its integration with existing soft-

ware applications and the most important diffe-

rences from barcodes. We also analyse the

potential issues that may impact RFID adoption

in the retail supply chain, including standardisa-

tion and environmental factors.



4.1 The Basics of RFID

RFID technology has been around for many

years and is used in applications such as access

control, animal tagging and electronic toll pay-

ment. The technology consists of two elements

that communicate via radio waves: a tag (or

transponder) and a reader.  

4.1.1 Tags

An RFID tag consists of a microchip connected

to an antenna. The microchip contains a certain

amount of data. Different types of tags are avai-

lable, which are tailored to different purposes. 

� Energy supply: Active vs. passive tags.

Active RFID tags contain a battery to provide

the microchip with power. This type of tag

can send a signal independently to a reader.

Passive tags do not have a battery. This type

of tag is powered indirectly via the electro-

magnetic radio waves from the reader.

Active tags are often used to track high

value goods over a distance of up to 300

meters. However, these tags are expensive

compared to passive tags.  Passive tags have

a limited read range and do not require

maintenance.

In the rest of this study, we concentrate on

passive tags, because they are likely to be

used in returnable transport items and in

other supply chain applications.  

� Changes to the data: Read-only, Read-Write

and WORM tags RFID tags can be of Read-

Write, Read-Only or WORM (Write-Once, Read

Many) type. The data on Read-Write tags can

be changed or totally overwritten by any

reader. These tags are clearly more expensive

than Read-Only tags, which makes them

inappropriate for tracking low value pro-

ducts. Read-Only tags are written with a

code by the tag manufacturer that can never

be changed. WORM tags can be rewritten

once by a reader. This makes a WORM tag

very suited for establishing a worldwide,

unique product code, which can be set on

the tag locally (e.g. in a factory). It is suita-

ble for placing on disposable packaging.

Read-Write tags, however, are possibly more

appropriate for use on pallets/crates that are

reused, so that the tag can be rewritten with

information such as a shipment number. 

Cost of the tag

The cost of RFID tags has fallen significantly in

recent years, which is one of the reasons for the

current interest in RFID. The business case for

many applications is highly dependent on the

price of the tag.  However, this aspect is less

important for returnable transport items, becau-

se the tags can be used for much longer, possi-

bly even for years.

The price of a passive tag is currently (begin-

ning of 2004) between 0,20€ and 1€. A further

drop in tag prices will depend on progress in

more efficient assembly machines and demand

for higher volumes. 

Analyses (including by the Auto-ID Center) show

that with a volume of 30 billion tags per year,

the price of a simple passive tag could, in prin-

ciple, fall to 0,05€. At the moment, a significant

increase in demand is expected, based on man-

dates from organisations like Wal-Mart, Target,

the Department of Defense and the support for

RFID from the Food and Drug Administration

(FDA).  According to these plans, the expecta-

tion that a 0,05€ tag will be available in 2007-

2008 is realistic.  Until that time, we anticipate

prices to go down gradually. 

4.1.2 Radio Waves

Tags communicate with the reader via radio

waves, which are part of the electromagnetic

spectrum.  For RFID technology using passive
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tags, the frequencies below are generally used:

� Low frequency (LF) - These tags work at a

frequency of around 125 kHz and have a rea-

ding range of less than 50 cm. The reading

speed is relatively low and the tags are rela-

tively insensitive to interference. Tags in this

frequency range have already been used for

years in applications such as access control

and animal tracking.

� High frequency (HF) - Operate worldwide at

13.56 MHz and can be read at distances of

around one metre, but tags use more energy

than low frequency tags. Existing uses inclu-

de tracking books in libraries and baggage

at airports. ISO 15693 provides a worldwide

standard for this frequency.

� Ultra-High frequency (UHF) These tags work

at a range between 860 and 930 MHz and

can be read from further away and at higher

speed than HF tags. This makes this frequen-

cy the most appropriate for supply chain

applications, such as tracking pallets and

cases. This frequency is les appropriate for

an environment with a lot of moisture and

also uses more energy than HF technology.

The table below shows the characteristics of the

different frequencies, such as reading range and

the number of tags that can be read per second

by a single reader. It is important to note that

these are only indications, because each situation

in practice can lead to a different performance.

4.1.3 The Reader

RFID readers can communicate with tags in dif-

ferent ways. The most commonly used method

for reading passive tags at close range is called
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"inductive coupling". The reader's antenna crea-

tes a magnetic field in the tag's antenna, which

provides the tag with energy. The tag can then

send its data back to the reader.

Rapid and affordable readers

At the moment, readers cost 500€ or more.

Most types of readers can only work with indi-

vidual frequencies. In the long term, we antici-

pate that rapid readers will be developed that

can read tags at different frequencies. This

would avoid the need to purchase a separate

reader for each frequency. 

For the use of RFID in RTI, the cost of the rea-

ders would constitute a large part of the overall

costs. Readers must be affordable, because

companies would have to buy a relatively large

number of readers to be able to cover the whole

operational area. 

4.2 Software Integration

Integration of the RFID data with existing soft-

ware applications is an important aspect to the

introduction of RFID technology. The data col-

lected by the RFID readers needs to create

value, such as more supply chain visibility or

better planning.

The fact that a large scale implementation of

RFID in the retail supply chain may lead to an

explosion of collected data is important in this

respect. It creates a need for software to bridge

the gap between the RFID data coming from

the RFID readers and the existing software

Characteristics of the different frequencies

Frequency Short Descr. Read Range (Meters) Data Speed (Tags/ Sec)

125 - 134 kHz LF 0.45 1 - 10

13.56 MHz HF < 1 10 - 40

868 - 870, 

902 - 928 MHz UHF 2 - 5 10 - 50

Characteristics of the different frequencies



applications. It is not surprising that the major

middleware suppliers, Enterprise Resource

Planning (ERP) and Warehouse Management

System vendors have announced plans with

regard to RFID. 

Appendix 2 gives an overview per software sup-

plier, showing the name of their software solu-

tion, its functionality and an indication of when

the solution is likely to be available. This clear-

ly shows that the market for RFID integration

software is relatively immature. 

The costs for the integration of RFID with the

existing business applications is a significant

part of the total RFID implementation costs. We

estimate the cost for off-the-shelf software for

each physical location at between 75,000 and

125,000€ and that is without the actual inte-

gration costs. The price level of the software

will possibly fall, once several implementations

have been carried out and competition increa-

ses between the various software suppliers.

The next few years we will see more and more

RFID middleware in the supply chain.

Furthermore, this middleware will be more and

more integrated with wireless communication

solutions, such as GSM and GPS for real-time

tracking and tracing. We believe that RFID midd-

leware will become a standard part of all large

enterprise applications (ERP, WMS) in the future.

At the moment, however, this software is still

relatively immature.

4.3 RFID versus Barcodes  

As mentioned earlier, RFID in the retail supply

chain can be used as an alternative to barcodes

to identify and track objects.  RFID has very dif-

ferent properties, which are summarised in the

following table:
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Barcodes RFID tags

Can only be read individually Faster reading, as they can be read

simultaneously.

Must be visible to be read No line of sight required.

Cannot be read if they Can deal with rough and dirty environments

are dirty or damaged better, because tags can be integrated into 

the packaging materials.

Are usually read manually and thus Are read automatically so no labour costs.

incur labour costs. Automated scanning

demands standardisation of barcode

location.

Information cannot be changed Information can be changed, if desired,

(new label required) for example temperature fluctuations.

Limited quantity of information Quantity of information depends on

application.

Barcodes RFID tags



With RFID it is possible to identify and track

objects without time delays, without human

intervention and thus without variable costs.  In

principle, RFID offers great added value to the

logistics chain, because products can be tracked

more easily and at lower cost. This means that

the speed and reliability of the logistics process

can be optimised better with RFID than with

barcodes.

4.4 Implementation issues

A number of issues need to be addressed in the

implementation of RFID because they may influ-

ence the widespread adoption of RFID in the

European market.  Based on interviews and desk

research, we look at the most important issues

in greater depth, specifically:

1. Standardisation

2. European legislation concerning UHF

3. Physical characteristics of RFID

4. Maturity of available technology 

5. Lack of knowledge and experience

1. Standardisation

Standardisation is essential for the use of

RFID in open supply chain applications,

both with regard to the content of the tag

and the way in which the tag and the reader

communicate (the so-called air interface).

The EPC standard is important in this res-

pect, as well as its relationship to existing

ISO standards.

The Auto-ID Center

was set up in 1999 at

MIT in Boston, USA as

a joint initiative from

companies such as

Gillette and Procter &

Gamble. The vision of

the Auto-ID Center was targeted right from

the start at a world in which every product

could be uniquely identified by an RFID tag

and in which all additional information

could be stored in a worldwide network. In

the following years, this initiative achieved
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broad support from the retail world, which

led to a worldwide group of more than 100

sponsors, including Wal-Mart, Metro, Ahold

and Tesco. This created the basis for a de-

facto RFID standard in the retail world,

which was not based on the existing ISO

standards. This was shaped further by the

announcement from Wal-Mart in June 2003

that all suppliers would have to supply pal-

lets and boxes with RFID tags using UHF

technology and the EPC (Electronic Product

Code) standard developed by the Auto-ID

Center.

In the autumn of

2003, the work

of the Auto-ID

Center led to the

publication of

the EPC Network standard version 1.0, des-

cribed in more detail in Appendix 1.  At the

same time, EPCglobal was set up, a joint

venture between EAN International and the

Uniform Code Council (UCC).  The purpose

of EPCglobal is to further develop and imple-

ment the EPC standards worldwide.

EPCglobal operates as an independent non-

profit organisation.  At the moment,

EPCglobal is still operating in start-up mode.

It is likely to be a few more months before

EPCglobal is fully operational, partly becau-

se the implementation has to take place in

each individual national organisation within

EAN International. Additionally, the work of

EPCglobal has recently been somewhat dela-

yed by issues surrounding the intellectual

property (IP) policy. The majority of these

problems appear to have been resolved in

the meantime.

At the moment (early 2004), there is no defi-

nitive standard supported by both EPCglobal

and ISO. There is significant pressure from

the retail industry to solve this problem as

quickly as possible. The answer will have to

be found in the EPC Class 1 Generation 2

standard, which will then also be taken over

by ISO.  Based on current information, we

anticipate that the standardisation issue will

be resolved by the end of 2004. 



It is also clear that the early adopters in the

retail industry fully support the EPC standard

and that future EPC standards are likely to be

forward compatible with the current EPC

standard, in view of its current implementa-

tion by users such as Wal-Mart.

2. European legislation

The use of Low frequency and High frequen-

cy technology has become well standardised

and harmonised around the world. The situ-

ation is much more complex for UHF techno-

logy. In the United States, this technology is

already widely used, but in Europe the use of

UHF has been limited due to the existing

legislation from the European Union. This

legislation limits the reading range and

speed, primarily because the power output

of the reader is limited to 0.5 Watts. In

Europe, the desire to place the use of UHF on

an equal footing to the USA is generally

recognised. This is why the European

Telecommunication Standards Institute

(ETSI) has developed a proposal, which sug-

gests increasing the permitted power output

to 2 Watts. 

At the moment, this proposal has been sub-

mitted to the various member states for

approval. On the basis of discussions with

the various parties involved, we anticipate

that this proposal will be approved by the

end of 2004. This is very important for the

large-scale use of RFID in the European retail

supply chain. In the mean time, companies

will need to request a site license if they

wish to use UHF technology based on the

American standards.

Apart from this, the United States and

Europe will continue to use different fre-

quencies in the UHF range in the future.

This can be overcome relatively simply in

the RFID tags and readers.

3. Physical characteristics of RFID technology

When implementing RFID technology we

need to take into account a number of phy-

sical characteristics that may lead to possi-

ble problems.  

� Reader interference and collision 

A possible problem with RFID is the over-

lap in signal from different readers. This

problem is known as reader collision. All

RFID standards contain a solution for

dealing with this problem, but additional

functionality is often required in the

application software.

� Tag collision

Another problem arises when too many

RFID tags come within range of an RFID

reader at the same time, and simultane-

ously send a signal to the reader. This can

confuse the RFID reader, which is known

as tag collision. This problem primarily

arises with active tags, which send a sig-

nal themselves, independent from the

reader. Here too, the RFID standards offer

different solutions to the problem. 

� The environment in which RFID is used

A number of different environmental fac-

tors must be taken into account when

designing an RFID system. Objects in the

environs of the readers and the tags

affect both high and low frequencies.

Higher frequencies, for example, are easi-

ly absorbed by water, which means that

these frequencies are less appropriate for

products containing a lot of water. At the

other end of the scale, lower frequencies

are more strongly affected by metal

objects. In most cases, good design can

produce a solution to these problems.

These factors also play a major role in

the fitting of RFID tags to returnable

transport items. This is often a practical

challenge, for example on metal roll con-

tainers or wooden pallets.

Due to these physical characteristics of

RFID technology, the use of RFID must be

analysed for each specific environment.

Time and money will be required to

implement the technology.
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� Maturity of available technology

The interest in RFID for supply chain

applications is relatively new and no

large-scale implementations have yet

been carried out. Products are often not

completely faultless, particularly for UHF

technology in Europe. As a consequence,

it often takes considerable time to install

the RFID hardware. This problem is likely

to reduce rapidly thanks to the large-

scale implementation by organisations

such as Wal-Mart.

In view of the anticipated progress in

standardisation and European legislation,

we anticipate that reliable UHF technolo-

gy for the European market will be avai-

lable in 2005. In 2004, companies will

have to work with UHF products that

meet American standards (for which a

site license can be requested), or with

early versions of new products designed

for the European market.

� Lack of knowledge and experience

In comparison with barcodes, RFID is still

a complex technology in which little

experience has been gained.  Knowledge

of the technology is relatively low in

most organisations. 

Most of the knowledge of the installation

of RFID technology in the supply chain

currently lies with small organisations

that have been involved in the first sup-

ply chain projects. Large-scale implemen-

tation on a European level will demand

the support of larger international tech-

nology companies in the field of

hardware installation.

4.5 Conclusions

� Using RFID tags, it is possible to identify and

track objects without time delays, without

human intervention and thus without varia-

ble costs.  With RFID, the logistics process

can therefore be better optimised than with

the barcode.
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� One frequency doesn't fit all. UHF technolo-

gy is the most appropriate for supply chain

applications due to the read range and

speed. The question remains whether this

technology can be used in environments

with a lot of liquid or for products contai-

ning a lot of water.

� The cost of RFID tags will drop further in the

next few years due to an anticipated increa-

se in volume. A price for a passive WORM

(write-once read many) tag of 0,05€ in

2007-2008 is possible.  A further drop in the

price of RFID readers is also to be expected,

although this is harder to predict.

� Software to integrate RFID with business

applications is currently immature. At the

moment, significant investments are being

made by software vendors.  In a few years,

this will be a standard part of ERP, WMS and

supply chain management applications.

� Standardisation is not yet finalised, despite

the progress with the EPC standard. 

� European legislation currently limits the use

of UHF technology, which means that the pro-

ducts available are relatively undeveloped. 

� We anticipate that the issues regarding stan-

dardisation and European legislation will be

resolved by the end of 2004. 

� Consequently, from 2005 reliable UHF pro-

ducts that meet these standards will be avai-

lable on the European market.

� Because of the physical characteristics of

RFID technology and the limited knowledge

and experience with this technology, RFID

implementations in the near future will

require considerable time and effort.
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5. RFID and Returnable
Transport Items:
Status and 
expectations 

During the interviews we discussed the expec-

tations and plans regarding the use of RFID in

returnable transport items in much depth. In

this section the results of these interviews are

analysed.



As stated in the introduction to this report, the

companies interviewed do not necessarily form a

representative sample of the whole retail mar-

ket. It is therefore not immediately possible to

draw conclusions for the whole retail market.

However, the analysis does provide sufficient

insight to enable us to answer this research

question.

We start with an overview of the possible appli-

cations of RFID in returnable transport items

and examine three case studies.

5.1 Possible applications
of RFID in RTI

In the application of RFID in returnable transport

items, there is a significant difference between

asset management and tracking the flow of goods.

These two applications are explained below.

1. Asset management, by identification of RTI

with RFID tags

As stated earlier, RTI pool organisers currently

manage the RTI pool with a very limited visibility,

which leads to large safety stocks. With RFID tech-

nology, the management of the pool can be signifi-

cantly improved, if all RTI are fitted with RFID that

uniquely identifies the item.  However, it is neces-

sary for the RTI Pool organisers to have access to

the data gathered in the supply chain. This means

that retailers and suppliers need to install RFID rea-

ders to track the RTI and to make the resulting data

available to the RTI pool organiser.

2. Tracking products in the supply chain

The primary interest of retailers and food manu-

facturers is in tracking the flow of goods within

the supply chain. Of secondary interest is the

tracking of specific returnable transport items.

The tracking of shipments, i.e. the goods on or

in the returnable transport items, is the most

important application of RFID in RTI for retailers.

The table below briefly summarises these appli-

cations:
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Application Advantages for Business advantages Options

Identification of RTI Pool organiser More efficient asset WORM RFID tag

individual RTI management of the permanently

RTI pool attached to RTI

Tracking the flow Retailer, manufacturer Better supply chain Various options, 

of goods on or visibility such as read /

in RTI More efficient write tag in RTI,

processes in RTI or WORM RFID 

handling tag in RTI and 

SSCC barcode, or 

WORM RFID tag

and SSCC in

database

Application Advantages for Business advantages Options



5.2 RTI versus disposable
packaging

Stating that retailers are primarily interested in

tracking the flow of goods, raises the question

whether the difference between disposable and

reusable packaging is relevant.

This study focuses on returnable transport

items because many anticipate that these will

be the first products to be fitted with RFID tags.

Because the tags can be reused, the cost of the

tag are less relevant. During various interviews,

the difference between disposable and reusable

packaging was discussed. 

Some companies anticipate that disposable pac-

kaging will be fitted with RFID tags before RTI.

On RTI the tags will be reused for a number of

years, requiring a future proof standard.

Additionally, migration is time consuming and

laborious for existing RTI pools. Finally, it is

more or less impossible to equip 100 % of the

assets in an existing RTI pool with tags, which

means that there will always be exceptions.
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On the other side one can argue that the costs

of the tag are relatively much higher for dispo-

sable packaging.  This makes the business case

much harder, especially the breakdown of costs

and benefits in the chain. 

However, the most important point to realise is

that all companies in the supply chain use both

reusable and disposable packaging. They are used

in the same chains and in the end will also use the

same infrastructure. An RFID tag on a crate or roll

container will be read by the same reader in the

distribution centre as the tag in the smart label on

a cardboard box. From the retailer's perspective, it

does not really matter whether the packaging is

single use or reusable, the important thing is trac-

king the products in the chain. 

In the remainder of this section, when we ana-

lyse the answers from the companies intervie-

wed about the use of RFID in the supply chain,

we will not draw any explicit distinction bet-

ween the use of RFID on reusable or disposable

packaging.



5.3 Case studies

Various companies already have experience with RFID in RTI.  Some examples are discussed here,

because they provide a good example of the possibilities of RFID and its current status in RTI.
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Hoogvliet Hays Logistics CHEP

Items tagged Roll containers Crates Pallets

Frequency LF HF UHF

Read/write Read-only Read/write Read-only (EPC code)

Open/Closed system Closed Open Open

Aim Better tracking of roll Better tracking of Better asset

containers in the crates throughout management of 

distribution process the whole chain, pallets, and

in the distribution including additional development of

centre, reduction in information on new services

handling errors. food safety. for customers.

Status All roll containers Various trials Various pilots 

fitted with RFID tags. carried out. carried out. Now

Checking of roll Definitive trial awaiting action in

containers with truck in Spring 2004. the retail market.

implemented.

Expectations for Further development Depending on Unclear. Most likely

the future of software for acceptance in the CHEP will add RFID 

optimisation of the chain, where tags to part of the

distribution process. standardisation and pool, and offer

frequency (HF) are a separate service.

an issue. 

Hoogvliet Hays Logistics CHEP

These case studies are described in more detail

in appendix 4.  It is important to see that prac-

tical experience has already been gained with

RFID in roll containers, crates and pallets.

Furthermore, the technologies chosen are very

different, showing that it is much simpler to

implement a closed loop application like

Hoogvliet than an open loop application like

CHEP.

In the remainder of this section we analyse the

interviews with retailers, food manufacturers,

logistics service providers and RTI pool organi-

sers. We look at the experience these companies

have gained with RFID, the strategic importance

they place on RFID and the anticipated use of

RFID in their own organisations. Finally, we look

specifically at the early adopters, as they play a

decisive role in the further introduction of RFID.



5.4 RFID Experience 

Our study shows that the number of pilots and

implementations of RFID is increasing signifi-

cantly, as shown in the diagram below. All RTI

pool organisers involved in this study are run-

ning pilots or are going to do so. The majority

of the other pilots involve food retailers. Non-

food retailers, food suppliers and logistics serv-

ice providers stay behind.

5.5 Strategic importance of RFID

To be able to predict when RFID will be used on

a large scale, we examined what strategic

importance organisations place on RFID.  We

examined this subject through four questions,

which are analysed below:

1. How high is RFID on the CEO's agenda 

2. How is RFID embedded in the organisation

3. What is the level of knowledge of RFID

4. Has a cost / benefit analysis already been

carried out 

How high is RFID on the CEO's agenda

The interviews show that 60 % of the companies

give RFID high priority or top priority. There are

differences between the different types of com-

panies: RFID is a top priority for all RTI pool

organisers, and RFID is higher on the agenda for

retailers than for food suppliers and logistics

service providers, as shown by the graphics

below.
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How is RFID embedded in the organisation 

RFID is not embedded in almost half of the com-

panies (see graphic below). However, companies

that have embedded RFID in the organisation

have primarily done this at a strategic level, i.e.

directly with the senior managers or staff orga-

nisations which report directly to senior mana-

gement.
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Organisations with RFID pilots and implementations



What is the level of knowledge of RFID

With regard to the knowledge of RFID within the

organisations, a very positive picture was

drawn, as shown from the overview below.

However, it should be noted here that in many

organisations, this knowledge is only held by a

small group of people. This often concerns the

senior managers and the people who are dedi-

cated to RFID. Most of the companies intervie-

wed stated that middle management still has

only very limited knowledge of RFID, but this is

not yet a problem with the market at its current

stage. These middle managers, especially in

operations, are sometimes sceptical about RFID

technology.

Has a cost/benefit analysis already been carried

out

Although knowledge within the organisation is

generally considered to be high, only a few

organisations have actually carried out a detai-

led cost/benefit analysis for the implementation

of RFID in their own organisations. We do not

have any clear explanation for this.  

In summary, we conclude that senior manage-

ment has often a strong interest in RFID, but

that there is a significant difference in the prio-

rity actually given to this subject within the

organisations.

5.6 Anticipated use of RFID in each
organisation.

We also asked companies when they expect

RFID to be implemented on a large scale in their

organisation. The results of this question are

shown in the following diagram:

Once more, the RTI pool organisers are ahead in

the implementation of RFID in their own organi-

sations; food suppliers and logistics service pro-

viders are behind.

If we look specifically at retailers, we have

drawn a distinction between food (or grocery)

retailers and non-food retailers. This shows

food retailers are ahead of non-food retailers.
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This corresponds to the introduction of barco-

des, which was also implemented by food retai-

lers before the non-food retailers.

If we look at expectations regarding the imple-

mentation of RFID in the market as a whole, we

see the following picture. It is clear that the

companies we interviewed expect that on ave-

rage they will implement RFID before the rest of

the market. 

We also conclude that UK retailers are ahead. All

of the UK retailers interviewed anticipate imple-

menting RFID in their own organisations within

two years. 

5.7 Analysis of the early adopters

The early adopters play an important role and

have the most concrete plans and demands for

RFID implementation. That is why we analyse

this group in more detail.

Eleven companies expect to implement RFID on

a large scale within two years. Of these, eight
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companies consider themselves to be early

adopters of RFID. These eight companies con-

sist of six retailers and two RTI pool organisers.

Once again, it is very clear that food suppliers

and logistics services providers are primarily

followers and late adopters.

The companies that want to implement RFID

within two years, are divided between the vari-

ous types as follows:

The use of RFID:

Various RTI Pool organisers plan to have RFID

tags moulded into new products, specifically in

plastic crates. In this case, the cost of fitting the

tags is minimal and the cost of the tag is relati-

vely low as part of the total cost price. In addi-

tion, migration is not an issue in the event of

new products. A new product is therefore an

ideal starting point. 

The applications are somewhat broader for

retailers. All retailers are interested in tracking

products at case level to the store. The use of

returnable crates in this process varies greatly

by retailer, but retailers who make significant

use of them have a strong interest in tagging

these crates. 

The (physical) tagging of pallets is not a high

priority for these retailers, because pallets are

generally used only until the products reach the

retailer's distribution centre, and not in the

distribution process to the stores. Large retai-

lers made the following comments on the tag-

ging of pallets:0

2

4

6

8

10

12



"We do not see benefits of pallet tagging

because only two items in our supply

chain are shipped on pallets - the rest is

re-packed into reusable transport items.

Therefore there is no benefit for us in

tagging pallets. We will go straight to the

case level, if we can see the case we can

see the pallet."

"Pallets do not seem like a logical item to

tag. The items above the pallet are of

interest. Tracking pallets may be inte-

resting in terms of a shipment i.e. the

number of pallets in the shipment and

where they are destined. This is the only

instance we can see for tagging at pallet

level and this can be easily done with a

barcode, as the cost is minimal. So we

have no business case for pallet tagging." 

"The biggest opportunity is at case level.

Pallet tagging is irrelevant, because if we

can see the case we can see the pallet."

We anticipate that retailers who start to demand

RFID tags from suppliers will show an interest in

tagging pallets in time, although they do not

care about the pallet itself, but the shipment.

Consequently, it will be possible to use a smart

label with RFID, containing a Serial Shipping

Container Code, which is placed on the pallet

(and is thus only used once). The unique identi-

fication of pallets from the point of view of bet-

ter pallet management is of no value to these

retailers.

Preference of standards and frequency

In general, the early adopters prefer the EPC

standard and the use of UHF technology.

However, we need to identify a few nuances

here. With regard to the EPC standard, these

companies recognise that this is not yet finali-

zed, but the general expectation is that this will

happen before the end of 2004. This does not

include the network component of the EPC stan-

dard. The EPC Network is still very much in its

infancy and will not be available to companies

for some time yet.

With regard to frequency, the preference of UHF

is understandable, especially due to the greater

read range and speed of reading. Some compa-

nies, which have already started to use RFID on

reusable assets, have opted for HF (13.56 MHz)

technology. There is also the question of whe-

ther UHF can actually be used to track all pro-

ducts. There are still important questions, espe-

cially concerning products containing a lot of

water.

The drivers of the early adopters

The drivers of the early adopters concur stron-

gly with the description in the book "Crossing

the chasm" by Geoffrey Moore about the adop-

tion of new technologies. In general, these visi-

onary companies, or at least the visionary peo-

ple within these companies, regard RFID as a

possible breakthrough in supply chain manage-

ment rather then an incremental improvement.

Kevin Ashton, the former Executive Director of

the Auto-ID Center is an outstanding example of

a visionary motivated by the realisation of a

"dream".  This dream consists of a business goal

which can provide a huge step forwards in the

way organisations work. These visionaries are

also willing to promote this dream against the

natural resistance that exists and to work with

technology that is immature. 

In the case of RFID, the visionary retailers cer-

tainly have a dream, in which RFID will be used

at item level in the end, and cash registers, for

example, will no longer be necessary and custo-

mers will be charged automatically as they leave

the store, without long queues at the registers.

One retailer we interviewed tells us of his

"dream": 

"When we are in a position to implement

item level tagging six months earlier

than our competitors, then that will give

us an unprecedented increase in market

share, meaning that all investments

would be repaid directly many times

over." 

The early adopters share a strong belief that

additional advantages of RFID will become clear
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once the RFID infrastructure is implemented.

Comparisons with the first car were made in

various interviews, illustrated in the picture

below. It is clear that this car shows great simi-

larities with its predecessor: the carriage. In

brief, the first car was designed as a "carriage

with an engine", and it was only after the car had

been designed that people realised that a whole

range of other designs were possible. The analo-

gy with the barcode as the carriage is clear: only

when RFID has been implemented will the possi-

bilities for further optimising the supply chain

become clear. A VP Supply Chain of a large CPG

manufacturer phrased this as follows:

"Once we have implemented RFID in our

supply chain, additional benefits will

become clear. Perhaps it will become

clear that we can optimise our supply

chain by closing a whole distribution cen-

tre, but at the moment we cannot predict

that yet."

VP Supply Chain, CPG manufacturer

The early adopters must have the financial

resources to realize their vision. It is no coinci-

dence that companies such as Wal-Mart, Procter &

Gamble, Tesco and Metro fall into this category.

The inhibitors of the early adopters

Although the early adopters are motivated by a

strong long-term vision, this does not mean that
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they are not curbed by various factors. In the

first place, there is the natural resistance to

change, which still exists in these companies.

The visionary managers need to overcome quite

considerable scepticism, especially in operatio-

nal management.  These companies often alrea-

dy have relatively efficient logistics processes,

resulting in many people failing to feel that RFID

solves a specific problem and that many things

can also be done with barcodes. In order to

avoid this problem, early adopters often focus

on identifying "quick wins", applications of RFID

in their own organisation for which a business

case can be developed in the short term.

In addition to these internal challenges, the

early adopters also have to deal with standardi-

sation and technical issues described earlier.

However, the early adopters are willing to work

with technology that is not yet fully mature.

Consequences for followers

The followers in the market have a more prag-

matic outlook to RFID. They are interested in an

increase in productivity from their existing ope-

rations and the migration needs to be as simple

as possible. They want evolution, not revolu-

tion. Above all, they don not want to solve the

problems inherent to immature technologies.

When these companies implement the technolo-

gy, the products will have to be reliable and

easy to integrate with existing applications.  

The interviews reveal a significant difference in

knowledge and experience between the early

adopters and the followers about the possibili-

ties and long-term impact of RFID. Like barco-

des, RFID is a supply chain subject, which

means that companies impact each other. When

the early adopters implement RFID, this will cre-

ate a snowball effect with major consequences

for the other retailers, food suppliers and

logistics service providers. The adoption of RFID

will be an irreversible process when the early

adopter start implementation, similar to the

introduction of the barcode in the seventies.

It is therefore very important for the followers

to gain knowledge and experience with RFID



technology as soon as possible. This will give

these companies an insight into the possibilities

and limitations of the technology, as well as the

business advantages that may be achieved in

the long run.

5.8 Conclusions

� There are two different application of RFID in

returnable transport items: (1) asset mana-

gement of the pool of returnable transport

items and (2) tracking the flow of goods on

or in the returnable transport items

� For RTI asset management, the direct advan-

tage is experienced by the RTI pool organi-

ser who can manage the pool more efficient-

ly. However, this depends on the large retai-

lers. This application can be achieved with

WORM RFID tag with a unique identification.

� For tracking products, the advantages are

primarily enjoyed by the retailers and manu-

facturers. In this case, additional informa-

tion on a shipment (such as best before date)

can be added. This can be done in several

ways, including a read/write RFID tag.

� The use of RFID in returnable transport items

cannot be regarded as separate from single

use packaging. In the end, both have to use

the same infrastructure in the chains.

� For the use of RFID in RTI, the price of the

RFID tag is not a major issue. The price of

readers, however, plays a more important

role.

� RFID in RTI will start with new products laun-

ched onto the marked, because migration is

not a problem in this case.

� The number of RFID pilots in the retail supply

chain is increasing significantly in 2004. Of

the companies interviewed, almost 50 % will

conduct one or more RFID pilots in 2004. 

� For 60 % of the companies interviewed, the

senior management has a strong interest in

RFID. The way in which RFID is embedded in

the organisation shows an important diffe-

rence between the early adopters and the

followers.

� 11 of the companies we interviewed expect

to have started RFID rollout by the end of

2005.

� The UK is ahead in the implementation of

RFID in the retail supply chain.

� Retailers place more importance on case tag-

ging and item tagging than pallet tagging.

Case tagging is anticipated sooner than pal-

let tagging.

� There are large differences in perception as

to when RFID will be introduced onto the

market on a large scale.

� There is broad support among the early

adopters for the EPC standard as the data

standard, but not yet for the EPC Network.

� The early adopters prefer UHF as the fre-

quency to use in the retail supply chain. It

remains to be seen whether it is feasible to

use this frequency for all applications, inclu-

ding products containing a lot of water.  

� The early adopters are motivated by long-

term vision and expect additional benefits to

become clear after RFID is implemented. 

� The implementation by the early adopters

will create a snowball effect, because RFID is

a supply chain matter. This creates an irre-

versible process, which will force the follo-

wers to also implement RFID in time.

� There is currently a large gap in knowledge

and vision between the early adopters and

the followers. It is very important for all par-

ties to gain experience with RFID technology

in the short term. 
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6. Cost and
benefit analysis

From the beginning of our study, we have placed

great importance on a cost/benefit analysis. The

use of RFID in RTI will only ever occur if a good

business case exists. However, it is nearly impos-

sible to create a generic business case for RFID in

returnable transport items in the retail chain; too

many variables have to be considered and the

applications of RFID are broad. In addition the

situation of each company is different and requi-

res its own specific cost/benefit analysis. 



Nevertheless we analyse a generic supply chain

model. Although this supply chain model is a

simplification, it provides a representative pic-

ture of supply chains in the retail market. 

The model selected uses pallets as RTI in the flow

from the supplier through to the retailer's store.

The flow of goods in our model generally concurs

with examples such as vegetables or fruit. 

6.1 Analysis of possible benefits

As stated earlier, we distinguish two different

applications of RFID in returnable transport

items: 

1. The management of RTI (asset management)

2. The tracking of the flow of goods

The possible benefits of both applications are

summarised below: 

Many of these benefits are difficult to quantify,

and depend strongly on each specific situation.

For our analysis in the remainder of this section

we concentrate on the following benefits:

1. Lower handling costs due to reduced labour

costs

2. Lower safety stocks of RTI

All other possible benefits are ignored in the

cost / benefit analysis below. It is therefore

important to realise that the benefits can be

higher in reality than we have calculated.

6.2 The generic supply chain 

The generic supply chain that we used for our

cost / benefit analysis consists of six links. 
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Application Possible benefits

Asset management Lower safety stocks of RTI

of the RTI Pool Lower transport costs

Lower investments

Lower control costs

Lower shrinkage of RTI

Less counterfeiting

Tracking the flow of Lower handling costs due to reduced labour costs

goods in the RTI Fewer delivery and receipt errors

Improved replenishment

Reduction in inventory

Reduction in administration

Reduction in loading and unloading times for freight vehicles

More efficient recall of goods

Less loss and theft of goods

Better tracking and tracing for food safety

Application Possible benefits



The first five links deal primarily with the flow

of goods, while the sixth link handles the RTI

flow in the supply chain. The links are:

1. Supplier provides the raw materials for the

end product.

2. Production facility processes the raw materi-

als to produce end products.

3. European distribution centre in which the

products are delivered and distributed to the

regional distribution centres.

4. Regional distribution centre in which goods

are stored, repackaged and distributed to

the stores.

5. Stores in which the end products are stored

on the shelves for sale to the consumer.

6. Collection area for RTI where empty RTI are

supplied to or received from the other links.

RTI are checked, repaired and stored here.

In practice, not every link in this chain is a sepa-

rate organisation.  On a high level, the produc-

tion facility and the European distribution cen-

tre belong to a food manufacturer, while the

regional distribution centre and the stores

belong to a retail organisation.

The flow chosen for the cost / benefit analysis

essentially conforms to flows 4 in the diagram

below, i.e. returnable transport items are used

with goods which are sent from a production

facility to a store.

6.2.1 Process description 

At each link in the chain, activities take place in

which the use of RFID could provide specific

benefits.  The various processes and the possi-

ble benefits are explained briefly below.
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Suppliers

The raw materials are transported from the sup-

pliers to the production facility in RTI in this

model. By using RFID tags, administrative tasks

can be simplified. It is possible to exchange

accurate information.

Production facility 

Goods can be received by the production facili-

ty on the basis of the information on the RTI's.

Goods can easily be sorted according to sup-

plier, date, etc. 

The end product linked to the RTI offers the

possibility of being able to track which end pro-

ducts are made from which supplier's raw mate-

rials and delivered to which distribution chan-

nel. This makes it possible to accurately recall

products in the event of problems. In addition,

efficiency can be increased with the manage-

ment of each individual RTI (checking, renova-

tion and repairs) and with the management

(stock) of the RTI throughout the whole chain.

Central and regional distribution centres

For each stage of the process in a distribution

centre, the possible costs and benefits are listed

below. With the current status of RFID technolo-

gy, not all of the benefits described are current-

ly achievable.

1. Freight trucks on the site

By reading the RTI and / or freight truck as

they enter the distribution centre site, it is

possible to process the trucks faster. This

makes it possible to reduce waiting times at

the distribution centre. 

2. Unloading freight trucks

When unloading the trucks, the RTI's are

read as they pass through the door to the

loading bay. If necessary they can be direct-

ly cross-docked, meaning that the freight

trucks can be emptied faster. 

3. Reception

The checking process is simplified because

the number of RTI's and the information

about the goods is directly available on the

RTI as it is unloaded. This makes it possible



to directly cross-dock goods.

4. Repacking

Repacking (unpacking and repacking) similar

types of products in RTI's (crates) on an RTI

(pallet) into different types of products in

RTI's (crates) on an RTI (pallet) (multicolou-

red pallet) can be checked more easily and

quickly by reading the RTI pallet and the

stacked RTI crates. The combination of RTI

crates per RTI pallet must agree with the

repacking planning in the warehouse mana-

gement system (such as crates sorted by

store floor), this means that repacking errors

can be minimised. 

5. Loading freight trucks 

By scanning the RTI when loading the freight

truck, it is possible to check that the right

RTI's have been loaded. This reduces loading

errors to a minimum. 

6. Freight trucks leave the site

As the freight truck leaves the site, the RTI's

are read (including the freight truck) which

means that site security can extend right to

the boundary of the site without delaying

the freight traffic at all.

Store

When unloading the freight trucks, the RTI is

read and it is checked that the right location is

being unloaded. In the store, the RTI can be read

as the goods received are transported to the

shop floor and / or as they arrive on the correct

store floor. In this way, the quantity of goods in

the goods inwards area and on the shop floor

can be clearly seen.

By improving the delivery of end products it is

no longer necessary to hold large stocks of end

products. This in turn reduces the income loss

due to not having end products in stock.

RTI collection area

When dispatching and receiving RTI's, they have

to be counted. Because of the large quantities of

RTI's dispatched and received every year, coun-

ting errors can easily occur. By reading the RTI's,

the correct number can be determined. It is also

possible to determine which users are responsi-

ble for damage to the RTI's when checking

them. If the collection area is informed of the

locations of the RTI's by the organisations

within the chain, the collection area can make it

possible to view the total number of RTI's in the

chain. Maintenance programmes for RTI's can be

drawn up for individual RTI's. The use of tagged

RTI's within the chain also enables locating and

preventing use of fake RTI's (imitation RTI's of

lower quality).   

Component costs

For each of the parties in the chain mentioned

above, the costs consist of:

� Installation costs for the tag reader and

antennas, which should also take into

account the electricity supply and network

connections for the tag readers and anten-

nas.

� Changes to the software systems and trai-

ning of staff to use the altered software.

� Training of operational staff due to changes

in operational procedures and working

methods caused by the use of RFID.

� Creation of new procedures / interfaces for

the exchange of information between the

parties in the chain.

� New administrative procedures and working

methods for each party in the chain.

6.3 Cost and benefit calculation
method used

To calculate the costs and benefits, we use the

SAS Value Chain Analytics tool. This tool uses

the principles of Activity Based Costing (ABC),

Direct Product Profitability (DPP) and Customer

Account Profitability (CAP) methods.

The DPP method was developed at the end of

1970 and is primarily used in retail sectors

where chain costs are directly allocated to pro-

ducts. The CAP method dates from the end of

1980 in the supply industry where similar tech-

niques are used as in the DPP method. The ABC

method was also developed at the end of 1980.

It focuses on the allocation of direct and indirect

costs to activities instead of distributing the

(indirect) costs over cost components. 
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6.4 Cost and benefit calculation

As mentioned above, we decided to keep the

numbers relatively simple when calculating the

costs and benefits of the supply chain. The fol-

lowing benefits are quantified

1. Calculation of the benefits per link relating

to efficiency improvements in the handling

of RTI's.  The results are shown per RTI (pal-

let and roll container (RC).

2. The reduction in safety stocks of RTI's in the

chain. The results are shown per RTI (pallet

and roll container (RC))

3. It should also be noted once again that the

results of these calculations are not absolute

values, but provide an indication (propor-

tions) of the costs and benefits. A more preci-

se calculation is only possible using a real

supply chain with actual numbers and values.  

6.4.1 Calculation values 

The following values were used for the benefits:

The values chosen are based on empirical data

and our own analysis on the basis of market

data and interviews.
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The following values have been used for the

costs:

RFID tag price: € 0.50

Cost of installation of

RFID readers per dock door:  € 30,000.00

The generic supply chain is structured as follows:

� Each link occurs once in the supply chain,

apart from the suppliers and stores, which

occur 15 times.

� Total RTI quantity to flow through the supply

chain is 10,000 per day.

� The total RTI stock in the chain is 100,000.

The collection area is the pool manager and

owner of the RTI.

� We have assumed 7 working days per week.

� No distinction has been drawn between cen-

tral and regional distribution centres.

� Each of the 15 stores has one dock door. 

� The production facility has a total of 25 dock

doors.

� Depreciation period for investments:

- Tags 7 years (same as the lifetime of the

RTI)

- Readers and antennas 5 years  

Benefit Values

Handling costs per RTI in a distribution Without RFID, the costs per pallet are € 6.14

centre through increased efficiency (all handling and storage costs). With RFID,

the costs are € 5.62, giving a saving of

€ 0.52.

This is an increase in handling efficiency of

8.5 %  per pallet.

Reduction in safety stocks of RTI The total RTI pool can be reduced by 10 % 

through optimisation

Benefit Values



- Interest costs 7 %

� RTI costs

- Inexpensive pallet € 6.50 

- Roll container (RC) € 50.=

� The lease and deposit for an RTI is the annu-

al RTI price plus a storage percentage total-

ling 25 %.

6.4.2 Starting points for the calculations 

To keep the cost and benefit calculation as sim-

ple and clear as possible, the following assump-

tions have been made:

1. The costs for changes to and integration

with existing software applications (e.g.

WMS and ERP systems) are not taken into

account in the cost and benefit analysis.

2. The costs of RFID tags, readers / writers and

antennas are fully allocated to RTI's. We do

not, therefore, take disposable packaging

into account in the supply chain. The gene-

ric supply chain in our model consequently

consists solely of RTI. 

3. Efficiency improvements (or deteriorations)

due to the use of RFID by the supplier, in the

production facility and in the stores are not

taken into account in the calculations. The

gain in efficiency is highly dependent on

how the end products are handled in the

production facility. This can depend either

on the production method or the type of pro-

duct and packaging. 

4. Any other possible benefits are also not

taken into account in the calculations. These

include fewer delivery and reception errors,

reduced stocks, lower administrative costs,

reduction in loading and unloading times for

freight trucks, more efficient recalls of

goods, fewer losses and thefts of goods and

fewer fake RTI's.

5. Transport costs between the parties in the

chain are not considered.

6. Cost components such as the cost of trai-

ning staff, changes to the organisation are

not taken into account in the calculations.

6.4.3 Results of the calculations

The results of the calculations are expressed in

the following components:

� Capital Investment:

Capital investment includes investment in

gates, readers, tags and antennas. Tags are

depreciated over 7 years, the other invest-

ments over 5 years. The costs are fully allo-

cated to the pallets and roll containers that

use these gates.

The investments are calculated back to pal-

let or roll container level.  This means that

the investments calculated are highly depen-

dent on the size of the RTI flow through the

chain per unit of time.

� Direct costs:

Direct costs include all handling costs that

are directly allocated to the RTI. Storage

costs and capital investment also fall into

this category.

� Cash profit:

Gross income per RTI. This includes the inco-

me from the hire of the RTI less the purcha-

se costs of the RTI. This means that this

component is positive for RTI lessors but

negative for RTI lessees. 

� True Profit:

This is the actual profit earned from an RTI. 

� Net Present Value:

In addition to the calculation per RTI, we

also show the Net Present Value of the use of

RFID for the whole supply chain.

Calculation 1a.

Firstly, a calculation is made to determine the

total investment costs per RTI and the handling

costs per RTI in a distribution centre. This cal-

culation shows that the costs for RFID invest-

ment per RTI are low in comparison with the

handling costs.
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Financial performance per RTI with RFID
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Calculation 1b.

The calculation shows that the savings in hand-

ling costs are much higher than the investments

that need to be made for RFID. The handling

costs with RFID are between 0,52€ (for pallets)

and 0,60€ (for RC) lower than without RFID. The

RFID investment per RTI is only a few Euro

cents.

Calculation 2

Calculation 2 was made with 10 % fewer RTI's

required in the chain. The results show that the

reduction in RTI in the chain makes a positive con-

tribution to cost reductions. However, these cost

reductions are significantly less than the reducti-

on in the handling costs. The calculation was

made over a period of 4 weeks. The same hand-

ling costs and cost reduction are also assumed for

the RTI owner as for a distribution centre.  
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Additional investment and costsaving per RTI with RFID 

CapInvest_Pcase
Direct Cost

Pallets - RFID

RC - RFID

-0,6

-0,5

-0,4

-0,3

-0,2

-0,1

0

0,1

Pallets - RFID

RC - RFID

Financial performance with and without RFID for RTI owner

C
ap

In
ve

st
_P

p
er

io
d

C
as

h
 P

ro
fi

t

D
ir

ec
t 

C
o
st

T
ru

e 
Pr

o
fi

t

Pallets - RFID
Pallets - Normal

RC - RFID
RC - Normal

-1500000

-1000000

-500000

0

500000

1000000

1500000
Pallets - RFID
Pallets - Normal
RC - RFID
RC - Normal

Financial performance with and without RFID for lessee

C
ap

In
ve

st
_P

p
er

io
d

C
as

h
 P

ro
fi

t

D
ir

ec
t 

C
o
st

T
ru

e 
Pr

o
fi

t

Pallets - RFID
Pallets - Normal

RC - RFID
RC - Normal

-1500000

-1000000

-500000

0

500000

1000000

1500000
Pallets - RFID

Pallets - Norma

RC - RFID

RC - Normal

The chart below shows the calculation made for

the RTI lessee. Here too, it appears that the

lease cost is minimal in comparison with the

handling cost.



Calculation of Net Present Value

In addition to the calculation of costs and bene-

fits by RTI above, we have calculated the Net

Present Value of RFID for the whole chain. The

same bases for calculation were used. The star-

ting point is that all costs are incurred in the

first year. The costs consist of tags, readers and

antennas. The benefits are enjoyed in year 2 to

5, with an additional one off benefit in year 2

from the reduction in safety stocks. All other

benefits consist of the reduction in RTI handling

costs are due to improvements in efficiency.

For this calculation, we used a timescale of 5

years, with the costs and benefits distributed as

follows:

With a discount factor of 10 % and a timescale of

5 years, this calculation results in the following

Net Present Value:

The payback period for the investments in RFID

technology is between two and three years in

this case.

6.5 Conclusions

We can draw the following conclusions, bearing

in mind that these are based on a highly simpli-

fied supply chain:

� In our generic supply chain, the use of RFID

on RTI provides a positive business case for

the chain as a whole.

� The benefits will primarily occur where large

quantities of RTI are read per tag and reader

per unit of time and where the RTI handling

costs can be substantially reduced by the

use of RFID. This will primarily apply to

distribution centres and RTI owners (pool

managers).

� The main driver for the business case is the

reduction in handling costs. The benefits

from reducing the number of RTI in the chain

is relatively low compared to the benefits

from reducing handling costs.
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Year 1 Year 2 Year 3 Year 4 Year 5

Costs 3,710 - - - -

Benefits - 3,562 2,912 2,912 2,912

Year 1 Year 2 Year 3 Year 4 Year 5

Net Present Value € 5,555,961.00

in thousands  
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7. Preparation &
Implementation

The previous sections clearly indicate that many

organisations plan RFID pilots and implementa-

tions in the next few years. However, the imple-

menting RFID is a complex task with far rea-

ching consequences. In this section we analyse

the issues that companies face when implemen-

ting RFID. 



Our goal is not to present a methodology for

organisations who want to implement RFID.

Sufficient information on this topic  is already

available (the Global Commerce Initiative has

presented the EPC Roadmap and LogicaCMG has a

similar approach called the RFID Accelerator).

Instead, we analyse the potential implementation

issues by simplifying the introduction of RFID into

two phases: the preparation phase and the imple-

mentation phase. 

7.1 Preparation phase

We cannot emphasize enough that RFID is only a

tool, like any other technology. Creating busin-

ess benefits enabled by this technology requires

changes to business processes and existing ICT

applications. In addition, the relationships with

clients and suppliers may be impacted, for

example regarding information sharing. It

demands a large investment in financial and

human resources, with a programme of ICT,

logistics and organisational projects.

In the preparation phase companies need to

develop a strategic vision of the possibilities of

RFID for their organisation, based on a deep

understanding of the business processes and

business pains. Initial business cases will need

to be developed. When we look at open supply

chain applications, it is also necessary to choose

the right trading partner(s). This can be a com-

plex process in which various factors play a role. 

As part of their RFID strategy, retailers and

manufacturers need to develop a privacy policy

and communicate this to consumers. Despite

the fact that consumer privacy is not an issue

with RFID on returnable transport items, there is

a risk of misconception about RFID technology

among consumers. 

In addition, the consequences for ICT systems will

be considerable: much more data, much more

information and reporting.  An in-depth analysis of

the impact on ICT systems is therefore essential in

the preparation phase. Many companies believe

that data must be 'cleaned' to create significant

value from RFID in open supply chain applications.

Achieving data synchronisation with clients and

suppliers on the basis of 'cleaned' master data is a

large and time consuming process by itself. 

Because of the complexity of the RFID imple-

mentation, we advise a step-by-step introducti-

on of RFID, from study, piloting, small-scale pro-

jects to large-scale applications. Organisations

will go through an iterative process of learning,

experimenting and evaluating. For example,

pilot projects should be used to validate and

strengthen business case analyses.

We expect this path to be longer for the early

adopters than for the followers. Firstly, because

the followers will benefit from the lessons learned

by the early adopters. Secondly, because the early

adopters need to work with immature technology,

especially in the UHF area and in software inte-

gration. This is illustrated by an RTI pool organi-

ser that plans to have UHF RFID tags moulded into

new plastic containers. The product development

has been delayed by a year due to problems with

the reliability of the technology.

All in all, it is clear that organisations will go

through an extensive preparation period before

RFID is implemented on a large scale.

7.2 Implementation phase

Once organisations take the first step towards

implementing RFID on a large scale, a number of

important migration tasks have to be comple-

ted. Moreover, a number of important condi-

tions have to be met. These issues may not be

very important in a pilot project, but are essen-

tial for large-scale implementation:

1. The technology must be 100 % robust and

reliable

2. Distribution of costs and benefits must be

clear

3. System integration and data synchronisation

must be completed

1. Technology must be 100 % robust and reliable

When RFID is rolled out in the organisation, the

read reliability of the tags must be (practically)
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100 %. There must also be a solution for excep-

tion processing. The fact that 100 % read relia-

bility is difficult to achieve was clear from an

interview with a large retailer. This retailer has

already fitted a large number of plastic crates

with RFID tags, but is currently only tracking

them in one distribution centre. The company

will proceed with the roll out to other distribu-

tion centres when read reliability is almost

100%. When it starts the roll-out to other distri-

bution centres it will take time to achieve the

same level of reliability, as every environment

has different factors that need to be taken into

account. 

In addition, it is also necessary to be clear about

what happens if an error occurs in reading a tag

in the distribution centre. In a pilot, errors and

their consequences are part of the learning pro-

cess, but this exception processing is essential

in a full-scale implementation.

2. Distribution of costs and benefits must be

clear

A large-scale RFID roll out demands large invest-

ments, with costs and benefits not necessarily

distributed proportionally between the various

internal and external interested parties. A large

roll out can only take place if this cost/benefit

distribution has been resolved. Two large retai-

lers said that they are working together with

suppliers on RFID, whereby the suppliers them-

selves must recognize the benefits of using

RFID before tagging the products. This process

can therefore have a delaying effect on the

adoption of RFID.

3. System integration and data synchronisation

must be completed

In a pilot project, changes to existing IT

systems are not yet essential. In a large roll out

they are necessary. As with any IT project, sig-

nificant risks are involved. Although major

investments are currently being made in RFID

middleware to achieve the integration between

the RFID hardware and the existing software

applications, this is still an immature sector of

the market.
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As stated earlier many companies indicate that

data synchronisation is a precondition for large

scale RFID implementation. It should be noted

here that this certainly applies for open supply

chain implementation of RFID, but that it is of

less significance for more internally oriented

RFID implementations.

If these conditions are met, it is still possible

that issues arise that may delay the RFID imple-

mentation.  Two potential issues include the

availability of technical expertise and issues

surrounding project ownership.

A large CPG manufacturer indicated that it is

conducting a number of RFID pilots in which the

hardware installation and integration is provi-

ded by various small companies.  Although

these small companies perform well in the

pilots, the manufacturer was concerned about

these hardware integrators in large-scale (worl-

dwide or European) roll outs.  This CPG manu-

facturer, as well as other companies, fear a shor-

tage of technical expertise in the field of RFID

hardware installation and integration European

level and organisation willing to take responsi-

bility for this on a European level.

In addition, some companies are concerned

about the large number of different parties

involved in RFID implementations: RFID tag sup-

pliers, reader suppliers, hardware integrators,

system integrators and possibly business con-

sultants.  If a problem arises with the imple-

mentation, it can be difficult to determine who

is responsible for solving it.

Finally, there are issues that specifically affect

returnable transport items, particularly the

migration from an existing pool and the fitting

of RFID tags on the RTI. 

Organisations that have already gained expe-

rience with fitting RFID tags to existing RTI

pools frequently experienced delays in this pro-

cess. A specific problem is that fact that it is

often difficult to fit 100 % of the items in the

pool with RFID tags, especially in an open

system. 



In addition, it is also often difficult to find a

robust solution for an RFID tag on a specific RTI.

For example, a retailer who had already fitted

RFID tags to roll containers, had to spend a lot

of time developing a robust tag that combined

an RFID tag with a barcode.  Other companies

have invested a great deal of time in finding the

right technical solution for the fitting of an RFID

tag to a pallet. We expect that the knowledge

gained by these early adopters will help to limit

these issues for the companies that follow later.

7.3 Conclusions

� The implementation of RFID on a large scale

has far reaching consequences for business

processes, ICT systems and relationships

with clients and suppliers. It demands a pro-

gramme of projects in the fields of ICT,

logistics and organisation.

� The preparation period for RFID implementa-

tion is long, with a step-by-step introduction

involving research, piloting, small-scale pro-

jects and then large-scale applications. For

the early adopters, this path will be relative-

ly long due to the immaturity of the techno-

logy and the limited experience with RFID in

the retail market. Not all of the consequen-

ces of RFID for organisations, their proces-

ses and systems are clear at this time.

� Consumer privacy is not an issue with RFID

on returnable transport items. However,

there is a risk of misconception about RFID

technology among consumers. As part of

their RFID strategy, retailers and manufactu-

rers need to develop a privacy policy and

communicate this to consumers.

� When the preparatory phase is completed

and RFID is implemented on a large scale,

important conditions must be met. Firstly,

the RFID technology must work 100 % relia-

bly. There must also be a clear distribution

of costs and benefits between the parties

involved. Finally, the necessary system inte-

gration must be completed, including possi-

ble data synchronisation with clients and

suppliers.

� In addition, it is possible that organisations

may be confronted with specific migration

issues during the implementation, such as

the availability of technical expertise and

issues surrounding project ownership.

Furthermore, for returnable transport items

in particular, it can be very difficult and time

consuming to fit RFID tags to an existing RTI

pool.

� All in all, it may take the early adopters a

long time to get from the pilot stage to the

full roll out, possibly longer than we cur-

rently expect.
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8. Conclusions 

The question when and how RFID will be adop-

ted in returnable transport items (RTI's) in the

European retail market is central to this study. 

We conclude that this is the right question to

ask: it is no longer a question if RFID will be

used; it is just a question when this will happen.

The starting point for this study is the European

retail supply chain. The performance pressure

on this supply chain has increased significantly

over recent decades. 



Retail organisations have become more domi-

nant, mainly because of consolidation. As a

result, retailers also play a leading role in the

introduction of RFID. 

Despite the increased performance of the sup-

ply chain, many opportunities for improvement

still exist, for example through supply chain

collaboration. In many cases information pro-

blems underlie logistics problems. ICT solutions

such as barcoding and electronic communica-

tion are still not sufficiently used.

Returnable transport items are widely used in

the European retail supply chain, in a large

variety of materials, sizes and weights, depen-

ding on the application and the product to be

transported. Often they are used in a pool,

managed by a RTI pool organiser or logistics

service provider. The management and admi-

nistration of the pool is often complex, because

of limited supply chain visibility. The identifica-

tion and registration of the RTI's using bar-

coding only occurs to a limited extent.

RFID technology and issues

RFID technology makes it possible to identify

and track objects without time delays, without

human intervention and thus without variable

costs.  In principle, the logistics process can be

optimised better with RIFD than with barcodes.

Despite these advantages of RFID, there are still

a number of issues:

� There is not one clear frequency.  UHF (Ultra-

High Frequency) technology is the most

appropriate for supply chain applications

due to the reading range and speed. The

question remains whether this technology

can be used in environments and products

containing a lot of water.

� It is necessary to take into account the envi-

ronment in which RFID is to be used, such as

the influence of water or metal and possible

interference.

� Software to integrate RFID with business

applications is currently not fully developed.

In a few years, this will become a standard

part of ERP, WMS and supply chain manage-

ment applications.

� Standardisation is currently not yet finalised,

despite the recent progress with the EPC

standard. Furthermore, EPCglobal, the orga-

nisation that implements this standard, is

still operating in start-up mode.

� Due to the limitations in European legisla-

tion, the use of UHF technology is currently

limited in Europe. This means that the pro-

ducts available are relatively immature. 

We anticipate that the issues with standardisa-

tion and European legislation will be resolved

by the end of 2004. From 2005 onwards, UHF

products will be available on the European mar-

ket that meet these standards. 

Due to the physical characteristics of RFID tech-

nology and the limited knowledge and expe-

rience, RFID implementations in the near future

continue to be time consuming and tailored to

each specific environment.

The cost of RFID tags will fall further in the next

few years due to the anticipated increase in

volume. A price for a passive WORM (write-once

read many) tag of 0,05€ in 2007-2008 is possible.

For RTI the price of the tag is less important

because they can be reused throughout the life-

time of the RTI. A further drop in the price of

RFID readers is also anticipated, although this is

harder to predict.

Applications of RFID in RTI

Two main applications of RFID in returnable

transport items are distinguished: (1) asset

management of the pool of returnable transport

items and (2) tracking the flow of goods on or in

the returnable transport items.  

(1) For RTI asset management, the benefits are

mainly realized by the RTI pool organiser

who can manage the pool more efficiently.

The benefits are significant; it becomes pos-

sible to reduce safety stocks, make savings

on transport, reduce administration and

checks on the assets, reduce shrinkage and
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counterfeiting, and offer new services.

However, the RTI pool organisers are depen-

dent on the large retailers and manufacturers,

who also need to gather data via RFID readers

in their supply chain. 

(2) The advantages of tracking the flow of

goods with RFID are primarily for the retai-

lers and manufacturers. In this case, additio-

nal information on a shipment (such as best

before date) can be provided. This can be

done in various ways, including using a

read/write RFID tag. In this case the use of

RFID in returnable transport items cannot be

regarded as separate from disposable packa-

ging. In the end, both types of packaging

use the same infrastructure within the chain.

The possible advantages that can be achie-

ved are diverse:

- Efficiency improvements in RTI handling 

- Fewer delivery and reception errors

- Improved stocking

- Reduced stocks

- Reduction in administrative tasks

- Reduction in loading and unloading

times for freight trucks

- More efficient goods recalls

- Less loss and theft of goods

- Better tracking and tracing for food safety 

The business case for RFID

We have quantified the costs and benefits for

using RFID in RTI in a generic supply chain

model. We concentrated on two possible bene-

fits: the reduction of RTI safety stocks and effi-

ciency advantages in RTI handling. All other

possible benefits were left outside our conside-

ration in this analysis. 

A realistic cost/benefit analysis for a generic sup-

ply chain model is difficult to make. In reality,

each situation is different and in a generic model

assumptions have to be made which quickly

become unrealistic, such as a chain that consists

solely of returnable transport items. Despite

these limitations, we believe that the model we

have used is suitable to provide an indication of

the cost/benefit details in the chain.
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In our generic supply chain, the use of RFID

gives a clear positive business case, even if we

only focus on efficiency improvements in RTI

handling and reductions in RTI safety stocks.

The advantages are primarily for the distribu-

tion centres and the RTI pool organiser. The pay-

back period is two to three years.

The findings of the interviews

It is important to see whether organisations are

actually working towards the implementation of

RFID. To this end, we interviewed 50 organisa-

tions, including 18 large European retailers.

These interviews revealed the following:

� The number of RFID pilots in the retail sup-

ply chain increases significantly in 2004.

Almost 50 % of the companies will gain

experience with RFID  in 2004 through a

pilot project. 

� Eleven of the companies we interviewed will

start to implement RFID before the end of

2005. The majority of the followers also

expect to start RFID implementation within 2

to 3 years.

� 60 % of the companies indicated that RFID is

high on the agenda of senior management.

The way in which RFID is embedded in the

organisation shows a great difference between

the early adopters and the followers.

� The UK is ahead of the rest of Europe in the

implementation of RFID.

� Case level tagging is expected sooner than

(physical) tagging of pallets, because retai-

lers create more value with case tagging

than with pallet tagging.

� There is broad support among the early

adopters for the EPC standard as a data stan-

dard, but not yet for the EPC Network.

� The early adopters prefer UHF as the fre-

quency to use in the retail supply chain. The

question is whether it is feasible to use this

frequency for all applications, i.e. products

containing a lot of water.

� The early adopters are motivated by a long-

term vision, and expect additional benefits

to become clear after RFID has been imple-

mented. There is a large gap in knowledge



and vision between the early adopters and

the followers. 

� Because RFID implemenations impact the

entire supply chain, the work of the early

adopters will create a snowball effect. It is

important for all parties to gain experience

with RFID technology in the short term in

order to understand the possibilities and

limitations. 

� RFID on RTI's will start with new products

brought the market, because migration is

not a problem. 

The influence of
implementation issues

The interviews show that RFID will actually be

implemented on a large scale over the next few

years, driven by the large retailers and the RTI

pool organisers. It is important to analyse the

possible issues these companies will face,  both

in the preparation phase and during the actual

implementation. 

The implementation of RFID on a large scale in

the supply chain will have far reaching conse-

quences for business processes, ICT systems

and the relationships between clients and

suppliers. It demands a large investment in

financial and human resources for each organi-

sation, with a programme of ICT, logistics and

organisational projects.

The preparation period for RFID implementation

is long, consisting of a step-by-step introducti-

on based on study, piloting, small-scale projects

through to large-scale applications. For the

early adopters this path will be relatively long

because the technology is immature and there is

only limited experience with RFID. Not all of the

implications for organisations, their processes

and systems are clear at this time.

Consumer privacy is not an issue with RFID on

returnable transport items. However, there is a

risk of misconception about RFID technology

among consumers. As part of their RFID strategy,

retailers and manufacturers need to develop a

privacy policy and communicate this to consumers.

Before a large-scale RFID implementation can

start, the RFID technology must work 100%

reliably. The distribution of costs and benefits

between the parties involved must also be clear.

Finally, the necessary system integration must

be carried out, including possible data synchro-

nisation with clients and suppliers.

In addition, organisations may be confronted

with specific migration issues, such as project

ownership and the availability of technical

expertise during the implementation period. A

number of organisations fear a shortage of engi-

neers for the hardware installation in large-scale

implementations.

For returnable transport items in particular, it is

difficult and time consuming to fit an existing

RTI pool with RFID tags.

In summary, companies will gradually introduce

RFID technology in supply chain applications

over the next few years, despite the current tech-

nical and organisational issues.  It will require a

lot of effort, but the early adopters, mainly large

retailers and RTI pool organisers, are already

starting.  These implementations have an impact

on the whole chain and will lead to an irreversi-

ble process. The followers, who are currently still

just watching, will also implement RFID over

time. Because of the far reaching consequences,

these organisations should gain knowledge and

experience as quickly as possible.
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9. Roadmap

We started this study with the aim of determi-

ning when and how RFID would be used on a

large scale in returnable transport items in

European retail.  In the previous sections we

have analysed the factors that we believe will

influence this question. It has become clear that

RTI will be fitted with RFID tags in the future,

given the many advantages that this offers.

On the basis of this analysis, we have shown

our expectations in the diagram below, with the

note that this is a simplification of reality. 



The distinction between early adopters, follo-

wers and late followers is not as black and

white as this diagram implies. 

We briefly explain this roadmap above, descri-

bing the most important developments in each

year.

2004:

� The number of pilots increases rapidly, with

all RTI pool organisers gaining experience

with RFID in returnable transport items.

� EPC standard Class 1 Generation 2 is publis-

hed and European legislation on UHF is

amended, solving two important problems

for the European market.

� EPCglobal becomes operational.

2005:

� Reliable UHF products are available on the

European market.

� The first RTI pool organisers offer crates fit-

ted with RFID tags.

� Large retailers such as Wal-Mart, Tesco and

Metro start a large-scale roll out, i.e. throug-

hout the whole organisation, at least at case

and crate level.

� The number of followers starting pilots

increases quickly.

2006:

� Early adopters are fully occupied with imple-

mentation, possibly facing issues with

system integration.

� The first followers start their implementa-

tions.

� The late followers are also slowly starting

the first RFID pilots.

2007:

� Price of a passive RFID tag falls to 5 Euro

cents.

� Followers now occupied with implementa-

tion, followed by the late followers who had

a relatively short pilot phase.

� The first early adopters complete their RFID

implementation with logistics applications.

After 2007:

� In the years after 2007, interest slowly shifts

towards item level tagging, but it will be

some time before this is used.
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Appendix 1: 
Overview EPC Network

The EPC standard has gained wide support in

the retail industry. This standard was developed

by the Auto-ID Center, and is currently imple-

mented and enhanced by EPCglobal, a subsidia-

ry of EAN International and UCC. In this appen-

dix we describe both the EPC data standard, as

well as the vision for the EPC Network.



The Electronic Product Code (EPC)

EPCglobal presented the new Electronic Product

Code as the next generation of standards for

product identification. EPCglobal wants to sti-

mulate the use of EPC by giving the EPC the

same basic structure as the Global Trade Item

Number (GTIN). 

Source: Auto-ID Center.

How does an EPC work ?

The EPC consists of a "Header", "EPC Manager",

"Object Class" and a "Serial Number".

The "Header" contains the EPC version number. 

The "EPC Manager" includes the manufacturer of

the product (e.g. 'Coca-Cola Company').

The "Object Class" gives the type of product, in

most cases the SKU (Stock Keeping Unit) for the

product (e.g. 'Cola 330 ml can'). 

The last is the serial number - unique for each

product - that precisely identifies which can of

cola we are dealing with. This makes it possible,

for example, to find products quickly if the best

before date has passed.

EPC variants

EPCglobal provides 64 and 96 bit EPC codes

with the possibility of larger variants. The 96 bit

variant is the most commonly used and provi-

des a unique identification for:

� 268 million companies, 

� 16 million object classes per company and 

� 68 billion unique serial numbers per class.

This provides more than enough EPC codes to

identify all products produced worldwide.

EPC compliant tags

The Auto-ID Center has developed different

tags, which are currently not interoperable,

including a read-only tag (Class 0), and a write-

once, read-many tag (Class 1).

Future development: UHF Generation 2

Foundation Protocol 

EPCglobal is currently developing a standard

that merges Class 0 and Class 1 protocols, and

that can be used as a proposed ISO standard.

The standard currently being developed is cal-

led Generation 2 Foundation Protocol, or EPC

Class 1 Generation 2. It is expected that this

standard will be available before the end of

2004.
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The following table provides an overview of the evolving EPC protocols (source: RFID Journal)

59RFID Benchmark study

EPC Network

At the moment, EPCglobal is developing and

testing the EPC Network. This network will

make it possible to use the internet to exchan-

ge information about objects. Version 1 specifi-

cations are available from EPCglobal and descri-

be the various parts of this network. 

Savant

The Savant is middleware software that makes it

possible to process the huge flows of data from

the tags and sensors. The main job of Savant is

to collect and filter the tag data so that the data

volume is reduced and the exchange with the

business applications can take place.

EPC Information Service (EPC IS)

This Information Service converts EPC Network

related data into PML format and makes this

available to the applications that need this data.

The data that the EPC Information Service can

provide includes:

� Read tag data from the Savant,

� Batch related data, such as production date

and best before date from the Enterprise

Application,

� Object information, such as extra product

information.

The EPC Information Service can use the various

sources of data that exist within an organisation. 

Protocol Frequency Description

Class 0 UHF Read-only, factory programmed

Class 0 Plus UHF Read-write

Class 1 UHF, HF Write-once, read-many (WORM)

Class 1, Generation 2 UHF WORM, can be used globally;

(Generation 2 merges Class 0 and Class 1

Foundation Protocol) and perhaps ISO

Class 2 UHF A proposed read-write tag

Protocol Frequency Description



Object Name Service (ONS)

Only one EPC code is stored on a tag. This EPC

must be linked to a location where information

on the object concerned can be found. This is

the function of the ONS, a worldwide internet

service (comparable to Domain Name Service,

DNS), which points computers to locations on

the internet. Alongside this worldwide ONS, a

local ONS service should also be active within

the organisation, known as ONS Cache. This

local ONS service stores all recently requested

locations, so that there is no need to be conti-

nually requesting the same information from

the worldwide ONS.

In January 2004, EPCglobal has awarded a

contract to VeriSign to provide the services for

the global ONS root.

Physical Markup Language (PML)

The EPC code identifies the object, but all the

information about the object has to be looked

up via the internet. The exchange of this infor-

mation is via reports compiled in the new

Physical Markup Language. PML is based on

XML.

How the EPC Network works

This diagram describes the process of delive-

ring goods from a factory to a distribution cen-

tre (DC). 

The goods are scanned as they leave the facto-

ry (1). The EPC codes are stored as sent in the

Business application (2).

The goods arrive at the DC and are scanned

again (3). The EPC codes appear to be unknown

to the local ONS at the DC (4). The EPC IS at the

DC will now report the EPC codes to the worl-

dwide ONS. The worldwide ONS will then point

the EPC IS to the location where the information

is available (5). The EPC IS at the DC will now

make contact with the EPC IS of the manufactu-

rer via the internet and request the information

on the EPC codes (6). The manufacturer's EPC IS

will request the information from its own busin-

ess application (7) and translate this into a PML

report. This report is then sent to the EPC IS at

the DC (8). The local ONS at the DC can now be

improved with the location information from the

manufacturer's EPC IS (9). The EPC IS at the DC

can finally translate the PML report into infor-

mation that can be stored in its own business

application (10).

Real-time Tracking & Tracing

With the EPC Network, computers will be able to

track and trace physical objects, allowing com-

panies to automatically follow items throughout

the supply chain. This network can be enhanced

with additional technology like GPS and GSM for

real-time tracking and tracing of items that are

en route to a warehouse or a store.
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Appendix 2:
Overview of
RFID middleware

Many software providers are currently develo-

ping software to integrate RFID data with

existing software applications. This includes

ERP, WMS and traditional middleware vendors.

This section provides an overview of the current

marketplace.



Software Supplier(s)

SAP

Oracle

Microsoft

IBM

Marc GLobal

Manhattan Associates

WebMethods

Tibco

Sun Microsystems
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Solution / Product

Auto ID Infrastructure  (AII) 

Oracle Warehouse Management

Business Solutions

IBM WebSphere(r) MQ

WebSphere Business Integration

IBM DB2(r) Everyplace(tm)

IBM eServer(tm)

MARC Suite(tm) RFID Solutions

RFID in a Box

Integration Platform

TIBCO(r) business integration and

business optimisation software

Sun(tm) Open Net Environment (Sun

ONE) Integration layer

When available

The package is currently available

only to pilot customers, but it will

be more widely available to custo-

mers in mid-2004.

The next version of Oracle

Warehouse Management is schedu-

led to be generally available in the

Summer of 2004.

Expand the pilot work in 2004 and

to RFID-enable upcoming releases of

Axapta and Business Solutions-

Navision(r) in 2005. In 2006,

Microsoft  plans to release a version

of  Retail Management System that

is RFID-enabled.

Currently available

Currently available

Currently available

Currently available

First half of 2004

Currently available 
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Description

Adds a layer of intelligence between the reader and the application. It collects, analyses and manages

high volumes of real-time information from tagged items, environmental sensors and real-time locating

systems.

The new version of Oracle Warehouse Management will enable pallet- and case-level tagging for auto-

matic processing of inbound and outbound shipments.

SQL Server providing the functionalities that are needed for RFID data management, BizTalk that can

take data feeds from a reader, aggregate the data, do data smoothing and filtering, and then store the

data. 

Microsoft plans to provide the infrastructure capable of supporting real-time decision-making through

a combination of SQL Server Accelerator for Business Intelligence and BizTalk. 

IBM WebSphere(r) MQ and WebSphere Business Integration, which allows end-to-end integration IBM

DB2(r) Everyplace(tm), which supports handheld devices and provides data synchronization with larger

systems. 

IBM eServer(tm) systems, which offer self-managing and self-optimising features.

Compliance Kit(tm) meets Wal-Mart and Department of Defense mandates requiring the placement of

tags on shipments of pallets and cases.

Enterprise Edition(tm) provides the necessary interfaces (APIs) to connect with MARC's existing SCE

applications.

MARC Global's expanded RFID offerings are built upon OATSystems' Senseware(tm) middleware plat-

form.

The "RFID in a Box" solution includes RFID readers, antennas and limited license version of Manhattan

Associates' Trading Partner Management application, allowing them to generate RFID label tags and

apply them to goods.

WebMethods Integration Platform provides connectivity to Manhattan's warehouse management appli-

cations and other critical back-office applications.

With the existing WebMethods Integration Platform, companies can integrate RFID with their core back-

end systems. 

Together with OATSystems' RFID application, Senseware, the solution tracks all assets and inventory

with RFID tags, automates data capture to eliminate manual count, bar code scanning and data entry.

TIBCO and Alien Technology are working together to develop RFID solutions that integrate real-time

events generated by Alien's hardware with the entire enterprise via TIBCO business integration soft-

ware. TIBCO business integration and business optimisation products will provide visibility and analy-

sis of RFID events, enabling organisations to react more quickly to changing business conditions.

The Sun ONE Integration layer provides several options for integrating Savant servers with existing

systems through either the Sun ONE Application Server, for point-to-point integration, or the Sun ONE

Integration Server EAI Edition, for tying multiple systems into a complex workflow.
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Appendix 3:
Case Studies

Three case studies for the use of RFID in retur-

nable transport items will be discussed in this

appendix:

� Hoogvliet: RFID tags on roll containers in the

distribution centre

� Hays Logistics: RFID on crates in European

supply-chain

� CHEP: RFID on pallets



Hoogvliet: RFID tags on roll containers in

the distribution centre 

Hoogvliet is a medium-sized Dutch supermarket

chain with 1 distribution centre, 39 stores and

an annual turnover of 425 million Euros.  

Objectives of the project

Placing RFID tags on roll containers is part of a

logistics improvement process for Hoogvliet, in

which the processes within the distribution cen-

tre and towards the stores are being optimised.

Chosen technology 

TrolleyTrack has developed an integrated RFID

tag and barcode for Hoogvliet, which has been

fitted to 8000 roll containers.  The RFID tag is

from Texas Instruments and operates at low fre-

quency (134 kHz). Readers are placed in the

floor at each dock door in the distribution cen-

tre. In addition, all trailers are fitted with RFID

tags that are read by readers in the dock door.

Status

After some initial problems with the RFID tech-

nology, the system is now fully operational. If a

roll container is loaded into the wrong freight

truck, an alarm goes off which only stops once

the roll container is removed again. This rules

out incorrect deliveries.

Future expectations

At the moment, Hoogvliet is working on develo-

ping applications to further optimise the distri-

bution process. It is worth considering fully

matching each run with the appropriate roll con-

tainers (thus also providing completeness

checks) and optimising the picking process.

Hays Logistics: RFID on crates in European

supply-chain

Hays Logistics is a large logistics service provi-

der with a strong position in the fresh food

chain. The Hays Chilled Logistics & Services

division has been working for a few years on a

project in which RFID technology is used in

plastic containers that are used in the European

distribution of fresh meat to retailers. Hays is

working with Bekuplast in this project. This pro-

ject, known as the info-Box System (iBoS), is

financially supported by the European Union's

IST programme. 

Objectives of the project

The objective of iBoS is to increase the transpa-

rency of the logistics chain of meat products by

electronic identification in order to improve

food safety and logistics efficiency. The iBoS

system consists of a new plastic container with

built-in RFID tag and an Internet-accessible

Supply Chain Management System. 

With this technology, it is possible to read 250

crates at the same time, making it possible to

track each individual crate instead of just the

complete pallet. According to Hays, the various

parties in the chain have also benefited from the

fact that the system can help to regain the

damaged trust of the consumer with regard to

food safety.

Chosen technology 

Hays has chosen 13.56 MHz (High-Frequency)

RFID technology, with read/write tags moulded

into the crates by Bekuplast. The crates can not

only be uniquely identified, but they can also

contain information on each shipment.  Readers

are placed at various points in the chain (abat-

toir, distribution centre and possibly stores).
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Status

Hays has carried out numerous trials, both

internally and with trading partners.  A definiti-

ve test is starting in spring 2004.

Future expectations

Hays' crates are used throughout the whole

chain and the future success is therefore highly

dependent on the support Hays obtains from its

trading partners and thus on standardisation.

The frequency in particular plays an important

role here, since large retailers have expressed a

strong preference for UHF on the basis of the

EPC standard, whereas Hays does not consider

this frequency to be appropriate for use with

meat and fish products due to the high water

content. Furthermore, Hays says that the meat

processing industry also prefers HF technology

for the same reason.
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CHEP: RFID on pallets

CHEP is a global RTI pool organiser with a

strong position in the retail supply chain and

clients such as Tesco, Unilever, Carrefour,

Nestle, Procter & Gamble. With a pool of 200

million pallets, it is the world's largest pallet

supplier. CHEP has been working for five years

on RFID in returnable transport items. According

to RFID Journal, it has invested a total of $ 20

million in RFID technology in this period.  The

largest pilot took place between May 2002 and

May 2003 in the CHEP distribution centre in

Florida, USA. During this pilot scheme, 250,000

pallets were fitted with UHF RFID tags.

Objectives

Like other RTI pool organisers, CHEP anticipates

outstanding possibilities for optimising the

management of the RTI pool with the help of

RFID. Alongside this, RFID provides the oppor-

tunity to offer new services to clients.

Status

In recent years, CHEP has built up a great deal

of knowledge about the use of RFID in pallets.

At the moment, CHEP has optimised the positio-

ning of the tag on the wooden pallet (after an

extensive learning process) and has achieved

read reliability of almost 100 %. For the pilot in

Florida 250,000 pallets were fitted with UHF

tags. This made it possible to track where the

pallet went, which pallets were returned and

which pallets were damaged. This pilot gave

CHEP a better insight into its existing processes.

Future expectations

Although CHEP has invested a lot in RFID, it is

currently not clear whether and when CHEP will

actually fit its entire pool of wooden pallets with

RFID tags. The tag for a pallet costs around $ 1

US, so the costs are enormous for a pool of 200

million pallets. In addition, migration is a possi-

ble issue in such a worldwide pool. It is more

likely that CHEP will add tags to a part of its pal-

let pool, and provide these as a separate serv-

ice. Perhaps Wal-Mart's mandate to demand RFID



tags on all pallets and cases from suppliers may

play a significant role here. This was confirmed

in March, 2003 when CHEP launched PLUS ID, a

service that includes RFID-enabled pallets; sup-

port applications to collect, store and process

data; and upgrades to ensure compliance with

emerging EPC standards. CHEP plans to charge a

premium on its existing rental fees, but says the

exact amount of the premium will not be set

until it completes trials with several customers.
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Appendix 4:
Sources



� "Pallet tracking goes high tech"- Mark

Roberti, RFID Journal, January 2004

� Reusable Transport Items - Organisational

Recommendations - by ECR Europe and the

Centrale für Coorganisation GmbH, 2003

� Statement from the Workshop "RFID and

Reusable Assets", hosted by EAN

Netherlands and the Dutch Normalisation

Institute, November 2002

� Tracking & Tracing in de praktijk - by EAN

Nederland, 2003

� Test Report - integrated European info-Box

System for improved food safety and

logistics - project IST-2001-37707, January

2003

� "Crossing the chasm" - Geoffrey Moore

� "The 5 cent RFID tag"- RFID Journal, January

2004

� "The Standard Problem"- RFID Journal,

January 2004

� "Demand & Supply Chain Management", J.

van der Veen en H. Robben

� "Focus on the Supply Chain: Applying Auto-ID

within the Distribution Center" - Auto-ID

Center, June 2002

� "EPC Roadmap -  Executive Summary" -

Global Commerce Initiative, November 2003
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tant with more than 16

years experience in the

CPG and flower aucti-

ons market. Mark has a

strong background in

Logistics, Supply Chain

Management and Financial Management.  Mark

contributed to the RFID benchmark study as key

author and researcher. He interviewed a number
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Appendix 6:
Sponsor profiles



Euro Pool System is the European market leader

for returnable packaging and has more than

thirty years of experience in supplying logistical

services. Next to the head office, which is based

in the Netherlands, the company has six branch

offices in Germany, France, Spain, Italy, the

Benelux and Czech Republic. With an extensive

depot network all over Europe, Euro Pool System

guarantees its clients to have always sufficient

rigid and foldable containers available.

Being a partner in supply and return logistics,

the pool organisation offers its customers tailor-

made solutions for transport, delivery, washing

Checkpoint Systems, Inc. is a multinational

manufacturer and marketer of technology dri-

ven  solutions for retail security, labelling, and

merchandising. Checkpoint is the leading provi-

der of radio frequency (RF)-based shrink  mana-

gement solutions to the globalretail  industry,

including over half of the world's top 200 lar-

gest global retailers. 

In addition to its shrink management capabili-

ties, Checkpoint's end-to-end supply chain tech-

nology helps apparel and consumer product

manufacturers and retailers brand, track and

secure goods worldwide. 

Checkpoint has a presence in more than 50

countries and a global network of 29 service

bureaus located in the world's apparel manufac-

turing capitals.

At Container Centralen A/S (CC), our goal is to

ensure that your logistics chain works as simply

and as smoothly as possible. Our core skill is

our ability to develop and maintain systems that

integrate every link in the supply chain – from

the manufacturer to the retailer, right to the

consumer’s shopping basket. 

CC has a leading position in equipment pooling

systems within the European flower and plant

industry. At the same time, we have become res-

pected for the way in which CC has helped the

European supply chain to run more smoothly. As

well as the flower and plant industry, we serve

many customers in the retail food industry,

including a number of the biggest supermarket

chains in Europe.

The CC Pool System

CC uses a retail trade concept based on two

principles: CC’s well-acknowledged pool system

with 1:1 exchange as well as products of stan-

dard dimensions. 

The CC pool system enables effective circula-

tion – and a built-in insurance. Every participant
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within the system takes on just the number of

units needed. And when the CC system is under

way, full trolleys are simply exchanged for

empty ones and vice versa. In principle no

money is exchanged between the participants.

We take care of trolley defects.

The CC Units

CC’s units have been developed to conform to

known European standards. This is why CC units

easily fit into automated handling systems.

As consideration has been given to all aspects

of the supply chain, right up to the point of dis-

play, we make it possible to set a whole new

standard as to flexibility and control. This

works all the way from manufacturer to the dis-

play point and can be varied throughout the day

or week with minimum effort.

Contact Us

For more information, please contact us at:

Container Centralen A/S

Egegaardsvej 20

DK-5260 Odense S

Denmark

Phone: +45 6591 0002

Fax: +45 6591 3784

E-mail: ccdk@container-centralen.com

Website: www.container-centralen.com
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and sorting out of trays and pallets. 

In order to investigate where a reduction of

costs could be possible, the company assists

and advises its relations in analysing all costs

throughout the supply chain, derived from

logistics, packaging and waste management.

Read more about Euro Pool System, its products

and services on: www.europoolsystem.com.

Intermec Technologies is a leader in global sup-

ply chain solutions and in the development,

manufacture and integration of wired and wire-

less automated data collection and mobile com-

puting systems. The company’s products and

services are used by customers in many

industries to improve productivity, quality and

responsiveness of business operations, from

supply chain management and enterprise

resource planning to field sales and service. 

Key products within the Intermec range include

hand-held computers, pen tablet mobile compu-

ters, vehicle mount terminals, hand-held termi-

nals and entry-level hand-held terminals.

Intermec’s data capture solutions include fixed,

handheld or cordless applications, featuring

advanced reading capabilities and OEM scan-

ning modules. Intermec’s wide range of printers

and media include the Intermec smart printers,

programme solution printers, and wireless and

ethernet connections.

Based on a common architecture, the Intermec

product range offers class-leading ruggedness,

performance and ergonomics. It also incorpora-

tes the latest technologies including imaging,

wireless printing and communication via

Bluetooth, GPRS and 802.11b for real-time,

mobile data acquisition.

Intermec's Intellitag RFID product range inclu-

des tags as well as fixed and mobile readers for

passive UHF technology.  Intermec is fully com-

mitted to standards in the RFID arena, currently

offering ISO 18000-6 read/write technology for

across all ITU regions.  As well, Intermec is also

a full member of EPCGlobal and co-chair of the

UHF Gen 2 (C1G2) specification committee, and

will be offering EPC compliant products this

year.

The combination of RFID with traditional auto-

matic data capture, mobile computing, printing

and a proven track record in implementing solu-

tions for many customers means that you can

Expect MoreTM from Intermec.

Headquartered in Kyoto, Japan, OMRON corpo-

ration is a global leader in the field of automa-

tion. Established in 1933 and headed by

President and CEO Hisao Sakuta, Omron has

more than 23,000 employees in over 35 coun-

tries working to provide products and services

to customers in a variety of fields including

industrial automation, electronic components,

social systems (ticket vending machines, cash

dispensers, and traffic control), and healthcare.

The company is divided into five regions and

head offices are in Japan (Kyoto), Asia Pacific

(Singapore), China (Shanghai), US (Chicago) and

Europe (Amsterdam). For more information, visit

Omron's Web site at 

www.omron.com.

In the field of RFID Omron is an active player

since the 80’s. Omron develops and produces

RFID hardware and labels in LF, HF and UHF fre-

quency bands. Omron has been involved with

many projects in the RFID field with companies

like Metro/Kaufhof, BA and Sainsbury’s. Omron

cooperates with partners to make complete

solutions.

The latest news is that Omron has developed an

RFID reader/writer compatible with both UHF

(super-high frequency) and HF (13.56 MHz) fre-

quency bands. In addition, Omron has also

developed a UHF band IC tag that utilizes pro-

prietary IC chip ultrasonic bonding technology.

This newly developed RFID reader/writer, is

capable of communication with IC tags confor-

med to EPC and ISO (18000-6, 18000-3) stan-

dards. 



CEO's, CFO's, directors and managers make

decisions on a daily basis, which have an influ-

ence in the organization’s direction in the short

term and continue to have a long-term impact.

SAS delivers software whereby information

extracted from company information systems

can be utilized to provide valuable decision-

making insight when making these critical deci-

sions.

SAS, established, in 1976 is the worlds largest

privately held software company. More than 60%

of all companies listed on the Euronext stock

market are SAS customers.

SAS invests 32% of revenue in Research and

Development (nearly twice the industry avera-

ge). This is one reason why SAS continues to be

an innovative leader in the Business Intelligence

area over a period of 25 years. 

SAS employs nearly 10,000 people located in

over 200 offices spanning the globe, whereby

100 employees.

In more than 200 offices spanning the world,

nearly 10,000 people are employed by SAS,

whereby 100 people are located in the

Netherlands.

SAS technology

SAS technology offers an integrated, open and

scalable architecture, capable of harnessing and

delivering detailed company knowledge

(Business Intelligence). All SAS products and

solutions are built on this platform-independent

foundation. 

SAS solutions

SAS utilizes operational system as a foundation

for all SAS solutions. A layer of decision-making

analytical applications is deployed on top of this
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ZETES, an integrator offering a strong added

value (advice, project management, implemen-

tation …), takes up a European market leader

position in the fields ofautomatic identification

of goods, authentication of people and wireless

networking.

Our solutions are implemented in various sec-

tors of activity: industry, retail, transportation,

logistics, distribution, health care, finance, tele-

communication, public services… They are

mainly based on following technology:

- bar code

- RF (Radio Frequency)

- voice recognition

- chip card (manufactured and personalised in

our own production unit).

In the field of the identification of goods, ZETES

provides solutions that are aimed at the optimi-

sation of the supply chain and the automation

of the general services of his customers, in

interaction with their own systems.

Built on strong local presence, because we want

to be close to our customers, our leadership

position in Europe is based on the sharing of

expertise and skills between our various

European entities and a line of products and

services that is at the forefront of technology.

With over 450 people, the ZETES group recorded

a consolidated turnover of euro 100+ million in

2003. ZETES companies are located in following

countries: Belgium, The Netherlands, Germany,

France, Spain, Portugal, United Kingdom and

Ireland. 

For more information on RFID products take a

look at www.omron.com/card/rfid or contact

your local representative.

foundation. This results in a single source of

information required for implementation of a

complete, enterprise-wide, analytical knowled-

ge strategy. The resultant areas of expertise can

be categorized as: Financial Intelligence,

Customer Intelligence, Supply Chain Intelligence

Performance Management, Web Analytics


