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The world of data capture has been well served over the years by the likes of bar 
codes and infrared. Both have proved efficient and reliable to a degree, but their 
limitations are being highlighted with greater frequency as organisations begin to 
place greater demands on their tracking requirements. Radio-frequency identification 
(RFID) has been seen as their natural successor. 

Demand for RFID systems from the consumer industry and retailing is growing in 
parallel with rapid developments in the underlying technology. This is because the 
advantages and increasing potential of RFID are gaining attention across every 
sector. RFID is already in operation and its versatility seems likely to safeguard its 
continued adoption in other industry sectors. It has already become a technology that 
most companies can ill afford to ignore. 
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1.0 Executive summary 

In areas ranging from inventory management to security 
applications, radio-frequency identification (RFID) is a 
buzzword infiltrating many organisations today. The 
technology appears to have weathered the unrealistic 
expectations it attracted in its earliest days, and is 
beginning to prove its practicality in some realms – in paint 
shops and high-temperature manufacturing environments, 
for example, and for tracking individual assemblies on 
production lines. It is not long since RFID was regarded as 
having a few uses in carefully selected areas. Now, 
however, it is gaining a growing reputation in many 
industries as a reliable and cost-effective means of 
identification across a wide range of applications. 
 
This review begins with a brief look at some of the current 
technologies used in automatic data capture, highlighting 
their limitations and demonstrating why RFID is regarded 
as their likely successor. Chapters 3 and 4 look at the key 
applications where RFID is likely to have the greatest 
initial impact and where the main developments and 
implementations are currently focused. This provides 
evidence with which to assess the potential size of the 
RFID market and identify industry segments where RFID 
is most likely to impact in the next five years. 
 
This review will also provide an analysis of some of the 
most influential RFID vendors in the market, detailing their 
experience and capabilities in this field, and also providing 
information on their latest projects. Chapter 6 investigates 
why RFID has struggled to gain a foothold in industry and 
why its uptake is still so small. Many of the barriers which 
have so far hindered its progress are highlighted, as well 
as the measures which developers and suppliers will need 
to take before RFID gains industry-wide. 
 
The review ends with examples of companies that have 
implemented RFID programmes and the impact this 
technology has had – positive and negative. Examples are 
also provided of the R&D under way in the industry and 
the advances this is expected to bring to current RFID 
technologies. 
 
 
2.0 An overview of RFID 

2.1 The evolution of RFID 

The origins of radio-frequency-assisted tracking 
technology go as far back as the 1940s when it was 

pioneered in World War II for identifying enemy aircraft. 
The technology soon extended itself to cattle tracking and 
cargo using radioactivity and, in recent times, finds itself 
the likely successor to bar-code technology in supply-
chain management. However, to lessen the cost of RFID 
tags, further technological refinement is required, as mass 
their production by way of technologies available today 
cannot bring down the cost to the desired levels.  
 
 
 RFID refers to systems that read or write data to 

radio-frequency (RF) tags that are present in a RF 
field projected from RF reading/writing equipment. 
Data may be contained in one or more bits for the 
purpose of providing identification and other 
information relevant to the object to which the tag is 
attached. 

- Dynasys Technologies Inc. 

 
 
 
 
 
 
 
 
 
Radio-frequency identification is in itself a relatively new 
technology, tracing its roots to tracking and access 
applications beginning in the 1980s. Currently, RFID 
technology finds extensive applications across a broad 
spectrum of markets, including the likes of automated 
vehicle-identification (AVI) systems, where it lends itself 
perfectly to the tracking down of moving objects. Of late, 
the technology has become indispensable across a wide 
array of applications involving automated data collection, 
tracking, and analysis. The core advantage of RFID 
equipment lies in the wireless technology, which enables 
contactless reading without requiring line of sight, making 
it suitable for use in harsh as well as ordinary 
environments. 
 
 
2.2 Operational aspects of RFID systems 

An RFID system makes use of transceivers and electronic 
transponders (also referred to as tags) for wireless data 
collection. In this process, when tags come within range of 
the transceiver, the information is decoded by the 
transceiver. A basic RFID system generally comprises a 
transponder (tag) electronically programmed with product 
information relevant to the item to which it is affixed; a 
transceiver (with decoder); and a coil or antenna.  
 
The function of the antenna is to act as a channel between 
the tag and the transceiver, which has ultimate control of 
the system's data acquisition and communication 
functions. The antenna activates the RF tag by emitting 
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radio-frequency waves to read and write information from 
and to it.  
 
Antennas are embedded into a structure to receive tag 
data from persons, vehicles or moving objects. The 
antenna usually comes with transceiver and decoder to 
double up as reader, and can be programmed for 
handheld operation or for operation from a fixed location. 
Depending on the power output and frequency, the reader 
emits radio-frequency waves over a distance ranging from 
one inch to one hundred feet or more. The information 
stored in these tags is detected by the reader's activation 
signal, when the RFID tag traverses an electromagnetic 
zone. The encoded data stored on the integrated circuit of 
the tag is decoded by the reader and fed into the host 
computer for processing.  
 
The tag stores certain product information in its memory 
chip, and is read by reader emitting radio-frequency 
waves. The information contained may vary from simple 
data such as serial numbers, to much more complex and 
critical information. RFID tags can be either active or 
passive. Both types include an antenna and a silicon chip 
for processing. The difference is that an active tag 
features an additional component – an on-board power 
source – whereas the chip in a passive tag is powered by 
energy from the radio-frequency wave transmitted by the 
reader/writer.  
 
Passive tags feature a mechanism that stores energy in a 
capacitor for a short duration after receiving the RF wave, 
which is just enough to process and transmit a return 
signal. Upon entering the radio-frequency signal field, the 
passive tag uses a technique called ‘backscatter’ to 
convert the signal into two parts, one for powering the 
chip, the other containing the encoded information which 
is processed by the chip. A return signal is then fed into 
the reader. Due to the lack of active on-board power 
components, there exists a time lag in reading passive 
tags. While low-frequency chips feature a read distance of 
about one metre, ultra-high-frequency chips are capable of 
reading signals at distances of up to four metres or more. 
 
Active tags feature an on-board power source, and come 
in two variants: battery-assisted and 'true' active tags. 
Battery-assisted tags are simply passive tags with the 
addition of a built-in power source. This type of tag also 
uses backscatter technology to reflect the signal back to 
the reader, while the battery assists in powering only the 
chip, enabling more power to be reflected back to the 

reader, thereby enhancing the read distance between the 
tag and the reader.  
 
Active RFID tags are usually read/write and hence feature 
the capability of rewriting or modifying the data. The tag is 
powered by an internal battery source and memory 
capacity varies by application, with certain systems having 
up to 1 MB memory. Since power is supplied by battery, 
active tags generally have a longer reading range. 
However, active tags are bigger in size, higher in cost, and 
have limited operational life.  
 
Because passive RFID tags obtain the power required for 
operation from the reader, they can be extremely light and 
have significantly prolonged lifetimes. On the other hand, 
they suffer from shorter read ranges and require powerful 
readers. Furthermore, passive tags are mostly read-only 
and are programmed with unique data that cannot be 
modified. Conversely, because ‘true' active tags 
incorporate a power source, they are capable of 
transmitting signals across distances of about 40 metres. 
Naturally, this capability gives active tags a much higher 
price premium in the market. 
 
 
2.3 Technology comparisons 

2.3.1 Bar code 

RFID equipment offers numerous advantages to end 
users over bar code technology. 
 Information stored in tags is read using radio-frequency 

waves rather than light as with bar codes. Therefore 
tags need not be in line of sight for the reader to read 
the information.  

 RFID works in hostile environments, and tags can be 
read through snow, smoke and in many other harsh 
conditions. 

 RFID is capable of reading through opaque surfaces 
and can be used in visually challenging conditions.  

 A tag can be read and written to, and information 
contained in the tag can be modified or rewritten. 

 RFID data can be read faster than bar codes. 
 
Machinery manufacturing is one application making heavy 
use of bar codes at every stage of assembly, and involves 
wastage of a significant amount of time in reading. As it is 
an assembly-intensive process, the bar code on each part 
is read prior to its removal from the conveyor belt. The bar 
code on the part is read again prior to assembly, and the 
same is repeated in the next destination, thereby 
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necessitating multiple readings that result in wastage of 
precious time.  
 
One option is to use RFID tags in place of bar codes. 
Using RFID tags incorporates an antenna system that 
provides for automatic reading of components being 
ejected from the conveyor belt, and the process is read 
once again in the assembly station, as the tag passes 
through the antenna array. The substitution of RFID for 
bar codes is of particular significance in units 
manufacturing low-margin products that require fast 
turnaround time. The high-quality design of RFID tags also 
makes them highly suitable for harsh environments, such 
as automotive paint shops, where the tags can be read 
even when immersed in paint, which would be impossible 
with bar codes. 
 
2.3.2 Infrared 

In similar fashion to bar codes, the capabilities of infrared 
(IR) technology are surpassed by those of RFID, mainly 
because of the limitations regarding data communication. 
IR is used for short- and medium-range communications 
and control. The majority of IR systems operate in line-of-
sight mode; this is not a requirement with RFID systems. 
 
Unlike RF wireless links, IR cannot pass through walls or 
any opaque objects – a huge disadvantage. However, 
some IR wireless schemes offer a level of security 
comparable to that of hard-wired systems. It is very 
difficult, for example, to listen in on a well-engineered, line-
of-sight, IR-laser communications link. 
 
2.3.3 Real-time locating systems 

RFID tags are read as they pass fixed points in a 
structured process, while the tags of real-time locating 
systems (RTLSs) are read automatically and continually, 
independent of the process that moves the tags. With 
RTLS, no intervention or controlled process is needed to 
determine asset location. 
 
RFID systems, with their relatively limited read ranges can 
detect the passage of assets past stationary points in a 
fixed process. For example, RFID readers might be 
installed as part of a manufacturing process, with all tags 
passing a particular point being read. For less structured 
processes, a business must rely on people to place assets 
within range of a reader or handheld readers within range 
of a tag. In either case, an RFID system does not 
necessarily report an asset’s current location; rather, it 

reports the location where the asset was last seen. For 
this reason, RFID’s tracking capabilities are typically 
deployed in conjunction with highly structured business 
processes. 
 
Therefore, the limitations of RFID make it unsuitable to 
track a whole range of assets. However, RTLS products 
are designed to address these kinds of everyday business 
challenges. 
 
 
3.0 RFID applications 

Potential applications for RFID may be identified in many 
sectors of industry, commerce and services where data is 
to be collected. The attributes of RFID are complimentary 
to other data-capture technologies and thus able to satisfy 
particular application requirements that cannot be 
adequately accommodated by alternative technologies. 
The most common areas of application for RFID include: 
 manufacturing and supply chain 
 transportation and logistics 
 security and access control 
 military 
 inventory management 

 
 
3.1 Manufacturing and supply chain 

A report by Juniper Research predicts that the majority of 
spending on RFID in western Europe will come from 
supply-chain deployments. This sector already represents 
the largest market and the report’s authors believe this 
trend will continue until at least 2009. The report claims 
that spending on RFID deployments in western Europe 
reached $185.8 million in 2004 and predicts this figure will 
reach $575 million by 2009.1

 
Some believe that supply-chain applications of RFID are 
destined to be the next killer application, based on the fact 
that RFID tags hold more data than bar codes and yield 
fewer errors. Along with improved inventory control and 
greater supply-chain efficiencies, RFID can reduce labour 
costs because items require less handling. According to 
market analysts AMR Research, the potential exists for 
labour savings of 20% in the warehouse, a 25% reduction 
in inventory in the supply chain and a 3-4% increase in 
sales.2

 
Currently, supply-chain applications are the fastest-
growing RFID segment.3 Most pilots revolve around 
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placing RFID tags on cases, pallets or reusable plastic 
containers. So far, the benefits include improved inventory 
control, reduced labour costs, greater accuracy and 
reduced shrinkage. 
 
RFID opens up the possibility of improved supply-chain 
visibility where stock-keeping units (SKUs) can be tracked 
in real-time. The technology will eliminate much of the 
human error within the supply chain, preventing the 
miskeying of information and the scanning of the wrong 
bar-code label, for example. Losses within the supply 
chain can amount to 5% of total costs.4 RFID has the 
potential to reduce this deficit from misplaced and 
misdirected products.  
 
Shrinkage is another major issue for organisations. 
Approximately 2% of total sales are lost to customer and 
employee theft. By tagging each item with a specific 
product ID, or electronic product code (EPC), losses from 
counterfeiting can be reduced. RFID can significantly 
improve security by continually providing up-to-date 
information on the whereabouts of products. 
 
Inefficiencies can also be squeezed out of the supply 
chain by reducing out-of-stocks, making product recalls 
easier, improving recycling procedures, and obtaining 
better asset utilisation. Early adopters of RFID technology 
have tended to focus on asset tracking. These include 
Marks and Spencer, the Post Office and Peugeot. 
 
Executives from more than half of all UK retail companies 
polled in a survey predicted that RFID will become an 
accepted part of the business supply chain within the next 
five years.5

 
Key to an effective supply network is integration and the 
ability for all stakeholders to access an Internet-based 
database. The processing of real-time accurate item-level 
information and the creation of a single, standards-based 
repository of product information will become critical in 
supporting a cohesive supply network of the future. 
 
In the foreseeable future, RFID technology promises to 
greatly improve an organisation's ability to track products, 
parts or shipping containers and provide an 
unprecedented view into product life cycles. Over time, the 
technology may provide companies with the ability to 
follow a product from the factory floor to the store into 
consumers' homes, and eventually to their ultimate 
disposal. 
 

3.2 Transportation and logistics 

Market-research firm IDC claims in a recent report that 
more than 23% of logistics and transportation companies 
in western Europe are planning to pilot RFID. Among other 
findings of the study, undertaken between March and April 
2005, were the following: 
 Over 66% of all respondents cited improved inventory 

management and control over inbound logistics as key 
benefits 

 Nearly 70% of respondents from companies in discrete 
manufacturing and retail or wholesale saw loss 
prevention as another important potential value 

 Roughly 80% of process manufacturers and 67% of 
logistics and transport providers cited pallet tagging as 
a primary goal 

 54% of discrete manufacturers expressed an interest in 
using RFID to track returnable assts (e.g. containers, 
trailers, pallets and reusable packing) 

 Fewer than 1% of companies that have run pilots using 
RFID technology have not followed up with 
implementation.6 

 
Transportation and operations involving mobile workforces 
are required to track assets, such as inventory, vehicles, 
and cargo, as well as workers on the move. The need for 
up-to-the-minute, reliable information for distribution and 
services is growing in tandem with the growth of the 
industry. RFID is emerging as the fastest-growing and 
best-suited technology to fulfil this need.  
 
In transportation applications, RFID transponders act as a 
high-speed, inexpensive, two-way communication channel 
between a stationary reader and one or more vehicles, in 
motion or stationary. Initial transportation applications for 
RFID technology include tracking of radioactive cargo and 
cattle. Currently, the technology is being used in a wide 
array of applications such as scale-bypass, gate-access 
and fuel authorisation systems at terminals, and electronic 
toll-collection (ETC) systems on major roads, particularly 
in the United States.  
 
RFID technology has created enhanced access control 
levels in freight and distribution facilities, including 
accurate asset tracking, location mapping and status 
updating. Moreover, the system can be programmed to set 
off warnings and alarms specified by the application, and 
are capable of being accessed from anywhere via Internet 
browsers, client servers or other terminals.  
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RFID technology is also used in fuel-pump activation and 
purchasing systems. Ongoing tests of smart fuelling 
systems may lead to commercial installation of such 
systems across the United States. In fuel pumping 
systems, a reader in a fuel-lane obtains the account 
number of the fleet and unit number of the lorry, and 
processes the query through the accounting database of 
the lorry’s headquarters, and then provides the required 
quantity of fuel. 
 
Tracking and monitoring vehicles is also performed using 
RFID equipment. For instance, as a cab driver approaches 
a trailer, it would automatically seek the identity of the 
trailer and compare it with the dispatch information, which 
would then confirm (or deny) that the correct trailer has 
been taken.  
 
Tyres are also beginning to incorporate RFID technology, 
with a new tyre-tracking standard being established on the 
basis of material handling specifications set by ANSI (the 
American National Standards Institute). Tags are placed 
inside a tyre during its manufacture.  The data stored on it 
relates each tyre to a particular vehicle. The U.S. 
Department of Transportation calls for tag data to include 
a 12-digit code identifying the manufacturing plant, 
manufacturing date, tyre size and unique attributes of the 
tyre.  
 
Incorporating RFID tags in tyres not only helps the vehicle 
owner to manage tyre costs, but also provides for other 
applications within the vehicle’s systems, such as brake-
temperature and slack-adjustment monitoring, bearing 
temperature etc. This highlights another aspect of RFID, 
known as wireless telemetry, on which further information 
can be found in another Electronics-enabled Products 
KTN Technology Watch report, Innovative Wireless 
Applications for the Design and Manufacture of 
Automotive Products. 
 
 
3.3 Security and access control 

Security is an issue of growing concern in many areas. In 
this domain, RFID sometimes finds applications in the 
monitoring of high-value goods such as drugs and 
computer chips, owing to their high cost. However, RFID is 
currently being adopted increasingly in various other 
security applications such as in-house uses, baggage 
locating and mobile commerce. With the advent of RFID in 
medical, commercial and retail segments, the market 
potential may increase in the near future. 

Amsterdam's Schipol Airport and Southwest Airlines have 
made the decision to employ tags in cargo handling. The 
use of RFID tagging to counteract cargo tampering is 
already a growing market, as the transponders can 
provide a lot of important information, such as content, 
motion and time, suiting them not only to cross-border 
security operations but also to a wide variety of 
commercial applications too. 
 
RFID tags are also being used to increase the safety of 
school children. In a four-month Japanese trial programme 
that began in December 2005 children were issued with a 
bracelet containing a 2.4-Ghz RFID tag complying with the 
802.11 Wi-Fi standard. The tags send a signal to existing 
Wi-Fi access points which function as RFID readers. 
Software determines the child’s location and an alert can 
be generated if they pass a specific Wi-Fi access point on 
the way to or from school.7

 
All US passports will contain RFID chips from October 
2006. The US administration state that this will greatly 
improve air-travel security. The passports will contain 64-
kilobyte chips allowing future integration of biometric data 
such as fingerprints or iris scans. 
 
 
3.4 Military 

In the military sector, RFID is used in satellite-based 
global positioning systems (GPS), mainly to track 
shipments and their contents. The system provides 
subsequent information regarding the route, product status 
and location of the shipment, thereby saving time and 
ensuring safety. The military is by far the most intensive 
user of wireless communication for operational purposes, 
especially on the battlefield. Armed forces, navy and air 
services are, by their nature, highly mobile and need real-
time communication to operate. In fact, many of the 
technologies that become available to the commercial 
sector are deployed in military applications first. 
 
RFID systems are used in the repair and maintenance of 
combat helicopters. The system monitors and identifies 
different parts to be disassembled and overhauled for 
maintenance. RFID is also used to track hazardous 
materials and is to identify leakage in gas-bearing 
containers. Other developments include the use of RFID 
tags to reduce causalities from friendly-fire incidents. 
Energy sent out by an aircraft’s radar is used to illuminate 
a tag, which can then send back location information in the 
reflected radar return. The next stage of development will 
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be modifying the tags so they do not respond to enemy 
radar and adding encryption and anti-tamper features.  
 
 
3.5 Inventory management 

For the majority of manufacturing organisations, a large 
percentage of time is spent in product identification and 
stocktaking. RFID could eliminate this simply by assigning 
a unique ID to each product, with the ability to distinguish 
goods singularly or even in groups. 
 
The opportunities for RFID in inventory management are 
numerous and could have substantial implications for the 
efficiencies of supply chains. These include: 
 The versatility of RFID chips means they can be 

embedded in virtually any product. 
 Information can be written to the chips at any point in 

the supply chain, and can also send data back to the 
servers at any time. 

 RFID systems provide retailers with up-to-the-minute 
information regarding all aspects of stock, resulting in 
significant time savings and more efficient stock-
handling processes. 

 Manufacturers and retailers can observe sales patterns 
in real time and make swift decisions about production, 
ordering and pricing. 

 RFID systems can deactivate radio emissions when a 
purchase is made, thereby ensuring total privacy for the 
buyer. However, the system would automatically 
stimulate an alarm on the occasion of any malfunction 
including theft and lack of payment, which eliminates 
the need for security tags 

 
RFID is emerging as a technology with applications in 
warehousing and distribution. Large cost savings on 
labour and security can be achieved. They add to the 
savings that can be made by ensuring that customers are 
not lost due to stock depletion at retail outlets. For 
example, labour needed for processing goods at 
warehouses can be altogether eliminated by automating 
the manual receiving process with the help of RFID. 
Enhanced accuracy and reduced labour costs can be 
achieved along the entire length of the supply chain. 
Receiving, picking, order fulfilment and order satisfaction 
are all amenable to RFID-based improvements. 
Additionally, RFID improves the inventory visibility 
throughout the supply chain, including the visibility of 
shipments in motion. 
 

As standards emerge and technology develops further and 
costs reduce, considerable growth in application numbers 
and new areas of application may be expected, such as: 
 electronic article surveillance for use in retail outlets 
 controlled access to vehicles, parking areas and fuel 

facilities, which could be deployed at depots 
 electronic road pricing (ERP) systems (otherwise 

known as road tolls) for high-density roads, which are 
already popular in Singapore and many Asian countries 

 automatic identification of tools in numerically controlled 
machines – to facilitate condition monitoring of tools, for 
use in managing tool usage and minimising waste due 
to excessive machine-tool wear 

 identification of product variants and process control in 
flexible manufacture systems 

 recording times of sport events (e.g. 100m sprint) 
 anti-theft systems for vehicles 
 document authentication 
 monitoring of transport environment 
 wireless commerce 
 event ticketing 

 
A number of factors influence the suitability of RFID for 
given applications. The application needs must be 
carefully determined and examined with respect to the 
attributes that RFID and other data-collection technologies 
can offer. Where RFID is identified as a contender, further 
considerations have to be made in respect of the 
electromagnetic environment of the application, standards, 
and legislation concerning use of frequencies and power 
levels. 
 
 
4.0 Market potential 

Despite the many false dawns which have so far blighted 
the impact of RFID, market analysts continue to believe 
that the market has potentially huge ramifications for 
worldwide industries. This is mainly because the 
technology is applicable to a whole multitude of sectors, 
as we have already seen, and the number of applications 
goes on growing. 
 
The authors of a report published by Global Industry 
Analysts (GIA) Inc. believe the RFID market is going to 
grow as the high costs of the tags and related technology 
slowly begin to fall and RFID spreads beyond traditional 
application niches.8 They believe that global annual 
revenue increases will be over $1bn for 2005/06, resulting 
in overall revenue figures of almost $5.5bn in 2007 and 
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4.1 Europe 

Europe is the second largest geographic market for RFID 
equipment (behind the U.S.) according to the GIA report. 
The authors believe that the market in the region is going 
to grow at over 16% CAGR (compounded annual growth 
revenue) in the period 2000–2010, taking sales from 
US$306 million to US$1,394 million. Germany is arguably 
the biggest and most advanced of the European countries 
in RFID, followed by the UK and France. The GIA report 
estimates that Germany has one of the fastest growing 
markets, predicting a of 16.9% CAGR in the period 2000-
2010. This would take sales from US$84.5 million to 
US$400 million. For the UK, the report estimates a 16.5% 
CAGR for the same period; for France, 16.2%.  
 
 
 
 
 
 
 
 
 
 

 

 
 
At the end of 2005, according to this market-research 
company’s survey, security and access control together 
constituted the largest end-use segment9 in Europe, with 
a of 39.8% share, just larger than manufacturing and 
logistics (39.5%) and considerably larger than 
transportation (18.3%) (Figure 2). The report further 

predicts that after five years, the market will have changed 
slightly, with a greater percentage of RFID applications 
being used in security and access control, and 
manufacturing and logistics, mainly at the expense of 
transportation (Figure 3). 
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Figure 1  RFID applications market – European and global
revenue forecasts  

 
 
 
 Figure 3  Forecast European RFID applications market in 2010 

 
Market-research company ABI believes the most 
significant developments that have pushed the market 
forwards are announcements of RFID adoption by the 
likes of Wal-Mart Stores in the United States, Tesco in the 
UK, and the U.S. Defense Department. ABI believe that 
having large, credible organisations publicly adopting 
RFID technology will help drive the industry forward, 
helping to substantially increase the size of the market in 
the next few years. 
  
Wal-Mart's vociferous support of RFID will also benefit the 
industry's effort to standardise its technology. The 
company has stated its support for the Electronic Product 
Code (EPC) network standard, which has been promoted 
as the foundation for a global network linking computers to 
millions of everyday objects.  
 
The EPC system was developed at the Auto-ID Center at 
the Massachusetts Institute of Technology (MIT) under 
sponsorship from leading consumer-goods manufacturers, 
logistics providers, retailers and technology vendors. 
Management and commercialisation of the system has 
now been transferred to EPCglobal. One of the goals for 
the EPC project was to develop a numbering system that 
could uniquely identify all consumer goods. This is 
discussed further in section 7.0 below. 

Figure 2  European RFID applications market in 2005 

 
 
5.0 Competitive analysis 

Several factors are driving the RFID industry forward, 
including the development of new standards and 



 

technologies. Also playing a major role are a number of 
global alliances and the emergence of new players. As the 
RFID industry grows, large companies such as Philips and 
Texas Instruments are beginning to dominate the 
production of high-volume systems. This is a view shared 
by market consultants Frost & Sullivan, who claim that 
large RFID producers are squeezing out smaller 
companies by targeting different application segments 
across several geographic regions.7 Smaller companies 
are being forced to innovate or search for different 
products, niche markets and applications that will allow 
them to compete successfully. 
 
According to ABI Research’s RFID Vendor Matrix, the 
leading RFID companies in the first quarter of 2006 
include: 
1. Texas Instruments - TI-RFid  
2. Philips Semiconductors  
3. Symbol Technologies  
4. Intermec Technologies Corp  
5. Alien Technology Corp  
6. Savi Technology  
7. Avery Dennison  
8. ADT/Tyco Fire & Security  
9. OATSystems Inc.  
10. EM Microelectronic - MARIN SA10 
 
5.1 Texas Instruments 

Texas Instruments (TI) is a supplier of RFID systems that 
operate at low and high frequencies. ABI estimates that TI 
has a 22% share of the RFID market. One of the few 
semiconductor companies that provide finished RFID tags 
as well as readers, TI established TIRIS (Texas 
Instruments Registration and Identification System) as a 
worldwide business in 1991, becoming the first multi-
national semiconductor company to develop and market 
RFID systems. TI-RFid technology is a highly 
sophisticated object-tracking and automated data-
collection solution with over 100 million tags in use. Texas 
Instruments Radio-frequency Identification Systems (TI-
RFid) has pledged its support for the EPC initiative and 
plans to add EPC-compliant UHF products to its RFID 
portfolio. This is highly significant as the company has 
long been reluctant to get involved with the EPC program, 
citing the group's focus on item-level tracking and UHF 
technology as obstacles. 
 
The main focus of the TI-RFid group is now on the 
development of new UHF RFID tags for supply-chain and 
logistics applications, which will be achieved through 

collaboration with EPCglobal. Texas Instruments see the 
entire supply chain working towards an integrated RFID 
solution. Wal-Mart's announcement that its top 100 
suppliers adopt RFID at the case and pallet level adds 
credence to this expectation. TI-RFid will manufacture and 
supply the UHF RFID tags, and they intend to work with 
more than 50 hardware and software suppliers to provide 
the market with UHF labels, readers, printers and 
scanners. TI-RFID supplied 13.56-Mhz RFID inlays 
embedded in tickets for the Tennis Masters Cup in 2005. 
This technology enabled organisers to curtail counter-
feiting, increasing revenues and decreasing the time taken 
for customers to enter the stadium. 
 
5.2 Philips 

Philips Electronics is one of the biggest electronics 
companies in the world, and its semiconductor unit is a 
major provider of microchips for RFID transponders. The 
company works with partners to turn the chips into 
contactless smart cards, smart labels and other RFID 
products. In addition to supplying RFID technology, Philips 
are also using their technology for their supply chain to 
track boxes of microprocessors from its manufacturing and 
packaging facility in Kaoshiung, Taiwan and are consider-
ing their technology for the other manufacturing facilities 
and centres within the company’s own supply chain. 
 
Philips have worked together with a range of leading RFID 
specialists. They worked, for example, with US RFID 
payment specialist Vivotech to develop, test and promote 
contactless payment applications. This will allow US 
consumers to make cashless purchases from handsets 
enabled with near-field communication (NFC) RFID 
technology. Philips’s current focus is on EPC Gen 2 
products and they have worked with Symbol, Texas 
Instruments and HP within the last year to ensure that 
their technology conforms to the EPCglobal certification, 
obtaining approval in November 2005. Philips’s most 
recent development comes from the research arm of 
Philips Electronics – Philips Research. In February 2005 
they successfully created a plastic RFID tag. This high-
frequency (13.56-Mhz) RFID tag uses a polymer-based 
chip instead of a silicon chip. 
 
5.3 Symbol 

Symbol marked their entry into the RFID market through 
the purchase of RFID manufacturer Matrics in 2004. The 
company is now a leading vendor of RFID systems and 
solutions based on EPC technology. Symbol has a legacy 
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leadership in Auto-ID and is integrating RFID with 
enterprise-class products and solutions. Its product range 
includes edge-intelligent RFID, multi-protocol, fixed and 
handheld readers. Symbol also offers a range of RFID tag 
solutions for a variety of applications. In a recent 
development, in January 2006, Symbol demonstrated a 
prototype Gen 2 interrogator that could be mounted on a 
forklift truck. Companies are keen to purchase 
interrogators that can be fitted to forklifts as interrogators 
installed on five to ten forklifts can be as effective as fixed 
readers at 30 or 40 dock doors. The prototype is awaiting 
certification by the Federal Communications Commission 
(FCC). 
 
5.4 Intermec 

Intermec is a leader in global supply-chain solutions and in 
the development, manufacture and integration of wired 
and wireless automated data-collection systems, Intellitag 
RFID, mobile computing systems, bar-code printers and 
label media. 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. Intermec, like 
Symbol, have also developed Gen 2 readers for forklifts, 
working with Cascade to incorporate the technology into 
Cascade’s lift-truck infrastructure. 
 
5.5 Alien Technology 

Another company involved in developing new technology 
is Alien Technology, which developed a next-generation 
manufacturing technique called Fluidic Self Assembly 
(FSA). This nanotechnology development enables efficient 
placement of very large numbers of small components 
across a surface in a single operation. This allows for the 
high-volume manufacture of RFID tags. One of their main 
aims was to produce tags costing 20–25 US cents. They 
have announced that they have achieved this ambition – a 
major breakthrough in the RFID field (see section 8.6). 
 
Alien’s innovation in the RFID field was instrumental in 
receiving $38 million in new funding, bringing its total 
venture funding to $125 million. The company plans to use 
the money to expand its product line and its production 
capacity. The company has recently opened an RFID-
solutions centre in Ohio. Alien’s centre is supported by 
numerous technology partners and government agencies. 
It has five academic institutions and houses a 23,000-
square-foot centre acting as a simulated warehouse, 

distribution centre and store environments, as well as 
classrooms to be used by universities and for Alien’s 
educational program. 
 
5.6 Savi Technology 

Founded in 1989, Savi Technology are acknowledged as 
a primary provider of RFID technology to the US 
Department of Defense, which employs RFID, bar-code, 
cellular and satellite-communications systems to track 
more than 35,000 conveyances daily across a global 
network of 1400 locations across 45 countries. Towards 
the end of 2005, Savi announced the general availability of 
the Savi SmartChain® Consignment Management 
Solution (CMS), which enables military logisticians to 
manage consignments in real-time as they pass through 
their own RFID networks or through the interoperable 
RFID networks of allied military forces. The US Depart-
ment of Defense, UK Ministry of Defence, Australian 
Defence Forces and the Denmark Ministry of Defence all 
use Savi's CMS platform. Savi have also expanded their 
expertise to commercial applications. This includes active 
RFID technology for the supply-chain industry, including a 
range of readers, tags and signposts that have been 
implemented in harsh environments, including the Arctic, 
deserts and maritime environments. 
 
5.7 Avery Dennison 

Label maker Avery Dennison’s RFID division performs 
antenna manufacturing and inlay assembly for RFID 
labels. Conversion of the labels for use with RFID printers 
is being handled by both Avery Dennison and third-party 
partners. Avery are involved in the design, test and 
production of RFID tags with a growing portfolio of EPC 
Gen 2 products. In 2005 the company invested a 
significant amount in technology aimed at increasing the 
availability and accuracy of RFID labels. Other 
developments include the improvement of manufacturing 
processes to increase the throughput to at least 10 times 
that of the current “flip chip” technology for the upcoming 
EPC Gen 2 market. The company are targeting the carton 
market, which is presently being driven by Wal-Mart and 
Department of Defense initiatives. Pharmaceuticals are 
another priority market. 
 
5.8 ADT/Tyco International 

In May 2003, Tyco Fire & Security announced it had 
formed a team of companies specialising in RFID 
technologies to provide turnkey RFID integration services 
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and solutions for the retail supply chain. Called 
epcSTARS, the team will initially include ADT Security 
Services Inc. and Sensormatic, as well as Rafsec Oy, 
ThingMagic LLC and GlobeRanger Corporation. By 
combining each company's product and service 
specialties, the team can provide end-to-end RFID 
solutions to help manufacturers meet 2005 implementation 
goals set by Wal-Mart via the EPC network standard. 
EpcSTARS is a non exclusive group. The alliance is open 
to adding other world-class companies that can further 
enhance the value of the group's turnkey RFID solutions. 
The initial goal of epcSTARS is to provide a seamless, full 
RFID solution that will add value for end users, have the 
ability to adapt to advancements in the technology, while 
providing the highest performance at the lowest cost. 
 
Tyco plans to leverage its experience in selling and 
deploying electronic-article-surveillance (EAS) systems. 
The company says its Sensormatic EAS systems are the 
most widely used in the world, with more than 600,000 
systems in place and around 4 billion tags sold each year. 
Some analysts believe that RFID technology could 
eventually replace EAS for theft protection, but Tyco is 
confident that RFID complements existing EAS systems. It 
has even developed tags that combine both technologies, 
and it plans to target its EAS customers first. 
 
In 2005 ADT announced the signing of a contract with 
Tesco, in which ADT is the exclusive supplier of 
electronic-product-code RFID readers and antennae. 
ADTI’s European RFID Performance Lab based in Echt in 
the Netherlands is only the second facility in Europe and 
the fifth worldwide to gain EPCglobal accreditation. This is 
a significant step forward for the RFID industry in Europe. 
 
5.9 OATSystems Inc. 

OatSystems, founded in 2001, is a developer of standards 
-based RFID solutions. The company has an active 
position in the development of RFID standards and 
technologies and the release of their flagship platform, 
Senseware is designed to facilitate RFID for leading global 
retail, consumer packaged goods and pharmaceutical 
companies. Their technology is being used to power 
Tesco’s RFID infrastructure across its network of more 
than 2,000 sites. OatSystems software suite is being used 
as an RFID software platform in a pilot programme for 
biopharmaceutical company Cephalon to track branded 
pharmaceuticals across the supply chain. 
 

5.10 EM Microelectronic - MARIN SA 

EM Microelectronic is a semiconductor manufacturer that 
has developed RFID chips featuring read/write, anti-
collision, 125-kHz, 13.56-MHz, UHF and 2.45-GHz 
operation for applications in security and access control, 
animal ID, logistics and automobile immobilisation. In 
2005, EM Microelectronic, Skidata and EC-Passage co-
developed a RFID transponder chip that greatly facilitates 
the handling and identification of rented skis or 
snowboards at ski resorts. 
 
5.11 UK-based companies 

One of the biggest RFID companies in the UK is Identec, 
which specialises in designing, developing, and marketing 
RFID systems based on the company's own intellectual 
property. The company's RFID systems find application in 
identification and on-the-move tracking of personnel, 
articles, animals and vehicles. Additionally, these are used 
extensively in sporting events for recording time, 
emergency evacuation analysis, and team-data analysis 
and inventory control. The company invests heavily in 
R&D of the core RFID technology, building upon its 
intellectual property. Identec also pioneered the 
technology of simultaneous identification of a vast number 
of tags and transponders coexisting in the reader arena 
using unique radio-frequency waves. Identec’s knowledge 
and expertise in the provision of intelligent asset-
management solutions has won them lucrative contracts 
with many of the world’s biggest organisations including 
Deutsche Post, Volkswagen, Accenture, GE and BAT. 
 
Other important companies in the UK are: 
 Burall Infosys Ltd - www.burall-infosys.com, which 

manufactures a wide array of contactless smart cards and 
readers. 
 IB Technology - www.ibtechnology.co.uk, which 

specialises in RFID tags, readers, and other system 
components. 
 CopyTag – www.copytag.com, which supplies 

integrated RFID systems targeting such applications as 
asset and vehicle tracking, access control and laundry 
tracking. 
 Robotag – www.robotag.com, which manufactures 

RFID systems targeted for applications in overseeing 
inspections, maintenance works, asset registers, and 
mobile equipment tracking. 
 Trovan – www.trovan.com, which manufactures readers 

and tags targeting varied business applications, including 
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access control, livestock tracking and hazardous-waste 
control. 
 Wearnes Cambion Ltd – www.cambion.co.uk, which 

designs and manufactures connectors, hardware, and 
inductive products for varied industries ranging from 
military to commercial. 
 Intellident Ltd – www.intellident.co.uk, which designs, 

builds and delivers advanced wireless tracking solutions 
based on innovative RFID and bar-code technologies.  
 
 
6.0 Market restraints 

It is widely anticipated that RFID tracking tags will become 
ubiquitous in consumer goods, but a number of key issues 
need to be addressed which have so far hindered 
progress in this direction. 
 
 
6.1 High costs 

Despite the plethora of advantages, high cost is regarded 
as the biggest obstacle for industry-wide adoption of RFID 
technology. It is therefore, arguably, the single most 
critical factor for current market penetration. Although 
RFID finds many applications, the technology needs to 
surpass barriers such as cost of bar-coding standards, 
visible return on investment, and industry recognition. Bar 
coding is regarded as an economical global inventory 
management method and still remains RFID’s biggest 
competitor.  
 
One of the main reasons for the high cost is that the 
construction of a RFID system is a highly complex 
procedure, calling for precision-controlled integrated-circuit 
and antenna design and manufacturing-process 
engineering. This excludes the tag cost, which ranges 
between 20 and 40 US cents depending on their features 
and packaging. These prices are, however, expected to 
fall as low as 5 US cents in the foreseeable future thanks 
to technology improvement, mass production and 
increased application. Over the last five years, the cost of 
RFID has fallen by a quarter, and at the same time 
reliability and accuracy have improved two fold. 
Technology is set to improve further in the coming years, 
marking a dramatic technology leap in information transfer 
over the last two decades. 
 
At the second annual RFID ROI Forum, which took place 
in London in January 2004, Unilever said that RFID tags 
will need to drop below 3p before it could afford to use 

them on lower-cost product lines.11 They also claimed 
that, in their opinion, Item-level tagging in their industry 
could be as far as five to seven years away. Unilever feel 
that greater sharing of costs and information is needed for 
all players to profit from RFID, because the high price of 
the chips is preventing retailers and manufacturers from 
using tags on individual goods. They remain convinced 
that as chip prices fall, tagging will become increasingly 
profitable for manufacturers and could be used in the 
households of the future so that products could 
communicate with intelligent kitchens and fridges to inform 
consumers when stocks are running low. 
 
Confectionery manufacturer Nestlé Rowntree also stated 
that it would not use item-level tagging until tag prices 
dropped. Nestlé suggest that greater stock awareness 
through item-level tagging can boost sales for 
manufacturers by increasing on-shelf product availability 
and in-store cross-promotional activity. However, item-
level tagging will struggle to develop as long as privacy 
issues abound in the industry (see section 6.2). Although 
the current focus is on development of a 5-cent tag, many 
factors will affect success in this field, factors such as 
authentication, memory power, archive attributes and 
whether size limits information. 
 
 
6.2 Privacy 

As with any new technology that is likely to monitor 
shoppers’ behaviour patterns, consumer groups and the 
media have called for safeguards relating to information 
collected and analysed by RFID systems. Although the 
main vendors and key industry drivers of RFID (such as 
AIM Global – a global trade association for automatic 
identification and data capture) have always denied that 
the technology will be used for such purposes, their 
reputation suffered a severe blow in November 2003 when 
it was reported that Wal-Mart Stores and Procter & 
Gamble had engineered a secret RFID experiment at a 
Wal-Mart store in Okla in the United States. Shoppers had 
unwittingly been participants in a test to track sales of Max 
Factor Lipfinity lipstick via RFID technology, whilst 
executives at a Procter & Gamble facility 750 miles away 
spied on them via a hidden webcam.12 Procter & Gamble 
argued that the goal of the test was merely to determine 
whether RFID technology could help retailers keep 
products on the shelf and in the right place. But the 
incident confirmed what the lobbyists and consumer 
groups had feared all along – RFID would be used to drive 
up efficiency in the supply chain and also impose on 
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people’s privacy. It seems logical that the information the 
tags collect will be used by marketers to obtain information 
on a host of consumer preferences, ranging from the 
clothes they like to the food they prefer.  
 
However, developments are being made to deal with 
potential privacy problems. These include simple methods, 
such as requiring that tags be hung visibly from items so 
that they can be easily removed, along with more complex 
techniques that involve implementation of special on-
board logic. One such is the use of a kill command in the 
RF reader, which would essentially disable the RFID tag 
after it had been scanned. That way, a tag would no 
longer be capable of transmitting data to readers after 
leaving the store. Philips is one company that has 
responded to privacy concerns with chips designed to 
include a kill command.13

 
Other technical solutions include the creation of 
cryptographically unlinkable pseudonyms that mask the 
information on the tag; use of blocker tags, which simulate 
billions of possible serial numbers to unauthorised 
readers; evolution of RF protocols that leak as little 
information as possible; and use of so-called privacy IDs 
that users could place into a rewritable memory. These 
solutions will help to alleviate privacy fears, but solving the 
problem requires open dialogue between the RFID 
vendors and consumers. This way, consumers can learn 
of the potential benefits of RFID, while vendors can learn 
about the public’s fears. With luck, a compromise can be 
reached instead of consumers currently feeling that 
retailers and RFID suppliers are pushing the technology 
through as fast as possible with little regard for their 
concerns. 
 
 
6.3 Lack of established standards 

The lack of standards governing the use of RFID is also a 
problem and has been identified as one of the chief 
impediments to more widespread adoption of the 
technology. Naturally, companies do not want to invest in 
a system if their tags cannot be read by logistics 
companies, retailers and other businesses which might be 
involved in their supply chain. And many end-users are 
hesitant to invest in RFID technology since the systems 
could change or become obsolete. Geoffrey O'Neil, 
director of strategic projects for Woolworths UK, which is 
carrying out a large-scale RFID trial, has said there needs 
to be an international collaboration on RFID standards for 
the technology to be a real success. ‘We need cooperation 

on a global basis. We don't want different flavors of RFID 
developing in clusters around the world.’14 Many 
companies are waiting to see how early adopters like Wal-
Mart and its suppliers fare. And this is the problem the 
industry finds itself in, summed up by Jack Sparn, CIO of 
CHEP International in the United States. ‘The problem is 
the entire supply chain hasn't bought into it yet. If you're 
the first person with a mobile phone, it's useless. But as 
soon as everyone has one, it becomes valuable.’15 Further 
comment on the progress being made in developing global 
standards is given in section 7.0. 
 
 
6.4 Unfamiliarity with certain users 

As discussed earlier, RFID finds potential applications in 
many sectors, including clothing, waste-collection data 
gathering, bus-terminal management and library-book 
borrowing. However, although consumers use these 
products, they are still unfamiliar with the technology and 
are yet to understand how it functions. Research suggests 
even key people engaged in decision making with respect 
to the monitoring of goods find the technology unfamiliar, 
which is a problem several RFID vendors feel needs to be 
addressed. One such vendor has taken a proactive 
approach to this problem. To educate people more about 
RFID systems, Texas Instruments has launched a website 
containing relevant information related to all different 
elements of this technology. The ‘e-store’ offers features 
such as online sales of evaluation kits, comprising of a 
starter guide, antenna, RFID tags and a reader.  
 
 
7.0 Standards development 

Early indications show that companies do not appear to be 
waiting for standards to stabilise before investing in the 
technology. However, industry observers are convinced 
that RFID will not make its way into mainstream supply 
chains until the industry adopts global standards. To put it 
simply, standards are the key to the proliferation of RFID 
technology. The lack of technological uniformity and 
standards for RFID implementations that span enterprises 
is deterring widespread implementation because it keeps 
costs high. When standards are established, prices drop 
dramatically because the competition can all produce the 
same chip, reader or software. 
 
According to AMR Research, eventual standards will 
affect such issues as:  
 global RFID frequencies  
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 interoperability  
 use of active or passive tags  
 data formats, syntax, structures and encoding  
 identification and presentation of data concerning 

freight containers  
 identification of vehicles and communication between 

vehicles  
 methods by which readers communicate with tags 

 
The Auto-ID Lab was setup in 1999 with the goal of 
establishing a 5-cent RFID tag and are the creators of the 
Electronic Program Code (EPC). The company transferred 
its technology in 2003 to EPCglobal, a subsidiary of 
UCC/EAN (see http://www.epcglobalinc.org). EPCglobal 
are presently responsible for the administration and 
development of EPC standards.  
 
EPCglobal is creating the standards and designing, testing 
and deploying a global infrastructure that, they hope, will 
make it possible for computers to rapidly identify any 
tagged object anywhere in the world. The EPC standard is 
being driven by large users including Wal-Mart, the US 
Department of Defense, Target, Albertson and Tesco. 
EPC was developed for carton and pallet tracking in the 
supply chain and is applicable to both air interface 
protocols and data structure.  
 
Different code sizes are a more serious problem for 
European manufacturers and is a major inhibitive factor. 
According to market research firm, Venture Development 
Corporation:  

For U.S. companies to export products to Europe, it's 
not as big an issue because all they have to do is put a 
'0' at the front end of the code. But for European 
manufacturers to comply with U.P.C., they have to 
manage two sets of codes for each product. It's 
complex and the cost is prohibitive for small 
manufacturers to export to the U.S. 

 
The EPC is structured to provide a migration path from the 
12-digit U.P.C. and 13-digit EAN bar-code systems, or 
GTIN (Global Trade Item Number), an umbrella term for 
the entire family of EAN/UCC data structures for trade-
item identification. The changeover to a 14-digit GTIN 
structure was in January 2005. It required every company 
in the United States to expand their databases to 
accommodate GTIN structure and required extensive 
system retooling. 
 
The operating frequencies of interest to the EPCglobal 
community are the high frequency (HF), 13.56-MHz, and 

the ultra-high frequency (UHF), 865–956-MHz range. 
RFID technology within the UHF range receives a lot of 
attention as it is seen as a good compromise between 
multiple-tag handling, cost, reading speed and distance.  
 
Another standard specifically designed for the supply 
chain is ISO 18000-6. The ISO 18000-6 is the result of 
close collaboration between RFID manufacturers and the 
GTAG technical specification. ISO 18000-6 is not 
compatible with the EPC standard as 18000-6 does not 
specify data content or structure, as the EPC standard 
does; rather it concentrates solely on the use of the air 
interface protocol.  
  
The current focus of EPCglobal is UHF Generation 2 (UHF 
Gen2). Prior to this, different classes utilised for EPC were 
not interoperable. UHF Gen2 brings the class standards 
together for an international, interoperable EPC standard. 
ISO are seeking to incorporate the Gen 2 standard into 
ISO 18000 as ISO 18000 Part C. Work on this document 
is expected to be complete by the middle of 2006. 
 
 
7.1 Impact in the UK 

In the UK, an organisation known as GS1 UK 
(http://www.gs1uk.org), promotes effective use of GS1 
standards in UK supply chains. The GS1 system is a 
common language of electronic identification and 
communication that can be used by any organisation 
regardless of size, industry or location. GS1 UK is 
facilitating the use of RFID in the supply chain and has 
been tasked with bringing the EPCglobal Network to 
market so that it may be implemented successfully in a 
commercial environment. They are also involved in the 
work of the British Standards Institute, providing significant 
input into the BSI DISC technical committee IST/34, which 
shadows the work ISO is doing on RFID for item 
management. 
 
As the UK authority for the worldwide GS1 system, GS1 
UK issues its members with sets of globally unique 
numbers which form the basis of this identification and 
communication system. These unique numbers have no 
meaning, but they act as a link to information held on 
databases about each product line, company, location, 
shipping unit or asset that is being identified. The way 
organisations use these numbers is standardised 
internationally, which means that standard electronic 
business documents can be exchanged simply, accurately 
and quickly in all global supply chains. 
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For the time being, standards and frequencies will be 
decided by EPCglobal Inc. These are then ratified by 
regulators in each European country, a responsibility 
which in the UK falls to Ofcom. Ofcom announced in 
November 2005 that the use of RFID operating in the 
865–868-MHz range will be exempt from licensing. This 
allows equipment to be used without a licence under the 
Wireless Telegraphy Act 1949, subject only to regulations 
intended to minimise potential interference. 
 
 
8.0 Case studies 

Although RFID has many barriers to overcome before it 
can be universally adopted, RFID has been embraced by 
three well-known companies – Wal-Mart, IBM, and Coca-
Cola – whose support for the technology has encouraged 
other organisations to follow suit. 
 
 
8.1 Wal-Mart 

In late 2003, Wal-Mart, the largest retail company in the 
world, delivered a demand to its 100 largest suppliers that 
all cartons and pallets shipped to Wal-Mart stores be 
equipped with wireless RFID sensors by 1 January 2005. 
Estimates at the time stated this could cost companies 
between £25,000 and £200,000 to implement16 and that 
affected suppliers would have to develop infrastructure 
and applications for tracking shipments that go beyond the 
current bar-code technology. Other suppliers are unlikely 
to be spared further similar demands from Wal-Mart. 
 
Wal-Mart released the results of how RFID had affected 
their business in October 2005. The researchers found: 
 Use of RFID reduced out-of-stocks by 16%. 
 Out-of-stock items in RFID stores were replaced three 

times faster than those in bar-code stores. 
 Fewer over-orders were put in by staff, with manual 

orders dropping by 10%. 
The company is using Gen 2 tags and has plans to stop 
accepting tags by the middle of 2006. Wal-Mart state that 
one of the key benefits in the movement to Gen2 is that 
the tags will break the 10-cents-per-tag barrier. 
 
 
8.2 Coca-Cola 

As a sponsor of the 2002 Olympic Games in Salt Lake 
City, Coca-Cola provided free refreshments to athletes 
using key ring tags in the shape of Coke bottles and Coca-

Cola vending machines equipped with RFID readers. The 
same basic principle can now be applied to every can of 
Coca-Cola. Tracking a can from manufacture through 
shipping and distribution to the vending machine, Coca-
Cola will achieve a high level of inventory management 
and control. Vendors will be able to point a reader at a 
vending machine and tell immediately what stock needs to 
be replenished without having to open the machine and 
take a manual count. 
 
In February 2006, Coca-Cola announced that Coca-Cola 
Japan plan to upgrade 20% of their one million vending 
machines with RFID readers across the nation by 2008. 
The upgrade will allow consumers to purchase Coca-Cola 
using RFID-chipped wallet phones (and other kinds of 
digital wallets). Another key benefit will be the networking 
capability to gather data from vending machines for 
inventory management. 
 
 
8.3 IBM 

Concentrating on applications within the supply chain, IBM 
has put considerable resources towards establishing RFID 
system standards of use. As part of the company's overall 
plan for wireless technologies, IBM envisions RFID 
technologies helping with the logistical requirements of the 
supply chain by replacing the bar-code system currently in 
place. IBM’s support for RFID is emphasised on their 
website: 

IBM believes that the most significant supply-chain 
benefits resulting from the utilization of RFID 
technologies will only be enabled [and] realized by 
shared implementations across organizational 
boundaries. We are rapidly moving from an enabling 
technology - RFID - to enabling a vision of an 
intelligent supply chain, focused on operational 
efficiency and responsive to the needs of customers 
and trading partners.

IBM announced in March 2005 a new asset-tracking 
service which can track important resources such as 
operational assets, valuable capital assets, and personnel 
in large scale facilities such as chemical or energy plants, 
healthcare facilities and manufacturing environments. 
 
 
8.4 UK examples 

Many companies in the UK are also capturing data with 
RFID and some are already seeing benefits. A case in 
point is Scottish Courage Brewing, who decided to look to 
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RFID to stem losses from unreturned beer kegs. The 
company, which owns 45% of the UK draft-beer market, 
now uses RF tags to track the kegs. They estimate it has 
cost £7.7 million to tag two million kegs in 15 keg lines, 
seven breweries and 736 vehicles. However, Scottish 
Courage has enjoyed significant reductions in keg losses 
and a more efficient delivery process since their RFID 
programme went live about four years ago. The brewery 
has also improved cycle times by four days, making 
savings of some £800,000 per day. 
 
Tesco, the UK’s largest retailer, has been the country’s 
strongest advocate of RFID technology. It was among the 
first retailers to develop smart shelf technology designed 
by Gillette, and it piloted an innovative low-cost antenna 
system developed by MeadWestvaco's Intelligent Systems 
division to track CDs in one of its stores. Tesco have used 
RFID to monitor stocks of DVDs in some stores. DVDs 
were selected because they tend to put few on display, 
due to their value and therefore lose sales if they are not 
restocked quickly. Tesco reported a 4% increase in sales 
as a result of using RFID to monitor stock control. 
 
In April 2004 the company attached RFID tags to cases of 
non-food items at its distribution centres and tracked them 
through to their stores. The trials were successful and the 
company signed a contract with ADT in 2005 to purchase 
more than 4,000 readers and 16,000 antennas for dock 
doors and merchandise-receipt points at 1,300 Tesco 
stores and 35 distribution centres across the UK. Unlike 
Wal-Mart, Tesco has not imposed a date by which all 
suppliers must tag their cases. The company has a 
strategy of educating and working closely with suppliers to 
explore the benefits of RFID, realising that some suppliers 
will take longer to commit to RFID than others. They hope 
that by 2007 all their suppliers will be RFID-compliant.17

 
Marks & Spencer has announced they will be running 
more extensive trials of RFID tags following the success of 
an initial pilot with items of clothing at its High Wycombe 
store near London. In a trial partly funded by the 
Department of Trade and Industry, M&S used RFID tags 
on a selection of men's suits, shirts and ties at the store in 
2003. The company then began looking at a bigger pilot 
involving several stores as part of establishing the 
business case for RFID across its product range. M&S 
said RFID tags can be used to further its goal of 1005  
stock accuracy by ensuring the right goods are delivered 
to the right store at the right time. 
 

The company has already rolled out several million tags in 
a system that tracks reusable trays of frozen food. That 
system, which uses tags from Texas Instruments RFid, 
has reduced data collection time by 83% at their 
distribution centre, which has led to a 15% growth in 
distributed volume per year. More than 100 suppliers are 
working with M&S on this program. Success from previous 
trials has resulted in M&S expanding the RFID trial to 53 
stores starting in the spring of 2006. Additionally M&S are 
asking their suppliers to add RFID tags to their products 
before shipping them to the retailer. 
 
United Biscuits produces biscuits, cakes and prepared 
foods at their Ashby plant in the UK. This is a rigorous 
environment for any automatic ID technology because it is 
full of moisture, metal and variable temperatures. RFID is 
working successfully to control raw-materials movement, 
and the weighing, mixing and baking processes. United 
Biscuits has mounted a tag on each bin, which provides a 
unique assigned number. The tags are read at the 
beginning of processes to ensure that no errors occur. 
Overhead displays signal to operators when everything is 
functioning correctly or when a problem comes up.  
 
Mobile phone company Orange decided to invest in a real-
time supply-chain solution to keep track of their millions of 
pounds worth of assets, located around various parts of 
the UK, which help run one of the UK’s most advanced 
digital mobile networks. Asset tracking is critical in the 
telecommunications industry, where the hardware is 
valuable and the ownership of some of the assets may lie 
with outside investors. These external investors need to 
know where their property is for their own internal audits, 
so it is important they know its exact location.  
 
The accurate tracking of assets through the total lifecycle 
is a necessity for Orange. The company therefore 
implemented a system whereby fixed assets are tracked 
through the supply chain from delivery to a central store 
through to installation on-site, and in the opposite 
direction, back through to refurbishment and 
redeployment. Since the RTLS system was inaugurated, it 
has changed the way Orange works with its sub-
contractors and has helped deliver its goal of near real-
time tracking of assets. The company has also improved 
its operational effectiveness and the relationships it has 
with subcontractors such as EVE Transmission Group, 
Bailey Telecommunication, Nokia, RT Masts and 
Greenwood Communications. 
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London's Heathrow Airport announced in January 2004 
that it is deploying RFID tags in taxi fleets to monitor and 
manage demand on behalf of passengers who have just 
flown in to Heathrow. The chips in the taxis will identify the 
car and the driver and transmit the information to handheld 
devices used by the taxi management agents at the feeder 
park and in terminal ranks at the airport. BAA claimed this 
allows an easier response to unplanned factors affecting 
the dispatch of taxis, such as road works, and the system 
will ensure the optimum number of taxis on the ranks at 
each of Heathrow's terminals. For this deployment, BAA 
Heathrow Airport received the RFID implementation award 
for 2005 breakthroughs by AMR research. 
 
 
8.5 Unsuccessful RFID implementations 

It must be stressed that RFID is by no means a holy grail 
for companies looking for a quick fix to solve supply chain 
inefficiencies. There is a growing list of companies who 
have suffered significant financial losses, but – perhaps 
more damaging – adverse publicity, as a result of poorly 
implemented RFID strategies. As discussed earlier, Wal-
Mart made a huge error of judgement when they 
conducted an experiment to monitor sales patterns of 
cosmetics, but they are not the only ones to suffer.  
 
In April 2003, clothing manufacturer and retailer Benetton 
Group decided to re-evaluate a plan to deploy RFID tags 
in its clothing, following threats of boycotts from consumer 
and privacy advocacy groups. Their concerns were that 
tags in apparel could be used to track the movements of 
buyers in and out of stores. 
 
Tesco are continuing with their trials of RFID chips on 
products, despite enduring sustained and fierce protests 
from privacy campaigners. When a trial of RFID tags on 
Gillette Mach 3 razors in a Tesco store in Cambridge was 
discontinued late in 2003, privacy campaigners claimed a 
victory saying that they had persuaded the company to 
withdraw from the tests. However, Tesco insists that the 
trial, involving RFID tags and a camera to photograph 
each purchaser, came to a natural end. Tesco remain 
convinced RFID will eventually be accepted by consumers 
when the company is able to cut operating costs and pass 
on the resulting savings to their customers. 
 
These examples should serve as a warning to 
organisations that RFID implementation without consult-
ation with the public is futile. Lobbying and privacy groups 
have such power and influence nowadays, that it could 

turn into a public-relations disaster. There can probably be 
no better example than Consumers Against Supermarket 
Privacy Invasion and Numbering (CASPIAN). They have 
current protests in operation against Gillette and Benetton, 
urging consumers to boycott purchasing their products, 
resulting in lost revenue and a negative public image. 
Countering this may cost these companies dear. 
 
 
8.6 Future developments 

Improvements in RFID technology can be found all over 
the world, raising the technology’s capabilities and, in turn, 
creating new possibilities for implementation in further 
applications. Some of the most recent developments are 
briefly summarised below. In each case, a hyperlink points 
to further a source of further details. 
 
Stewart & Stevenson Services are developing RFID-
enabled cargo trucks for the U.S. Army called Maneuver 
Sustainment Vehicles (MSVs). The Army awarded the 
company a contract to design the next-generation trucks. 
Each MSV has a 13-ton payload. If the U.S. Department of 
Defense approves them, the U.S. Army will use the MSVs 
to transport consignments in a theatre of operations. (See 
http://www.rfidjournal.com/article/articleview/2039/1/1/.) 
 
Texas Instruments and packaging manufacturer Smurfit-
Stone have devised a prototype cardboard case with an 
integrated RFID tag for consumer packaged goods. In the 
future, the companies predict that using packaging 
materials with an integrated RFID tag such as the 
TI/Smurfit-Stone prototype could save consumer-
packaged-goods (CPG) companies labour and materials 
costs since doing so would eliminate the need to purchase 
separate RFID labels and place them on the cases. (See  
http://www1.rfidjournal.com/article/view/2176.) 
 
Alien Technology Corporation announced in February 
2006 the launch of a RFID solution with HP for retail, 
consumer packaged goods, automotive and aerospace, 
transportation, defence and pharmaceutical customers. 
The offering is designed to help manage inventory with 
greater efficiency and supply-chain visibility. The new 
Gen2 EPCglobal-compliant Alien ALR-9800 Enterprise 
Reader and Alien tag products will be implemented by HP 
Services worldwide. (See http://www.alientechnology.com/ 
newsevents/2006/press_0228 6.php.) 
 
The Ministry of Defence (MoD) is to trial enhanced RFID 
tags that can be read from distances of more than 100 feet 
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later this year in an attempt to improve the tracking of 
military supplies. The active tags would allow the MoD to 
keep track of large batches of kit and equipment more 
easily. The US Department of Defense has already spent 
around $100m over the last 10 years using active RFID 
tags to keep track of large batches of supplies sent to 
overseas operations on cargo ships.  (See http://www. 
silicon.com/publicsector/0,3800010403,39156844,00.htm
 
Precision Dynamics – a leading manufacturer of health-
care and identification-management products such as 
RFID wristband systems – and Convergent Ventures – a 
venture-capital firm in Los Angeles – have formed a new 
company, ORFID, to develop polymer-based RFID chips. 
ORFID’s polymer-based chips will not only be cheaper 
than traditional RFID chips available on the market today, 
but will also offer greater physical flexibility, printability and 
ease of design modification. (See http://www. 
rfidjournal.com/article/articleview/851/1/1.) 
 
Blood-bank supplies at Saarbruecken Clinic will in future 
be equipped with RFID chips to prevent any confusion or 
mix ups in regard to blood transfusion and blood 
treatments. In a joint effort, Siemens, Intel, Fujitsu and 
IMP Computersysteme will continue with the research at 
Saarbruecken Clinic. In the first phase, almost a thousand 
bags of bloods are being labelled. The solution ensures 
the correct blood is given to each patient. Siemens is the 
principal contractor for the project. (See http://www. 
rfidjournal.com/article/articleview/2169/1/1/.) 
 
Several electronics manufacturers and research institutes 
in Europe have joined forces in a EU-funded project aimed 
at developing low-cost, polymer-based electronic circuits. 
The project, called PolyApply, will focus on developing 
plastic chips for RFID applications. The European 
Commission will provide €12m to a group of 20 chip 
makers and research organisations to initiate the 
development project, expected to run to the end of 2007. 
(See http://www.computerweekly.com/articles/article.asp 
?liArticleID=129525&liArticleTypeID=1&liCategoryID=6&li
ChannelID=9&liFlavourID=1&sSearch=&nPage=1.) 
 
Tapemark, a manufacturer of packaging and packaging 
materials, claims it will use a new technology known as 
‘Chipless ID’ to embed RFID transponders into packaging, 
paper or film. Invisible to the eye, each transponder emits 
a unique signal that cannot be forged, making the 
technology particularly suitable for authentication, anti-
counterfeiting and security applications. (See http://www. 
rfidjournal.com/article/articleview/845/1/1.) 

Researchers at Japan’s National Institute of Advanced 
Industrial Science and Technology (AIST) have developed 
a method which can drastically reduce the electrical 
resistance of antennas and interconnections in RFID tags 
formed by screen printing. The method also avoids the 
need for high temperature baking. (See http://www.aist.go. 
jp/aist_e/latest_research/2005/20051019/20051019.html.) 
 
 
9.0 Conclusion 

More rapid expansion of the RFID market has been limited 
by the lack of industry and application standards, the 
approaching saturation points of well-established RFID 
applications, the weakness of indirect channel support and 
the highly fragmented competitive environment. In 
response, IC and hardware vendors have been working 
diligently to resolve these issues quickly through 
revamped partner programs, expanded product lines, 
standards initiatives and new application developments. 
 
Although it is being slowed by these and other factors – 
such as price and ROI concerns – end-user demand for 
RFID systems is undoubtedly increasing. Nonetheless, the 
RFID market has become something of a waiting game – 
waiting for the emergence of international standards, 
waiting for prices to become more competitive, waiting for 
major orders (especially from large end users) and waiting 
for the market to take off as market-research companies 
have been predicting it will for the past few years.  
 
The key to future success and adoption, particularly from 
the end-user sceptics – of which there are many – lies in 
how well the RFID IC and hardware suppliers 
communicate the value proposition of RFID and further 
educate the market. This should help end users realise the 
potential of RFID in business environments instead of 
focusing on the negative connotations which many see in 
RFID. 
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