
CHAPTER 1

The Emergence of a New Key Technology

The essence of innovation is the blending of ideas with the science and
practice of engineering. Nowhere is this process more active than in the
area of identification technologies. Taking full advantage of improvements
in microcircuit design and production, computer science, the Internet, and
other mechanical technologies, the EPCglobal Network™ seeks to establish
a large-scale computer infrastructure for merging data, information, and
physical objects together. This will create a new, networked physical world
that is similar to the Internet.

The power of the EPCglobal Network involves the combination of knowl-
edge from many different fields ranging from computer science and engi-
neering to supply chain management. Within the next ten years,
practitioners and researchers alike envision the EPCglobal Network as
becoming the predominant means of object identification within business.

The Bar Code and Beyond

Considered one of the greatest innovations of the 20th century,1 the bar code
represents the first large-scale, automated effort to identify objects. For
retailers, the implementation of the bar code has led to improved pricing
accuracy, greater labor efficiency, and reduced checkout time for custom-
ers.2 In addition to these operational efficiencies, the bar code has come to
represent an icon present on the package of nearly every consumer good
marketed in the United States.

Given these early successes, manufacturers began to adopt the bar code as
a means of improving inventory accuracy and to coordinate supply chain
operations. Product level data on time and place obtained from bar code
systems greatly improved temporal and spatial utility within supply
chains.3, 4 During the 1980s, this was an important element in better man-
agement of inventory deployed at forward warehouses along with
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enhanced customer service. The decreasing cost of computing hardware
along with improved Enterprise Resource Planning (ERP) systems used to
organize and communicate data combined to accelerate the adoption of the
bar code by many firms.

Since bar codes are now a mature technology, it is natural to look forward
to the next stage in the commercial use of identification systems. The histor-
ical focus of bar codes has concentrated on identification of an object type.
For a consumer goods item, this means the brand and size of an individual
product, or the brand, size, and quantity contained in cases shipped from
manufacturers to retailers.

Product type data, obtained with the ease of a laser scanner, provides
enough information to automate checkout lines or to improve inventory
management. The Universal Product Code (UPC), established by the Uni-
form Code Council (UCC) in 1973, serves an important role in establishing
uniformity and order concerning the product type data read from bar
codes.5 As of 2005, over 1,000,000 organizations use the EAN/UPC on their
products.6 This has unlocked enormous amounts of data to retailers and
firms in other industries.7 

With an increase in the intricacy and sophistication of products, the needs
of business are moving beyond identification of product type to unique
identification of individual objects by serial number. This represents a sig-
nificant transition because unique identification introduces a much greater
degree of complexity in system management.

Yet at the same time, unique identification also offers a number of possibili-
ties that include greater visibility and real-time control of objects located
anywhere between the manufacturer and the customer. The full realization
of these capabilities will most certainly revolutionize the practice of supply
chain management.

Organizing for Unique Identification

The EPCglobal Network is a system that builds on the tradition of auto-
matic identification first established by the bar code. At the core of this sys-
tem is the Electronic Product Code (EPC™), a serial numbering system
designed to handle unique identification of trillions of objects. This num-
bering system forms a standard, uniform basis for linking physical objects
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together within a network that applies to all levels of the supply chain and
across industries.

The means of creating such a network involves the placement of low cost
Radio Frequency Identification (RFID) tags on objects such as cases, pallets,
or individual products. In addition, RFID technology provides the capabil-
ity for these tags to communicate with the Internet, secure Intranets, or
point-to-point communication between organizations, through readers sit-
uated at various points within the supply chain. In the future, this type of
network will form the base for ”pervasive computing capabilities embed-
ded in our everyday environments.” 8

Given such a computer infrastructure, it becomes possible to manufacture
smart objects that can ”sense,” ”do,” and ”understand.” Resembling tiny
robots, smart objects are things that can make decisions independently
based on external data gathered through sensing technology combined
with computer logic imbedded into the object. Examples might include
consumer products that can automatically change price based on sensing
supply and demand conditions on the retail shelf and the likelihood of
going out of stock.

The foundation for creating smart objects is unique identification that only
the EPCglobal Network can provide. In simple terms, the goal is to make
new connections between physical objects regardless of location within the
supply chain. 

Positioned to be one of the major advances of the 21st century, this ”web of
things” is a significant innovation that has the potential to affect nearly all
of commerce.

Creating a Global Standard

An important aspect of the EPCglobal Network is the development of com-
mon standards. Considered the bedrock of commerce, standards enable
interoperability and the free flow of various business transactions. Often
following technological breakthroughs, standards setting efforts have a
positive record in driving economic growth that dates to the origins of
trade in the ancient world.

During modern times, the co-development of new technologies along with
the establishment of common standards represents a complex activity
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involving many different groups that must depend on each other for
mutual success. Given expanding trade between countries, the interaction
between new technologies and standards setting bodies will play an
increasingly critical role in guiding the direction of innovation and future
economic development.

As businesses begin the process of discerning the importance of the EPC-
global Network to profits and revenue growth, it is essential to know the
fundamental aspects of the technology and to be able to abstract these
capabilities to the practical applications of the present and future. 

The Basic Elements of Unique Identification

The original designers of the EPCglobal Network had a predetermined idea
of how to use the Internet as a means of implementing unique identifica-
tion.9 Early researchers also introduced the goal of interoperability across
all levels of the supply chain.

The basic design called for three components. First, and perhaps most
important, a low cost RFID tag serves as the base of the system. To reduce
the cost of the tag, researchers focused on new methods that would turn the
manufacture of tags into a mass production process.

A second major development involved placing a unique serial number on
the RFID tag capable of identifying trillions of objects. This task involved
the calculation of the size of the number to ensure adequate coverage. The
numbering system developed during this phase of research became the
EPC.

The last step was to build a computer infrastructure capable of processing
identification data and information. Since initial designs of RFID tags
called for minimum functionality as a means of reducing costs, the EPC
became the only data contained on tags. It served as a pointer to greater
amounts of data and information held in a network. In this way, an efficient
balance was struck between the limited functionality (and cost) of RFID
tags, and the ability of computer networks to hold important data and
information about objects.

With these components in place – low cost tags, the EPC, and a network
infrastructure for handling data – the EPCglobal Network is capable of new
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types of data and information exchange as compared to current bar code
systems. In business, it is a general rule that the value of information
increases when it moves beyond the four walls of a firm. Many firms from a
wide range of industries are convinced collaboration provides extensive
benefits and are looking for new technologies to enhance its application
with trading partners.

The greatest value of the EPCglobal Network may be the set of standards
necessary for supply chain wide communication of unique identification
data. In this way, collaboration between trading partners can take place on
a more sophisticated level and it becomes theoretically possible to monitor
and communicate with objects at any step of a supply chain. This type of
collaboration and control has definite benefits that are quantifiable once the
EPCglobal system is in place.

RFID versus the EPCglobal Network

The use of RFID tags to identify and track objects is not a new technology.
The beginning of modern RFID traces to WWII where the military used
transponders for the important purpose of identifying a returning aircraft
as friend or foe.10, 11

Since the 1940s, businesses have applied RFID in a number of industry sit-
uations, mostly in the area of asset tracking, collection of highway tolls,
security access, and consumer convenience. It is important to note that at
least one inventor proposed the use of RFID during the 1970s as an alterna-
tive to the bar code.12 At that time, RFID was about seven times more
expensive than bar codes, prompting supermarkets to choose the latter.

Perhaps one of the most famous RFID applications to date is the ExxonMo-
bile SpeedPass. With this service, consumers can purchase gasoline using a
key chain fob that contains an RFID tag. When the customer arrives at a
gasoline station, and begins pumping, an RFID reader located nearby auto-
matically identifies the customer and charges their account upon comple-
tion of the transaction. This all happens without ever inserting a credit or
debit card into the card-reading unit located at the pump. As a testament to
its popularity, there are currently over 6 million users of ExxonMobil
SpeedPass in the United States.13
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A common characteristic of these early applications involves a ”closed
loop” approach. In this situation, RFID communication is tightly coupled
and applications are highly specific. Proprietary standards dominate these
systems and limited interoperability exists.

This is in contrast to the EPCglobal Network, where open standards enable
supply chain wide interoperability. With this approach, there are many
more opportunities to exchange data across multiple levels of a supply
chain or across different industry sectors. 

Charting the Future

There is no question that the EPCglobal Network and RFID technology
have great potential to provide detailed data about objects within a supply
chain. Current forecasts put the build-out of the technology on a gradual
pace with the first comprehensive applications being in place by 2007.14 As
companies install dense ubiquitous reader networks within manufacturing
facilities and supply chains, greater amounts of data will become available
with improved accuracy and timeliness. 

This represents a growth industry for vendors of RFID technology. ABI
Research of Oyster Bay, NY estimates that RFID hardware and software
sales alone have reached $1.53 billion in 2004, up from $915 million
recorded in 2000.15 Forecasts for the future size of the RFID industry vary a
great deal with some predicting sales as high as $4.6 billion by 2007.16

Mandates in the retail industry17 along with interest by the Department of
Defense and the Food and Drug Administration will almost certainly
ensure growing demand, although the near-term value to retailers and
manufacturers remains unclear. If the past is any guide, one author predicts
that in a high tech gold rush like RFID, it is usually those who sell the picks
and shovels who make all of the money.18 In this case, RFID tags, readers,
and supporting software are the modern day equivalents of the picks and
shovels.

The development of the EPCglobal Network and RFID technology will
undoubtedly take many turns in practice. It is seldom that new technology
finds application without a great deal of experimentation and a number of
failures. However, the process of creative destruction, an economic princi-
ple first put forth by Joseph Schumpeter, ultimately means that mature
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technologies like the bar code will eventually make way for new innova-
tions like the EPCglobal Network and RFID technology.19 Though the bar
code will be a mainstay of business for many years to come, its replacement
is inevitable. 

The task that business, academia, and non-profit standards organizations
now face is the true measure of any innovation; initiating widespread
application through a convincing argument of commercial value. Those
who deal firsthand with the everyday problems of business will be instru-
mental in this effort.

Initial Application Ideas

During the early stages of development, practitioners and researchers have
identified a number of applications that utilize the data and information
anticipated from the EPCglobal Network. Some applications include track
and trace within entire supply chains,20, 21 theft detection,22 improved serv-
ice parts inventory management,23 product obsolescence control,24 and the
management of production and logistics within military and civilian sup-
ply chains.25 With almost all of these initial application ideas, the aim was
to use information as a way to improve supply chain control.

In some cases, the EPCglobal Network holds the potential to go beyond
information-based applications by changing basic business processes that
have historically formed the structure of commerce.

For example, in the consumer goods industry the business model of manu-
facturers producing products that are sold to retailers, which in turn sell to
customers, has remained essentially unchanged since the rise of depart-
ment store chains during the late 19th century. With the supply chain visibil-
ity that the EPCglobal Network enables, it is possible that manufacturers
can ”own” products until the time of purchase by consumers in retail
stores. Often called scan-based sales, this approach would redefine the con-
sumer goods industry, turning retailers into providers of real estate for
multiple stores within a store, and allowing manufacturers to make basic
merchandising decisions involving price and promotion.26

This type of potential application highlights the inherent characteristic that
networks often transcend the established boundaries of organizations.27

Ocean shipping, roads, railroads, air transportation, telegraph, radio, tele-
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vision and the Internet are all examples of networks that contributed a
great deal to economic growth, yet have the unique characteristic of cutting
across significant business, governmental, social, and geographical bound-
aries.

As a final note, innovations like the EPCglobal Network also have a power-
ful transformative property. Some argue that networks often alter new
inventions and ideas into something much more influential.28 Steam power
is one example. During the early stages of the Industrial Revolution the
greatest changes did not come from the steam engine itself but rather from
the invention of the railroad network, which utilized the steam engine to
increase the average speed within a land-based transportation network.29

Without the railroads, the agricultural and manufacturing capabilities of
the 19th and 20th centuries would never have fully developed, and the
United States would never have emerged as a world power.

While it is hard to predict what other technologies the EPCglobal network
might transform, a precedent exists that such transformations will take
place with the result of improved productivity.

The History of Technological Advances

Taking something new like the EPCglobal Network and RFID technology
from an initial idea to wide-scale industrial application requires an appreci-
ation of the history of technological advances. An understanding of this
history will help to form the perspective that only the past can provide.

Seldom originating from a single source, innovations like the EPCglobal
Network are often the result of many incremental improvements in tech-
nology that in total add up to big things. This type of process, which thrives
in a free market economy, depends on communication and information
sharing through various means, such as academic journals and the business
literature, to stimulate ideas among individuals or small groups that pos-
sess a competitive desire to make something better. Historically, the result
of such a process, as apparent with most of the significant mechanical
inventions of ancient times, the middle ages, and the early stages of the
Industrial Revolution, is that many innovations bear little resemblance to
anything that had happened previously.
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Archimedes’ levers and pulleys, Gutenberg’s printing press and movable
type, Watt’s steam engine, Whitney’s cotton gin, and the Wright’s airplane,
were all innovations that changed the course of economies and history but
had no prior equivalent. Though these engineers seldom created their
devices without building upon the work of others, their unique insights
about the potential of applied technology served to harness existing knowl-
edge in new ways. Breakthroughs occurred primarily because of incremen-
tal innovations and the ability and focus of a single person to create
something of economic value.

One invention alone, the printing press, accounted for massive increases in
productivity and represented the first case where a mechanical device
became an integral part of data and information creation though the manu-
facture of newspapers, pamphlets, and books. By a single account given in
the late 18th century, a book would have cost 100 times the present price had
the efficiencies of the printing press not existed.30

In situations where innovations are successful, it sometimes takes years to
recognize applications. Inventive inspiration, often rooted in the idea of
incremental improvement, sometimes focuses on the potential of what is,
rather than the expectation of what might be. This means that inventors
tend to overlook the practical applications of the things they create. Some
researchers go as far as to assert that new technologies are not productive
until nearly a generation after introduction.31 The argument is that it takes
time to learn how to use the technology in new ways and for new ideas to
diffuse through the economy.

A case in point is the invention of air flight.32 The Wright brothers first flew
their machine on December 17, 1903, yet it was 1906 before issue of the first
patent and 1909 before the US Army took delivery of the first aircraft.

Another important aspect of innovation is relevance along with the source
of the initial inspiration for design. During the age of the Industrial Revolu-
tion, the great innovations in devices involving the manipulation of force
and mechanical power frequently traced to a close relationship with the
practical problems of everyday life. For example, the design of machines
that replaced the backbreaking work of agriculture often mimicked the
observed physical motions of humans working in the fields.
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In perhaps one of the best descriptions of this type of innovation, Sherwood
Anderson put forth a compelling fictional account of agricultural innova-
tion in a small Midwestern town during the late 19th century. With a single
sentence, he sums up the prevailing attitude of this time of great American
innovation, ”Do little things well and big opportunities are bound to
come.”33

Parallels with Identification Technology

The EPCglobal Network shares all of the characteristics of innovation that
have previously occurred in the Industrial age. The technology carries the
mark of its predecessor the bar code and the Uniform Product Code (UPC),
first invented in 1948 (bar code) and fully implemented in 1974 (bar code
and UPC).34 Yet the idea of unique identification at the object level with
RFID tags that communicate over a distance was beyond anything
remotely considered by those who initiated the first bar codes.

Through the combination of RFID tags and a sophisticated information
technology infrastructure, the EPCglobal Network has the potential to cre-
ate a revolution in the quantity, quality, and timeliness of data generated
within supply chains. In this way, the EPCglobal Network is a ground-
breaking technology much like the printing press, which revolutionized
communication, learning, and information sharing. Improving the quan-
tity, quality, and timeliness of data has the potential to lead to better plan-
ning and control internal and external to business organizations, and the
widespread application of automation. 

Even though the EPCglobal Network has impressive potential, there also
exists the risk of failure because of infrastructure complexity. To date, con-
siderable theoretical development has taken place and prototype applica-
tions of the EPCglobal Network have proven successful in practice.
However, the viability of large-scale implementation across a number of
industrial sectors remains an unanswered question.

It is also true that other technologies might supplant the EPCglobal Net-
work before full implementation. Though few such technologies are cur-
rently on the horizon, businesses in a free market economy have
exceptional capability to identify and put into practice least cost alterna-
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tives that might include non-technological solutions to the various aspects
of object identification within supply chains.

Finally, because it is a new technology, the most innovative applications of
the EPCglobal Network are in the future and will probably have an origin
in the everyday problems of commerce that cause loss of productivity.
Much like the advent of air flight, it might take years to comprehend the
full potential of the EPCglobal Network and RFID Technology. Taking the
bar code as an example, more than 25 years passed between the invention
of the bar code and widespread commercial application.

Productivity Through Information

The essential nature of the EPCglobal network differs from the devices
developed during the age of industrial revolution in that the primary
goal is production of data and information. Lacking the tangible aspects
of mechanical innovation, this new technology depends on using data
and information to enhance practical decision-making in business rather
than a focus on improvements in equipment, training, or methodologies,
which were the traditional ways of increasing manufacturing productiv-
ity.

In support of the productivity potential of the EPCglobal Network, evi-
dence exists that the information economy has created significant results.
According to a Federal Reserve report published in 2000, productivity
growth has increased an average of one percent when comparing the first
half (1990–1995) to the second half (1995–2000) of the 1990s.35 Two-thirds of
the increase has been traced to better use of information technology and
increasingly efficient production of computers.36 Further, a significant por-
tion traces to better supply chain management in the retail industry, an out-
come of increased data about operations.37

Conquering the dynamics of supply chains can only happen through the
innovative use of information. As Harvard psychologist Donald Cox once
stated, ”information is the antidote to uncertainty.”38 Having real-time
information on the location of an object within a supply chain improves
visibility and enhances such critical business functions as inventory control
and the delivery of customer service. To date, various information technol-
ogies including the bar code have already had an important impact on the
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US economy by helping to mitigate inventory imbalances that often caused
deep recessions.39 The EPCglobal Network and RFID technology have
every prospect to strengthen this trend.
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