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Introduction

What is RFID?

Radio Frequency Identification (RFID) is an automatic identification method that utilizes wireless communication between readers and small silicon chips embedded in items to be tracked.  The technology has been around for some time, beginning with military applications as far back as World War II.  Early commercial applications were primarily in vehicle tracking (for example toll collection at NY and NJ ports) and animal/stock tracking.  It wasn’t until the 1980’s and 1990’s that significant developments began to occur which allowed development of more applications
.  

RFID technology transmits and receives data on tags using radio waves and an RFID reader.  Readers are linked to hardware, middleware, and software applications specific to tracking the tag data.  The advantage of RFID is that items can be tracked real time and on an item level (instead of on a product basis as does the current barcode technology).  Most of the major penetration of this technology to date has been in toll passes (fast passes) and security (access card) market, but recent trends include the use of RFID in contactless smart cards and supply chain management.  Discussion of RFID as a catalyst for revolutionary change in the retail industry has been ongoing for some time, but the technology just hasn’t taken off as initially predicted.  Our paper examines the opportunities and existing applications for this technology in retail, and highlights some of the issues that are holding back adoption.  

Market Outlook

There are different estimates of the market potential for RFID.  Analysts
 have projected the global RFID market for tags and hardware to grow from $1.94 billion in 2005 to $24.5 billion in 2015, and the market for consulting, implementation and other related services to grow from $443 million in 2005 to $2.1 billion in 2008.  Even though the potential size of this market is huge, most of the market is devoted to access applications and toll passes as mentioned above.  In fact, only 38% of tags shipped in 2006 were estimated to be for supply chain related applications. 

Overview of RFID Technology

In a generic RFID system, a reader sends out a broadcast radio signal.  An RFID chip, upon receiving that signal, responds with a broadcast radio signal announcing its unique ID number.  This signal is observed by the reader, and passed along to software that looks up the unique ID number in a database to find related information.  There are three primary components to an RFID system: tags, reader, and middleware. Most RFID tags contain silicon chips and antennas. They are typically paper thin, ranging from the size of a postage stamp to the size of a postcard. RFID tags can be either passive, requiring no power source, or active, requiring a constant power source. Although passive tags are cheaper, they only relay information when read, while active tags can constantly send out a signal. Tags can be read-only or read-write. RFID readers can remotely read and write to compatible tags. ‘Intelligent’ readers can also filter data, store information, execute commands, and communicate with tags using a variety of protocols. Middleware is needed to interface between RFID readers and existing company databases and information management software. 

RFID tags are described by analysts as a ‘quantum leap’ over barcodes
. Whereas bar codes can only identify the class of an item, RFID tags can identify an individual item, which allows a wealth of additional information to be incorporated about a product. Furthermore, electronic information can be overwritten repeatedly on RFID tags, allowing for dynamic applications. Durability, small size, and the ability to convey information without line of sight are other advantages that allow RFID tags to increase efficiency in distributing and managing inventory. 

Limitations Preventing RFID Adoption

Despite RFID’s advantages over existing technology using bar codes, there are several key limitations preventing its wide scale adoption, which we outline in Table 1 and then discuss in detail.  

	
	Cost
	Level of Reliability
	Public Concern
	Standards

	RFID (passive)
	$0.15-$2
	Manufacturing failure rates can be high, interference issues
	Privacy, Authenticity
	EPC, ISO are emerging standards

	RFID (active)
	$10-$50
	High
	Security
	EPC, ISO are emerging standards

	Barcodes
	Negligible, printed on packaging design
	High
	None
	Mature technology with almost universally accepted standards


Table 1:  Comparing RFID and barcodes on dimensions of cost, reliability, public concerns, and standards. 
Cost Considerations
One of the major limitations prohibiting wide-scale implementation of RFID tags is cost.   Currently, the cost of passive RFID tags ranges from $0.15 per unit for the simplest tags bought in high volume to several dollars for tags with additional features. Active tags range from $10 to $50 and thus are not a viable option for the retail industry for use on an item-by-item basis. Gary Cooper, Chief Technology Officer of Tyson Foods, Inc., speaks to the importance of the cost of an individual tag: "I need the cost to really drop because we're moving hundreds of millions of cases a year and we're a fairly low-margin business. Just do the math: 20 cents times hundreds of millions.” Analysts studying business cases and exploring ways to use RFID data have concluded that benefits won't materialize until tag costs dip below 10 cents
. However, price reduction of RFID tags is not a simple issue, as it deals with economies of scale.  Because the tags are pricy, many players refuse to adopt, but the prices won’t come down until network effects and thus economies of scale are achieved. Dennis Gaughan, an analyst at AMR Research Inc. captures the essence of the problem, “This is the ultimate chicken-and-egg scenario. More people won't do RFID until the tag costs come down, but the tag costs won't come down until more people do it.” The cost problem is also due to the fact that suppliers have not yet invested enough to realize the return on their investment.  It is estimated that a supplier needs to tag 10-20% of products in order to see visible profitable gain from adoption of RFID.  

Development of RFID standards is expected to drive down tag costs. The two main groups of RFID standards that have been developed are ISO 15693/11784 (approved by the International Standards Organization) and EPC (electronic product code). Variants of the ISO standard have been mainly used for contactless payment cards and identification of animals for agricultural purposes. The primary standard that is emerging for identification of items in the supply chain is EPC Generation 2, which has been backed by many large distributors and policymaking bodies. Following the approval of the EPC Generation 2 RFID standard in December 2004, analysts and consultants projected that tag costs would drop to $0.10 in one to five years.
 SmartCode Corporation has recently announced that they will release their most basic feature passive RFID tags for under 10 cents. Based on these projections, full-scale implementation of RFID tags should happen in the very near future. However, it is important to note that full-scale implementation in this sense still refers mainly to the supply chain side. Business drivers for adoption that are being examined in existing literature include
:

· Lower operating costs (lower warehouse, inventory management costs)

· More fluid cash flow through tightening of inventory supply (cash not held in inventory)

· Increased sales volume (out-of-stock and quality issues solved)

This understanding of business drivers demonstrates that little attention has been given to the benefits of RFID consumer-facing applications.  Perhaps another key solution to breaking the current chicken-and-egg RFID adoption deadlock is implementation of consumer-facing applications that significantly improve the customer’s experience.  We explore examples of these applications later in the document.   

Reliability 
Currently, companies must spend time and money to test the reliability of passive tags. In 2004, failure rates among passive EPC tags were as high as 20% in particular manufacturing batches
. Failure rates are expected to decrease as the RFID manufacturing industry matures. However, for most applications of RFID in retail, a 20% failure rate is unacceptable and companies must continue to use additional resources to test tags before deployment. Furthermore, any type of metallic interference, such as the foil lining of potato chip bags, can affect accurate reading of RFID tags. Thus, additional consideration must be taken to ensure that product packaging and store display layouts do not affect accurate RFID tag reading.

Security/Privacy 
Consumer privacy groups are greatly concerned about the implications of RFID adoption. Security issues with RFID stem from the idea that unlike barcodes, which require line of sight to be read, RFID tags can be accessed by any reader within range (up to several meters for passive RFID tags). This would allow individual items to be tracked without the customer’s knowledge, even after the customer left a store. Furthermore, if the tag is a read/write tag, someone with malicious intent could potentially alter the data on the tag. In the retail industry, clearly this raises concerns regarding the ease with which competitors can read and exploit information from RFID tags and whether customers would be able to alter information, such as price, given the right technology. In addition, there is some concern by radical groups that a Big Brother like world would be created as a result of RFID
.  One example of potential misuse is that inappropriate profiling based on the RFID tags associated with the clothing or jewelry that a person wears could make them a target for crime or predatory pricing techniques, as RFID could act as a form of X-ray vision.  Government entities could maintain a database on everything a person wears, uses, and does, resulting in a complete lack of privacy.  

However, several technological solutions to these problems are being researched.
 One solution to prevent tracking of an item following store checkout is the ability to give an RFID tag a one-time ‘kill’ command that makes the tag unusable once sent. Furthermore, the use of encryption algorithms is being explored based on the idea that only RFID readers with necessary encryption keys would have the ability to read and write to associated tags, which could allow only the owner of the product to have the capacity to read the RFID tag once it leaves the store.  

Transformation of the Industry 
Although RFID as a technology is still in the early adopter stage, there are still a number of use cases we can look to for guidance for what is coming down the pipeline.  We will look at use cases for both consumer-facing applications and for supply chain management activities, both in the retail value chain.  

Supply Chain Management Applications of RFID
Wal-Mart:  America’s biggest retailer has been a leader in implementation and push of the new RFID standard from a supply chain and inventory management perspective, but is still having its challenges in reaching a significant point of adoption.  Wal-Mart’s travels with RFID began in June 2003, when it announced that its top 100 suppliers had to be compliant by the beginning of 2005, specifying RFID at the case and pallet level (not at the item level which is ideal) for specific warehouses.  Different adoption deadlines were set for additional groups of suppliers.  However Wal-Mart has been getting a lot of backlash because its suppliers are balking at the cost.  It is expected that Wal-Mart will be finished with equipping 1000 stores with the second-generation rollout by April of 2007, and potentially 2,000 stores by year-end 2007, which will give it more leverage to push its suppliers into adoption of the technology.  Wal-Mart also expects to expand the piloting and testing of both its retail supply chain and asset tracking solutions.  According to industry experts, the main reason that Wal-Mart is interested in RFID is to create more visibility as to available stock to reduce retail stockouts.  According to a University of Arkansas study, Wal-Mart has seen a 16% improvement in this area when compared to bar codes
.  
Department of Defense:  The DOD is another leader in pushing RFID from a supply chain perspective.  In 2004, the DOD announced that it would require all DoD contracts issued as of October 1, 2004, for delivery of material on or after January 1, 2005, to have passive RFID tags applied to all cases, pallets, and certain select high-value items.  The current status of the DoD project involves upgrade of suppliers to second-generation tags, and the DoD continues to work with its suppliers to implement effective RFID processes.   

Smart Shelves:  Vue Technology, Inc. has smart shelves which alert employees when a large number of tagged items are removed from a shelf at one time.  In addition, some Japanese companies (DNP, Tana-X, and SEARS) are developing some smart shelves that track information about the consumer, such as the number of people who considered buying the item, the number of people putting the item in their carts, and which items people buy together.  Consumers can also go to kiosks to get information about a scanned item (these machines have RFID readers which read the loyalty cards) while of course giving information inadvertently to the marketing department.  The terminals provide coupons and other incentives which have been developed based on the knowledge base of that particular consumer’s behavior.  

Consumer-Facing Retail Applications of RFID

Walgreens:  In 2005, Walgreens did a pilot test of an RFID system to track the effectiveness of in-store product displays.  The pilot was done with 50 of their stores, and after being completed successfully, Walgreens signed an agreement to fit all their more than 5,000 stores with the system by sometime in 2007.  Fifteen consumer packaged goods suppliers of Walgreens initially signed up to participate.  Data on the displays is matched up to sales records for the products being advertised.  Questions the retailer hopes to answer include evaluating effectiveness of the display within different locations in the store, as well as different geographical areas in the country, as well as evaluating timing of displays
.

Japan:  RFID is being tested in the Ginza shopping district in Tokyo
.  The area is being covered with 10,000 RFID tags and transmitters.  The goal is to help shoppers navigate the shopping area.  Another trial in this shopping district involves the use of RFID to give customers information, and thus a better shopping experience.  Shoppers will get near-field-communications (“NFC”) equipped cell phones or readers, which the shoppers can use to download data from informational posters placed in stores, as well as kiosks with information on local attractions.  The trial uses RFID, NFC, infrared, wireless LAN, and Bluetooth technologies and is sponsored by the Japanese government and companies such as Fujitsu, NEC, Hitachi, and NTT East.  

Shopping Cart Tracking:  Although this application falls under the realm of asset tracking, it applies to the retail environment so we are including it here.  A vendor called Intelligentz has a way to allow people to take carts home temporarily (e.g. elderly shoppers who don’t drive and need to transport groceries to their nearby home) by placing antennas in the parking lot lightposts.  The antennas have a range of one mile in this scenario.  Another scenario has implemented RFID tags into shopping carts with wheels that lock up upon exit (RFID enables the employee to unlock them).  

Jeans/Shoes:  A clothing retailer in Japan, Mitsukoshi, has begun using RFID tracking in its stores.  In the women’s footwear department, RFID tags were implemented with the goal of increasing customer service efficiency and reducing the work of employees in the backroom.  This had positive effects; the average time for assisting a customer decreased from 13 minutes to 6, the number of shoes shown to customer increased to 3.1 from 1.7, and sales of women’s shoes increased over prior year by 10%.  In the jeans department they also implemented RFID by tagging each pair of jeans, and also installed “smart shelves” which can update in real time.  Sales of jeans increased from the prior year by 16% in premium denim
,
.  

Cosmetics:  This year Mitsukoshi has partnered with Shoseido and Fujitsu to do a trial involving tagging cosmetics
.  The tags will be attached to the samples at the counter, and will enable the customers to activate information screens at the counter with the tagged samples.  The customer will be able to see comments from other customers and see a demo of how they would look in a specific cosmetic item.  Retailers gain by being able to evaluate consumer interest by evaluating levels of activity on each sample, which allows them to better plan store inventory.  

Targeted Advertising:  In 2005, certain stores in Seattle began individually marketing product and services to customers using RFID
.  The users carry an active RFID tag, which triggers an advertisement to occur when the user comes within 100 feet of a transmitter.  The advertisement contains information about nearby retailers, and depending on the information the database has on file about the customer, it comes in the form of either an audio file to a speaker or in a sign language advertisement to be displayed on a video monitor, as the initial target group consisted primarily of visually and hearing impaired customers.  These customers receive better, more understandable information in ads suited to their disability, and will further benefit from future complementary applications such as safety and navigation information that can be displayed or played on a personal device.  

Other Potential Uses of RFID

Although what we have highlighted above includes only those use cases which have been actually piloted or otherwise deployed, there are many other potential applications for RFID technology which have been discussed as possibilities for the future.  These applications include:  

· Use of RFID as a payment mechanism:  In the future, point-of-sale (“POS”) terminals may eventually become unnecessary, since RFID technology provides the ability to automatically charge a person’s credit card as they pass an RFID scanner with the items they are purchasing.

· Use of RFID tags as surveillance tags.  

· A tool for management of perishable inventory.  In order to effectively manage perishable inventory, precise identification, location and age profiling of items are necessary, challenges which only RFID technology resolves.  Milk is the most commonly discussed example of this.  In an ideal world, the milk carton would be identified via RFID with its expiration date and specific product information.  The supplier will be able to track temperature and other environmental data, and thus quality, of the milk as it passes through the distribution channel, and make stock decisions accordingly instead of leaving them up to the retailer’s quality control process.  In addition, RFID offers the opportunity to offer dynamic pricing, for example discounting the gallon of milk in greater increments as it approaches its expiration date.  This philosophy has already been adopted in a similar way by other industries such as the airlines, who change pricing as the inventory expires (however the willingness to pay goes in the opposite direction in this circumstance, causing the prices to increase instead of decrease as inventory perishes).  Retailers that have already toyed with using RFID for milk include the European supermarket chain Tesco, and Daisy Brand, a Wal-Mart supplier who produces sour cream and now tracks the cream via RFID on a pallet basis.  

· Use as a catalyst for differential pricing:  RFID also creates many opportunities for differential pricing, in addition to the inventory aging-based pricing discussed above.  RFID can be leveraged to provide personalized pricing, i.e., selling to each user at a different price.  Note that this option has both positive and negative effects.  On the positive side, based on the customer’s identity or purchase history they might be able to obtain additional discounts, coupons, or rebates, or from a negative perspective, the retailer could abuse this and indulge in predatory pricing.  RFID could also enable versioning or group pricing, all perhaps driven off the RFID chip in the customer’s loyalty card.  

Complementary Technologies

The adoption of RFID could be spurred on by increase in availability of other wireless technologies.  For example, Wi-Fi networks can be used to get information from the tags, thus eliminating the need for RFID readers, which could save up to 50% of the cost of RFID deployment
.   Near-field communications, for which standards were recently approved, is another enabling technology as it is being implemented in mobile phones so that the cell phone user can wave their phone at the mobile point-of-sale terminal to complete their payment.  Although this technology is different from other contactless or RFID technologies in that it has a very short operating distance (20 centimeters, usually) and also allows two devices to interconnect, some combination of product identification using RFID and an NFC-based payment capability would be quite a powerful combination for the shopping experience.  Another technology is location-based-services technology, which, if combined with RFID, could offer more pricing alternatives for the mobile user.  Currently players in this space are exploring dynamic pricing and couponing based on the store that the user might be passing by, a concept which could be easily paralleled in the RFID world.  GPS can also be an enabling technology.  There are many projected uses in the press regarding customer-smart shopping carts that are GPS-enabled and enhance the customer’s shopping experience by guiding him/her throughout the store, similar to the way one uses GPS in a car to find the way to a given location.  

Economic and Strategic Considerations for RFID in Retail
RFID has the potential to transform the economic relationships in the retail industry in a number of ways.  These changes can affect both the in-store customer experience as well as efficiencies in the supply chain.

Pricing is the first major strategic issue that RFID has the ability to impact.  On the customer side, real-time access to inventory and customer data will enable retailers to more effectively differentiate their customers' willingness to pay.  RFID-enabled “smart shelves,” like the ones at Mitsukoshi described above, could keep track of how many pairs of jeans are left on the shelf and update the price on their digital displays to better match the demand.  If the jeans become popular one day, or even one hour – say lunchtime – the retailer can extract the right amount of surplus value from those trendy shoppers without human intervention or forecasting.

RFID can also improve the effectiveness of retail loyalty programs.  Now, many customers carry cards that they can swipe at checkout to receive discounts.  RFID-enabled keychain fobs, like those sent to some gasoline customers, can allow customers to activate special coupon displays, to collect points towards prizes, or to enter sweepstakes giveaways just by walking around a store.
  The additional information retailers can collect can help them better evaluate their marketing and pricing strategies, while rewarding loyalty and offering discounts to value-oriented shoppers.

Inventory Management is another area that will be transformed by RFID.  In fact, inventory management and supply chain optimization are currently receiving the most attention in the RFID world.  As mentioned above, Wal-Mart, in particular, has been aggressively leveraging the technology in its stores and distribution centers.  The goal is to keep store inventory more closely in line with demand by tracking merchandise stocks and sales more efficiently.  In addition, they expect to utilize the item-level tracking capabilities of RFID to more closely monitor perishable items like fruit or milk.  By ensuring that stores receive ripe fruit and fresh milk, the retailer will be able to discount or discard spoiling items,
 and will be able to effectively balance supply and demand of these perishable items, as well as be better able to control the quality of product that is being sold to the customer.  

Of course, implementing RFID in a supply chain requires the cooperation of suppliers.  Network Effects come into play here, since the value of adopting the technology to any supplier (or retailer) increases as there are more retailers (or suppliers) that can take advantage of that investment in those RFID-tagged items (or that RFID-reader infrastructure), thus, the value of RFID in one component of the value chain increases based on the availability of the technology in other parts of the value chain.  Partly due to high costs and uncertainty in this still immature market, the network effect has yet to whip RFID adoption into high gear.
  

In fact, Wal-Mart’s plan to leverage RFID for inventory management has met significant resistance from its suppliers.  Many don't see enough value in outfitting manufacturing plants with the necessary equipment just to continue supplying Wal-Mart at the same prices.  There seems to be a chicken-and-egg problem of needing wide adoption by one side (retailers or suppliers) before the expense is worthwhile for the other, i.e., a problem of hold-up.  Because of this, it may take a stand-alone killer application to overcome the impasse and really spur large-scale adoption of RFID in the supply chain.

Standards and lock-in are also important issues, since leveraging the technology for supply chain efficiencies requires tight integration with back-office information systems. Without standards-based chips, readers, and software, RFID has the potential to lock retailers into a technology provider. Retailers might even wind up locked into suppliers. If alternative suppliers already use RFID chips that a retailer can't read, for example, that new supplier won't be able to integrate into the retailer's supply chain management solution without significant expense. While small retailers and suppliers would want open standards to lower their costs and improve their access to the technology and RFID enabled applications, large technology providers have an interest in differentiating their whole-solution products (chips, readers, and software applications). At the same time, retailers such as Wal-Mart and large suppliers like Proctor and Gamble have an interest in locking their partners into proprietary interfaces to increase their control over future negotiations.

In light of Wal-Mart’s failure to galvanize adoption through leadership, another way to solve these coordination problems space is through industry cooperation.  A retailer, supplier, and technology vendor coalition might cooperate to develop and freely share a set of standards about RFID in retail.  This guaranteed interoperability would take some of risk out of adopting the technology and help the industry over the adoption hurdles to generating significant network effects.  It was precisely this type of industry cooperation that led to the standards and network effect-driven adoption of bar codes in the 1970s.

Complementors

Complementors play an important role in shaping the retail industry's adoption of a network-effect driven technology like RFID.  These complementors include supply chain partners such as Proctor & Gamble, smaller suppliers, RFID equipment and software vendors such as Hitachi and Sun Microsystems, and marketing partners who will help carry out RFID-enabled advertising initiatives.

Each of these players can benefit if RFID is widely adopted throughout the retail value chain.  In some cases, however, their strategies are opposed to one another.  In addition to the proprietary interface issue discussed above, each player in this value chain will realize greater benefit if the other players have lower prices or if they adopt more quickly.

The vendor landscape, for example, includes manufacturers of tags, readers, printers, labels, handheld terminals, data capture software, and enterprise-level integration software.  An RFID tag vendor can successfully charge more if the price of readers and software is lower, especially given limited technology budgets.  We have seen that the cost for a complete RFID system is currently too high for most retailers.

Likewise, retailers will be more willing to roll out RFID initiatives when they can be confident that advertising agencies will have the know-how to implement effective campaigns that incorporate those technological capabilities.  At the same time, advertisers are hesitant to invest time and money into learning customer response to RFID until retailers are willing to pay for campaigns.

Incentives to Adopt are different for each type of complementor in the current RFID landscape.  Wal-Mart’s experience is illustrative of the potential consequences of this misalignment.  The retail giant has a large incentive to improve its own logistics with RFID.  The smaller suppliers don't have as much incentive and have pushed back against Wal-Mart’s pressure to start using the technology.  Since it needs those suppliers participation for its own initiative to succeed, we might see Wal-Mart move towards increasing suppliers' incentives, possibly by helping to defray some of the adoption cost.

Vendors have a large incentive to help everyone in the retail value chain move to RFID as that is how they will be able to build up a customer base.  They would like to keep their own prices high, but can try to lower the other barriers to adoption.  In fact, we're already seeing vendors produce educational research and conferences about the technology.  To overcome some of the worries about switching costs and lock-in, vendors have begun to converge on non-proprietary standards through cooperative bodies such as the ISO and EPC.

Options for Implementation of an RFID Network

As we've seen already, because of cost limitations, many initial RFID deployments are limited in scope. These initial deployments typically do not get into the highly valuable, yet complex, solutions that are possible using RFID technology, and are thus limited to basic functionalities.  However we can expect that as penetration increases, the use cases will become more advanced and will take advantage of what RFID can do, and added value provided by the RFID network will grow, making it worthwhile for a company to generalize the use of RFID technology. Such a company may consider several options to make this happen: expanding its current application; expanding the size and breadth of its current network to support new applications; or adding new, distinct applications to its existing network. These options are not mutually exclusive, and there is often identifiable value in implementing two or three options simultaneously.

Expanding the Current Application

The most common way to grow an RFID solution is to extend the scope of the current application. After completing a successful RFID pilot program, the functionality of the network created can be increased. This may be done by defining additional Application Level Event (ALE) reports, by creating new integration points for enterprise systems, by supporting new tag types or by increasing the complexity of business logic.

Many companies' initial RFID deployments start as homegrown solutions where all the hardware integration, data aggregation and filtering, and business logic or report generation capabilities are developed from the ground up. While this may look like a feasible approach for a pilot, it can quickly turn into a significant resource commitment as the RFID solution expands. This is why it is more feasible to do a first implementation before finding a way to integrate and expand the technology for a generalized use. 

Options to extend a current application can include the following:  

· Adding antennas to readers:  RFID readers allow for multiple antennas to gather the data. This commonly ranges from two to eight antennas, but four is most common. This approach is frequently used to increase the read zone, but some middleware platforms allow for each antenna to be treated as a unique data-collection point.

· Modifying tag types being monitored: Current second-generation readers can monitor EPC, ISO and other tag formats.  If the platform used allows for adding newly ratified tag specifications, it also provides the ability to choose the appropriate tag for each application.

· Adding new reports:  Once a solution is deployed, new insight can often be gathered by the data already being generated. Adding additional reports on the data, perhaps at an increased frequency or enhanced format, is often beneficial.
All of these options depend on the RFID technology utilized at the beginning for the implementation. To allow a further integration of RFID after the first implementation, it is necessary to have RFID middleware that provides flexibility in support of hardware devices, development options, communication protocols and reporting options.

Expanding Network Size and Breadth
RFID network growth can also occur simply by purchasing, configuring and maintaining dedicated hardware for each new application. New hardware could include RFID readers or intelligent sensors that will enable additional process automation.  This strategy is most common for new applications requiring different levels of intelligence than existing applications. For example, an initial application might monitor dock doors with one set of readers, while the new application could use sensors and printers to automate a production line. New hardware deployment might also be done in order to expand the network and cover distinct zones or physical locations.  At this point we begin to see that the advantage of expanding the network depends on the incremental cost of new deployments.  Adding new hardware for each new application requires additional investment maintenance costs, and does not leverage already-existing investments.  But if the architecture of the network offers new applications the ability to leverage the existing RFID network, then the added value is higher than the cost.  Thus, to allow the network to be expanded in size and breadth, it is important to build it on a framework that is meant to be extended. It must provide advanced management capabilities to simplify tasks for managing a broad network, including firmware upgrades, configuration and monitoring.
Adding New, Distinct Applications to the Existing Network
The third option for growing an RFID network is to leverage the current physical network to deliver data to new applications. This scenario is not applicable to all deployments, as many RFID applications do require a dedicated network. However, adding new application to an existing network can help realize a greater return on initial hardware and infrastructure investments and improve maintenance costs.  It can also avoid concerns of interference or complexity that could occur if overlapping hardware were introduced.   For example, many hospitals are implementing RFID technology for asset tracking. For lower-valued goods, this often takes the form of an extensive passive RFID network created to monitor the movement of equipment as it travels past RFID readers located at specific points in the building.  Once this network is in place, it then becomes feasible to expand the implementation to monitor hospital staff and patients.  Even though these applications have very unique requirements, both can use the same network to obtain the asset location data.

Another example closer to our analysis of the retail industry can be found in warehouses, where RFID technology is often implemented for inventory and supply-chain management applications. The first application could use RFID readers at dock doors and forklifts to track incoming and outgoing shipments. Once this network is in place, it can be leveraged to monitor equipment and tools, and even to help track employees' arrival and departure times.  This type of network expansion is not often discussed, due to a common misconception that there needs to be a one-to-one relationship between the physical RFID network and the applications which consume the data from the network. This may be true for RFID solutions built with a tightly coupled relationship between the application and the hardware, but if a flexible middleware platform is used, this limitation does not exist.  
Whichever of the three options a company chooses for growth, developers need to select an RFID infrastructure that meets current requirements and is also scalable enough to meet their growth objectives.  

Strategic Outlook

While a lot of the buzz around RFID has died down, it is still a solid technology with significant potential to impact the retail industry.  From our analysis, we believe that it will take falling prices and a stand-alone killer-application, perhaps on the customer-facing side, to jumpstart the adoption of RFID in this sector.  The Wal-Mart experience has shown that coercion of partners doesn't work well, but we suspect that a retail industry coalition built around open standards can succeed.  

We can also recommend certain incentives that can encourage players to adopt.  Since one of the factors in obtaining lock-in both from a technology and a vendor perspective is the existence of low switching costs, the industry should consider options in which the player that needs to be pulled along can be subsidized for adoption of the technology.  Examples of this can be taken from other industries.  For example, in the adoption of digital cinema, studios are moving towards subsidizing theatres for implementing the new equipment, as studios are the component of the value chain that benefits the most.  Similarly, in the video game industry, hardware manufacturers subsidized game developers, resulting in the creation of a thriving ecosystem.  Also we can look at bar code technology, which played out in a similar manner in retail, and cellular carriers, who in order to get lock-in (in this case a signed two-year contract from a customer which represents a solid revenue stream) subsidizes the least likely to switch (the customer) and decreases their switching costs.  

In conclusion, we feel that RFID has significant potential to make revolutionary changes to the retail industry, but only if industry players can work together to create an economically attractive solution for all of the stakeholders.   
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