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Volkswagen Group is a German multinational automotive manufacturing company and it is the sixth world’s largest companies in 2017 (Fortune Global 500). Volkswagen, Porsche, Skoda, Bugatti, Bentley, Audi, Lamborghini, SEAT marques belong to Volkswagen Group. The success of this group was not created in one day, indeed it was created in 1937. To always be at the top, companies must innovate. For that, the group has decided to adopt a new supply chain identification technology called “Radio Frequency Identification (RFID)”.
Radio Frequency Identification is expected to support innovation for competitive advantage, to increase transparency and efficiency in the automotive supply chain. A principal barrier for Radio Frequency Identification diffusion and adoption in companies was the lack of data standards in the automotive industry. This paper discusses the history of Radio Frequency Identification, when, who and why this technology was created. Challenges and potential benefits of this technology are also described, and then RFID adoption in Volkswagen Group.
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Top Walmart’s suppliers have been mandated to use Radio Frequency Identification tags on the pallet level in 2003. It was an instruction of Walmart’s Direction (RFID Journal, 2003 in Krotov and Junglas, 2008). In a way to have the best business model of a discount retailer, Radio Frequency Identification has been adopted by Walmart. The American leader of discount retailer has chosen using this new supply chain identification technology because in 2003 it was an improvement over barcodes which are used by the company. Another reason of adopting Radio Frequency Identification is that this technology has the potential to save a lot of money for Walmart (billions of dollars) and their retailers thanks to great improvements in its supply chain efficiency ( Asif and Mandviwalla, 2005;  Roberti, 2003;  Soon and Guttierez, 2008; Veeramani, Tang and Guttierez, 2008 in Krotov and Junglas, 2008). Walmart is one of the first big companies which used Radio Frequency Identification. There has been a recent explosion of Radio Frequency Identification adoption since American company has been the major driving force of it. With this success, many other companies have understood and adopted Walmart’s perspective on the technology.
Radio Frequency Identification may be a short term impacted improving supply chain efficiency of logistics intensive organizations and other retailers (Zhang, Ouyang and He, 2008 in Krotov and Junglas, 2008). It could be possible that Radio Frequency Identification will may have a biggest impact on society and business. For instance, Paul Saffo who is the research director for the Institute for the Future says that a stage of new media revolution is near (Ohkubo, K. Suzuki and S. Kinoshita, 2005 in Krotov and Junglas, 2008). According to Accenture (2002 in in Krotov and Junglas, 2008), the intelligent interaction of Radio Frequency Identification enabled devices is probably as revolutionary as the World Wide Web and the Internet.
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Radio Frequency Identification, or also called “RFID”, is a new supply chain identification technology based on the need for remote recognition of objects. Via radio wave, electronic readers receive identification numbers from Radio Frequency Identification tags. It permits both identity and the presence of a tagged object to be determined without requiring line of sight or physical contact. Electronic toll collection on highways, access control, and inventory tracking are always Radio Frequency Identification’s main uses.  Origins of Radio Frequency Identification have found during the Second World War owing to a problem. Indeed, the United Kingdom found that while radar could recognize the presence of incoming aircraft, it could not determine the planes’ nationalities, thus in order to make this determination, IFF radio transponders, which means identify- cation friend or foe, were added to Allied planes, which allowed them to show up with distinctive ‘blips’ on the radar screen (Lockton and Rosenberg, 2005).
Before commercialization on Supply Chain of Radio Frequency Identification technology, there had decades of field experiments, theoretical research and pioneering commercialization attempts (AIM, Inc., 2001 in Krotov and Junglas, 2008). The beginning of the history of Radio Frequency Identification has begun in June 2003 when Walmart’s Chief Information Officer announced that the American company will mandate its biggest suppliers to start placing an EPC code (Electronic Product Code) with Radio Frequency Identification tags on cases and pallets by January 1, 2005 (RFID Journal, 2003 in Krotov and Junglas, 2008). 
This announcement by Walmart introduced Radio Frequency Identification to the general public. Like it was a new technology, there have been many companies (principally retailers) which have begun experimenting with Radio Frequency Identification in their supply chains after this announcement. 
At the same time, the main reasons of the introducing of this new supply chain identification technology cited by Walmart was the desire to improve its supply chain efficiency and therefore reducing their cost (Asif and Mandviwalla, 2005 in Krotov and Junglas, 2008). Walmart’s CIO also said (Krotov and Junglas, 2008) that Radio Frequency Identification will become like Electronic Data Interchange, that means a requirement, because if the company cannot track items and product with  Electronic Data Interchange tags, it is an added cost for the company that it has to pass on to their customers.
There is a revolution which occur in retail surveillance technology unbeknownst to most consumers. Concerning consumers and business, for both Radio Frequency Identification provides many economic benefits. However, this technology constitute an invasive surveillance technologies threatening consumer privacy, perhaps the most invasive. 
However, between the CIO’s announcement in 2003 and 2006, in spite of Walmart choose to adopt Radio Frequency Identification, there has not been the rapid and big growth of this new technology adoption expected (Wu et al, 2006 in Kim, Hwang and Rho, 2016). Radio Frequency Identification diffusion was delayed in industries owing to the necessity of resolving many concerns (Schmitt et al, 2008; Wang et al, 2010 in Kim, Hwang and Rho, 2016). Challenges which could boost the diffusion of Radio Frequency Identification were patent ownership, the lack of standards, the need for return on investment measurements, increasing costs and poor infrastructure. With these challenges, companies became reluctant to use Radio Frequency Identification, and therefore they were more and more in doubt of performance from a possible adoption of it (Wu et al, 2006 in Kim, Hwang and Rho, 2016).
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With the expansion of the using of Radio Frequency Identification, companies which use this technology will have the tools available to monitor consumers in unprecedented fashion. 
According to Stermer (2001) in Kelly and Erickson (2005): 
‘Radio Frequency Identification technology actually can enable tracing of a product through the entire life cycle, from the production line all the way to the recycling center’
For companies, the fact of using Radio Frequency Identification is interesting because this technology has many challenges and potential benefits. According to Matta and Moberg (2005 in Osyj, Vijayaraman, Srinivasan and Dey, 2012), it exists two different and opposing forces about Radio Frequency Identification adoption which are firstly the promise that there are potential benefits, and secondly that there is a human resistance to Radio Frequency Identification adoption. The promise for the benefits RFID can deliver have increased since, in 2017, the Radio Frequency Identification market was expected to rise to £19.6 billion (Das and Harrup, 2005 in Osyj, Vijayaraman, Srinivasan and Dey, 2012). Compared to the bar code technology which is always used, Radio Frequency Identification technology has many advantages for consumers, retailers, and suppliers. Visibility improvement, customer service and security improvement, inventory management improvement, efficiency of business operations improvement, and improvement of costs for logistical operations are some of these benefits (Collins et al., 2010 in Osyj, Vijayaraman, Srinivasan and Dey, 2012). Furthermore, according to Michael and McCathie, 2005; Koh et al. , 2006; Visich et al. , 2009; Zare Mehrjerdi, 2009; Bhattacharya et al. , 2010 in Osyj, Vijayaraman, Srinivasan and Dey, 2012), there are other benefits of Radio Frequency Identification include: 
· With increased automation, labor reduction
· A better visibility of supply chains
· An automatic non-line-of-sight scanning
· Improvement of asset tracking 
· Improvement of item level tracking, targeted product recalls, and traceable warranties
· Improvement of quality control, regulation, reliability, durability, the capacity to hold more information 
· A better utilization of resources
When companies adopt Radio Frequency Identification technology, it is possible that there are issues and challenges which include equipment costs and software, technical problems, resistance to cooperation among different layers in the supply chain required to maintain information transparency, privacy concerns, and the lack of standards (Viehland and Wong, 2007; Michael and McCathie, 2005 in Osyj, Vijayaraman, Srinivasan and Dey, 2012). Factors which most influence the success of Radio Frequency Identification applications are standards, cost and privacy concerns (Kwang et al., 2010 in Osyj, Vijayaraman, Srinivasan and Dey, 2012).

Early practitioner and academic studies identified RFID as a tool that allows organizations to control the materials management process in a more efficient manner and were typically analyzed from an operational perspective of what cost savings the technology brings to the retail and consumer packaged goods (CPG) industries ([3] Belkin, 2004). As at result, some managers consider RFID to be a technology without notable benefits to end-users (customers). [25] Lee et al. (2008) noted that the customer-facing service-focused RFID applications have not received much attention. Along with focusing on improving efficiencies in the supplier management process, service organizations can employ RFID-enabled systems to identify and prevent service failures ([32] Ngai et al., 2008) and collect transaction data for service process improvements ([1] Amini et al. , 2007), thus enhancing the service effectiveness and the overall value proposition to the customer ([43] Tzeng et al. , 2008). Lowered operational costs, increased product availability and cleaner product data enabled by RFID systems not only benefit adopting organizations but also translate into benefits for the end consumer.
Managers today are facing difficult decisions about whether to adopt RFID or wait until the technology matures further. Uncertainties around future RFID developments can span strategy, technology, system implementation, data security, investment payback horizon, and human acceptance ([24] Lee and Ozer, 2007). [13] Ferguson (2006) suggests that "the business case spending on RFID is a raw guess," making ROI difficult to evaluate ([18] Hozak and Collier, 2008). Few reliable ROI analyses of RFID applications are available ([24] Lee and Ozer, 2007). Faced with uncertainty regarding whether RFID is ready to support their needs, managers may put off adoption, hindering broad adoption and scale economies that decrease costs ([17] Heim et al. , 2009). Various researchers ([53] Zare Mehrjerdi, 2010; [46] Vijayaraman and Osyk, 2006; [39] Sharma et al. , 2007; [50] Wu et al. , 2007) have conducted studies or reviewed the literature and determined that the most important RFID adoption factors include perceived benefits, costs, complexity, organizational size, external pressure, performance, compatibility, top management support and standards. To gain broad RFIDadoption, researchers and practitioners need to respond to simple questions such as "what can RFID do for customers?" and show how RFID applications can deliver benefits to the customer.
For a successful deployment of RFID, it is important to have a set of widely accepted standards and regulations, similar to the path of the progression of barcode standards ([31] Michael and McCathie, 2005). Many experts do not believe that the privacy issue is a big concern for RFID tags. For example, Wal-Mart will not be reading the tags at checkout and customers are expected to cut off the EPC hang tag when they leave the store, just as they would a normal price tag. However, there are advocates with privacy concerns across a wide range of industries. The concerns range from protecting the privacy of library patrons ([54] Zare Mehrjerdi, 2011b) to concerns that retailers could use this technology to collect data about their customers ([6] Bustillo, 2010).
For an organization implementing RFID systems, typical cost elements include the actual hardware, training, labor and software licenses ([14] Gaughan and Meunier, 2005). However, the cost of the chip still remains the biggest obstacle towards large-scale deployment for the adopting organizations that already focus on low margins ([22] Kumar et al. , 2009). Widespread use of RFID will increase competition and technical insight, drive down the prices further and increase the demand for a better market ([35] RFIDJournal, 2010).
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Europe’s leading vehicle manufacturer which is Volkswagen Group is working with IBM in order to improve the automaker's material logistics operations through the use of sensor technology. This new system has enhanced the carmaker’s efficiencies everyday operations as the goods-receiving stage. Towards a project between Volkswagen Group and IBM, Volkswagen introduced the use of sensor technology at its central logistics hall. Volkswagen Group is using Radio Frequency Identification tags in its shipping containers which carry auto parts for its vehicles. Readers automatically collect all information on the tagged containers at all key locations on the supply chain. 
These different locations on the supply chain are, firstly, at the supplier’s shipping department which include collection, during storage and installation on Volkswagen’s assembly line. Secondly, Radio Frequency Identification tags are used for the empty shipping containers when Volkswagen returns it to its suppliers after auto parts reception. 
There are around 3000 shipping containers with passive Radio Frequency Identification tags which are supplied by ITC (Intermec Technologies Corporation). To identify the containers and their contents, it is necessary to use forklifts, readers at the beginning of the manufacturing line, and mobile handheld. 

FIGURE N°1: Simplified Radio Frequency Identification process at the Volkswagen 
(Malte Schmidt, Heinz-Werner Ziemba; 2010)
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By daily using Radio Frequency Identification technology in the flow of materials between the manufacturing line and suppliers, Volkswagen drove innovation in its supply chain, furthermore the group became the first vehicle manufacturer to day-to-day use this technology. With this technology, quantity of paper documents and the need for barcode labels decreased, it is better for the planet. One long-term goal of Volkswagen Group is to stop using paper in its production and its logistics chain (RP news wires)


Volkswagen Group use Radio Frequency Identification technology with shipping containers but also with two other application which are vehicles traceability and prototype vehicles, a transponder equip all of these components. The company can identify at all times these components, from manufacturing to sales. Employees win many times when customers drive into the workshop because they just have to scan customers’ car Radio Frequency Identification transponder which is associated with customers’ details. 
 

‘Component containers are tracked from incoming goods to warehousing to production, while RFID gates and hand-held scanners make it easy to trace all parts.’


In 2017, Volkswagen equipped over 4000 experimental vehicles with transponders. The individual parts are always in motion, they pass through many employees and departments since it is necessary that cars be modified all the time. In term of innovation, it is a great innovation to can check which auto part is in which vehicle at any given time.

Volkswagen have to be brought on board in order to the Radio Frequency Identification supply chain works. Over 235 Volkswagen’s suppliers are already fit Radio Frequency Identification transponders to their products and they thus are involved thanks to the standards available. The German group provides the software for this free of charge and wanted that the number of suppliers which involve by the end of 2016 be to 400 (Hannovermesse.de, 2016).
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Handling of thousands of Radio Frequency Identification tags of shop floor are an example of the complexity issues of this technology, and in future it can be dealt. For that, it is necessary to incorporate it with “Radio Frequency Identification integrated cloud-based systems” (Guo et al., 2015 in Rafique, Zeeshan; Rahman, and Nizam; 2016). Furthermore, it could be interesting to propose in future lean implementation frameworks combined certain technology in order to achieve accurate initial investments and to minimize compatibility issues. Lean implementation frameworks will be good and helpful to initiate a simply Radio Frequency Identification.
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Since CIO’s Walmart announced RFID adoption at the Retail Systems Conference in Chicago in 2003, there are more and more companies which are using this technology. However the growth of Radio Frequency Identification was slow because industries delayed to use this technology owing to the necessity of resolving many concerns. Despite many concerns, Radio Frequency Identification is currently interesting because this technology has many challenges and potential benefits. This is evidenced by the fact that Volkswagen Group has decided to equip 3000 shipping containers, 4000 experimental vehicles with Radio Frequency Identification tags, and over 235 of its suppliers are already fit Radio Frequency Identification transponders to their products and they thus are involved thanks to the standards available. The application of information technology which is Radio Frequency Identification support innovation for competitive advantage in global logistics, and particularly in the automotive supply chain.
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Fig. 1: Simplified RFID process at the Volkswagen AG





