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Abstract: The topic of this paper deals with the processes innovation carried out by SMEs operating in the Prato 
textile and clothing district. In particular, through a pilot project, it has been examined the introduction of RFId 
technology and eBIZ standard for the reduction of the workload in the logistics centers and the improvement of 
information provided to the customer by the company's management. The study has allowed identifying a series of 
typical criticalities of most enterprises in the sector of textile and clothing in the Prato district (e.g. small size of the 
farms, family run, high externalization of the production, etc.). These determine longer production times and limit 
the acquisition of new customers now requiring a higher standard of service level (traceability of the product, 
information about the progress of the productive process, etc.). Moreover, the pilot study pointed out that the 
introduction of innovative technologies in terms of logistics and information flow management (RFId and eBIZ) can 
allow the company to have immediate benefits: i) reducing costs and production time, ii) allowing a greater flexibility 
to the increasingly customers demands, iii) providing a more accurate control of apparel products. These results will 
allow the company to introduce RFId technology and the adoption of the eBIZ standard to optimize the production 
logistics and information exchanges with the customer.  
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1. Introduction 

The dynamic nature of fashion retail creates major 
challenges for supply chain management (SCM). The 
product variety is wide, and the demand for certain 
products is virtually unpredictable and highly volatile. 
Many countries have short seasons and the products have 
to be in the stores by the start of each one. At the same 
time, the industry is suffering from long lead times of up 
to six months when sourcing from offshore production, 
thus forcing fashion retailers to plan their supply based on 
blurred forecasts. Some models and sizes end up being 
produced in excess while others run out far too soon, 
resulting in lost sales and forced markdowns at the end of 
each season, out-of-stocks and high inventory-carrying 
costs (Christopher et al., 2004; Brun and Castelli, 2008). 

In order to be competitive in such environment, fashion 
companies have developed different approaches to 
enhance responsiveness. A responsive company is able to 
react rapidly within the available range of four external 
flexibility types: product, mix, volume and delivery, in 
response to an external stimulus (Reichhart and Holweg, 
2007). In addition to forecasting, a common requirement 
for responsive solutions are the track & tracing of the 
inventory movements within all the supply chain. In order 
to be responsive, the information between supply chain 
actors has to move fast and it must be correct; obtaining it 
requires the use of tracking systems (Holmström et al., 
2010). In fashion retailing the most common adopted 
solution and the most cost-efficient way to track physical 
flows at item level is to adopt Radio Frequency 
Identification (RFId) (Rinaldi and Bandinelli, 2015). 

Fashion retailers that have been particularly successful in 
benefitting from RFId tracking operate highly integrated 
supply chains with suppliers, distribution centres (DCs) 
and retail stores under the direct control of the retailer 
(Azevedo and Carvalho, 2012). 

At the same time in the scenario of data exchange for 
eBusiness interoperability, standard play a relevant role in 
creating a favourable environment: they are perceived as a 
guarantee for investments when companies buy eBusiness 
solutions. This is especially true when the collaborating 
companies are small and not able to impose a data format 
to the community. In order to tackle this problem, in 2008 
the European Commission launched a standard named 
the eBIZ-TCF project.  

Therefore, the goal of this paper is to verity, through a 
pilot project, the advantages of a mutual adoption of the 
RFId technology and the eBIZ standard, is the 
Texile/Clothing sector that it was characterized by: 

 Large presence of SMEs in the network; 

 Long and segmented value chain; 

 The existence of different standards that are 
valid only for parts of the value chain. 

European manufacturing SMEs need to create flexible 
and reactive industrial networks to remain competitive on 
the market and to gain advantages from new business 
models and new connections established within the 
industry networks. This article presents a model of the 
information flows that, even if it is realized analysing a 
single company, underlies the creation of production 
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chains between thousands of small textile firms located in 
Prato, central Italy. 

In Section 2, the main features of the district of Prato and 
the status of the art of innovative technologies in terms of 
logistics and information flow management (RFId and 
eBIZ) are described. Section 3 illustrates the research 
methodology; whilst empirical findings are presented and 
discussed in Section 4. Section 5 concludes the paper with 
some policy remarks and suggestions for the future 
research agenda. 

2. Status of the art  

2.1 Industrial background 

The textile-apparel industry represents traditional 
manufacturing in some of the European Union (EU) 
member countries. Recently, however, this industry is 
facing important challenges that may have strong impact  
on its own ability to survive and perform at an efficient 
level particularly in its operational function. 

The crisis in these industries is due to the need to adapt to 
the changes introduced by the internationalization of 
markets and technological change. In addition, these 
industries have two important identifying characteristics.  

First, the textile-clothing industry tends to locate 
production in territorial industrial districts (Callejón and 
Costa, 1995). According to the Eurostat regional statistics, 
some clear examples of geographical concentration of the 
textile sector in EU regions are: Norte (Portugal); Veneto, 
Piemonte, Toscana and Emilia-Romagna (Italy); Nord-
Westfalia, Bavaria and Baden-Württemberg (Germany); 
East Midlands and Lancashire (UK); Nord-Pas-de-Calais 
(France); and the Spanish regions of Cataluña and 
Comunidad Valenciana. 

Second, the various production tasks that integrate the 
textile value chain have a heterogeneous and interrelated 
character. All of them draw attention to significant 
differences in technological or labour intensity and 
operational decision making between the textiles and 
apparel industries, or between those operational activities 
in the initial stages of the value chain (yarn and finished 
products) and those pertaining to the final stages of 
production (clothing and distribution). These elements 
suggest that the impact of globalization on the operational 
decision making and performance of textile firms will be 
influenced by the firm’s main manufacturing activity 
(subsector) and by the firm’s location (district). 

In particular, the district, located in Tuscany, includes the 
province of Prato, as well as some municipalities in the 
provinces of Florence and Pistoia. The district comprises 
over 8,000 firms, whose manufacturing specialization 
includes yarn for the knitting industry, fabric for the 
clothing industry, textile products for furnishing, 
nonwoven cloths, special cloths for industrial uses, and 
knitting goods. 

The Prato district still represents the first Italian district in 
terms of production volume, number of actors and ability 
to export textiles. This despite the trend in the 2000s, 

especially from 2001 to 2003, has shown a decrease of 
27% of foreign sales and an increase the quantity and 
value of district textile imports (Scarpinato, 2008). 
Moreover, the firms located in the district covered the 
20% of the world exports of wool fabrics. Additionally, 
Prato is one of the oldest industrial districts: its history 
dates back to the XIII century and has been characterized 
by continuous evolution (Becattini, 2000). The current 
structure of the district is marked by high fragmentation 
of productive activities among a large number of SMEs. 
This situation resulted from the adaptive reaction to the 
changes that affected the textile markets after the II World 
War (Becattini, 2000). The need to cope with quantitative 
and qualitative variability of demand in international 
markets induced integrated fabric manufacturers to 
outsource a large number of operations to local 
specialized smaller suppliers. 

2.2 eBIZ Standard 

Collaboration between IT systems can be obtained 
through at least two different paths (Chen et al., 2008): 
Integration (where the concepts are tightly coupling, 
coordination, coherence and uniformization of elements 
of the IT systems) and Interoperability (where the 
concepts relates to loosely coupling, coexistence, 
autonomy and federated environment). 

The Interoperability approach aims to affect only the 
interfaces between the systems, so that they could remain 
independent systems, better able to operate within open 
communities (Brutti et al., 2012). This is the case of 
Textile and Clothing (TC) industries where the European 
industry associations as well as other technological and 
standardization actors have been promoting initiatives on 
interoperability, both from the technological and scientific 
point of view (European projects like Moda-ML, Shoenet, 
CecMadeShoe) and from the standardisation side (CEN 
WS TexSpin, TexWEAVE, FINEC and FINEC2).  

In order to tackle this problem, in 2008 the European 
Commission (DG Enterprise and Industry) launched a 
first standard based interoperability initiative to 
“harmonise eBusiness in the European Textile Clothing 
and Footwear industry”, named the eBIZ-TCF project.  

This project gave the possibility to collect all the 
outcomes of previous initiatives, identifying a common 
Reference Architecture (RA) and deploying it with a large-
scale experimentation involving more than 150 
organizations within 20 European countries and whose 
results and cost-benefits analyses were collected and 
published. This activity evidenced the largest benefits can 
be achieved when a critical mass of adopters is in place. 
More information regarding the importance of 
information exchange and the applicability of eBIZ in 
SMEs can be found in (Ponis et al., 2012), where a pilot 
project in the clothing sector is presented.  

2.1 RFId Technology 

Supply Chain Management (SCM) aims to control 
different functions of the supply chain with the goal of 
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enabling timely and reliable delivery of products from 
manufacturer to customer (Stock and Boyer, 2009). 

Currently, tracking systems are generally developed using 
different types of barcodes, even if the use of more 
technically advanced, RFId-based tracking is increasing 
rapidly despite the added cost. An RFId tracking system 
has three essential components: the tag (or 
“transponder”), the reader device, and the back-end 
computer system (Van Dorp, 2001). Unlike the barcodes, 
that require visual contact between reader and code, no 
line of sight is needed for RFId-tagged items; therefore, 
dirt and wear are not a problem. 

Another fundamental benefit of RFId over the most 
common barcodes used in retail is that all RFId identifiers 
are unique (Johansson and Pålsson, 2009). The aim of 
RFId tracking system research has been to create an open 
standardized system that covers the entire supply chain 
and that is an integral part of interorganizational 
operations. According to a report by IDTechEx, the 
fashion and apparel industry has been the most active in 
integrating RFId tracking as part of its SCM operations, 
with RFId penetrated about 7% of the total addressable 
market for apparel in 2014, and about 100 organizations 
tagging apparel in trials and rollouts adopted this tracking 
system (Harrop and Das, 2013). 

Almost all of these RFId solutions aim to reduce errors in 
handling operations and shipments, bringing better 
inventory accuracy to stores and DCs. This in turn 
reduces the probability of out-of-stock situations and cuts 
the cost of lost sales. Another stated aim of many of the 
reviewed solutions is to improve handling efficiency in 
DCs and receiving shipments in stores. This functionality 
is important as it offers both savings in labour costs and 
reduces delivery times. Retailers implementing RFId 
tracking solutions in retail stores also expect to decrease 
shoplifting, and to improve the purchasing experience of 
consumers by offering better information about available 
products. 

In summary, RFId tracking can speed up, streamline and 
improve the existing processes, for example in the 
warehouse, and is thereby beneficial in shortening 
unreasonably long lead-times that are typical of the 
fashion industry. Tracking also assists in collecting precise 
data on store inventory and consumers’ shopping and 
buying behaviors, enabling more precise forecasts and less 
out-of-stocks (Sarac et al., 2010; Azevedo and Carvalho, 
2012). However, for retailer companies in general, 
building and adopting tracking systems is not easy because 
they usually have limited knowledge of the technology and 
its possibilities (Visich et al., 2009), and to develop an 
actual business case might turn out to be difficult for 
many retailers constrained by a diverse supplier base and 
network of LSPs and retail channels. 

3. Methodology  

The pilot project subject of the case study was born from 
a collaboration between a fashion company named 
Fashion & Co, and one of its faconist, named Cunningam. 

The aim of the project is to enhance information sharing 
and collaboration among members of the supply chain 
with automated data collection and transmission 
characteristics. To achieve this goal the following 
technologies and standards were used: RFId for 
traceability of process, the eBIZ standard to integrate 
information flows between the companies. 

According to the BPR (Business Process Reengineering) 
methodology, for each firm examined, the current (AS IS) 
supply chain processes and related performance were first 
analyzed. Then, re-engineered (TO BE) scenarios were 
developed considering the adoption of RFId technology 
and eBIZ standard for process automation. 

Through RFId technology it is possible to automate 
Cunningam internal and external logistic processes and to 
manage efficiently, minimizing costs, and effectively, 
offering the consumer a level of service consistent with its 
expectations; all the activities required to move, from 
point of origin to the destination, the physical flow of 
final items, and semi-finished products. 

The project involved the application of the methodology 
according to the steps described above, starting from 
mapping the physical and information processes currently 
found in Cunningam (AS-IS). At the beginning of the 
project, it has been decided to link the RFId tag to an 
additional label and its dimensions have been set. 

The second step of the project has been the process 
mapping, in order to identify and catalog all the chemical, 
thermal and mechanical stresses to which RFId tags are 
subjected. In the specific case of Cunningam, the ironing 
processes were characterized by thermal stress, thus a tag 
able to resist this has been selected. 

Once identified the tag characteristic, several commercial 
RFId tags have been analyzed, in order to classify their 
performances, highly dependent on the type and material 
(for example the presence of metals) of the packaging or 
of the tagged product. For the choice of the tags, the 
following characteristics have been taken into account: 

i) the ability to withstand the stresses identified 
tags;  

ii) on the tag's ability to have good performance in 
terms of reading;  

iii) on requests for Cunningam about the dimension 
of the tag;  

iv) on the fashion case studies of implementation of 
RFId technology that shared the same 
characteristics of our company. 

Based on the needs described above, it was decided to use 
the SKL4020 tag (UHF operating at a frequency 860 ÷ 
960). The choice fell on this tag because it is very popular 
in the fashion world and contains all the features required 
by the company in terms of size and thermal stresses. 

Finally, hypotheses on the RFId positioning holes has 
been proposed. The first hypothesis is to deploy the RFId 
readers incoming and outgoing from the ironing room 
and entry and exit from the warehouse to Cunningam. At 
the same time, the possible exchange of information 

XXI Summer School "Francesco Turco" - Industrial Systems Engineering

158



among Fashion & co and Cunningam about the state of 
progress of the production has been defined. 

4. Results and discussion  

For the testing phase two hundred chiefs available in 
stock were chosen. These chiefs were identified for their 
heterogeneous characteristics (hanging and folded 
garments) and also because the presence of critical issues 
for tags reading as metal plates, buttons and metal belts.  

At the same time, all the various types of secondary 
packaging were selected and the ways in which the heads 
were moved during the production have been listened. 

The identification of the secondary packaging was needed 
in order to define the tests to be carried out. The methods 
of packaging that have been selected and tested were the 
followings: 

 Trucks containing not more than 250-300 items; 

 Drying racks that contain at most 50 items; 

 Box in hanging, used for the items containing at 
least 40 heads; 

 Cardboard box (78x57x40), used for the 
packages containing maximum 70 items. 

The experimentation of the tag was carried out at the 
LogisLab laboratory. There, it has been placed a passage 
composed of four antennas and a reader (Impinj 
Speedway R420) connected with a PC.  

Two types of test have been carried out on the items: 

 Inventory test: it is the default test that performs 
the Impinj reader. This type of test is useful to 
evaluate the tag reading and determine if tags can 
be recognized in a particular point of the item.  

 Margin test: it is a test conducted by placing the 
tag in a fixed position (not moving the tag during 
the reading) in the center of the RFId gate. In 
this test, it was necessary to define an initial 
power (no less than 10 db) and a final one (no 
more than 32.5 db). 

The first test was performed to verify that the tag was able 
to resist to thermal stresses incurred in ironing. More 
specifically, the two hundred heads on which the tags 
were sewn passed under the RFID passage. Then, the first 
Inventory test was made by four steps to verify the correct 
reading of all of the tags. Four steps were selected because 
when many tags have to be read in a single passage, the 
probability that not all tags are identified increase. The 
results obtained from the Inventory test, carried out with 
four steps, showed no particular criticality in terms of tags 
reading on all of the items. 

Through the Margin test, it was possible to understand if a 
lower power than the maximum set in the Inventory test 
(30db), could be reliable for reading all the tags present in 
each configuration. A lower power of the antennas it is 
very important for decreases their reading distance and to 
not read other tags not related to the items to be 
inspected. The results showed that correct readings of the 
tag could be obtained lowering up to 28 db (Tab.1). 

Table 1: Margin Test 

 

Subsequently, a second Inventory test has been done with 
a single step under the RFId passage and simulating a 
speed, which could reflect that used by the employees 
during the normal activities in the company. Despite the 
reduction in reading steps, the results did not show any 
particular criticality in terms of the tag reading (Tab. 2). 

In addition, the second Margin test performed with one 
single reading pass did not shown any difference from the 
previous one (data not shown). 

Table 2: Inventory test 

 

For the introduction of eBIZ standards, the first step was 
to attend a short course at the office of ENEA in Bologna 
to figure out the optimum method of using eBIZ and 
identify the next steps for its introduction. The first 
activity of eBIZ experiment was the mapping of 
information flows currently in use in the company (AS-IS) 
both for the upstream (collection development) and 
downstream (production) processes. After mapping the 
information streams, the supplementary documents, 
which could be exchanged between Cunningam and 
Fashion & Co using the introduction of RFId technology, 
have been identified. Understanding the exchanged 
information flow is fundamental to decide which 
documents have to be moved to a digital format and 
exchanged according to the eBIZ standard.  

Once the documents to be exchanged have been chosen, 
first the inter-company collaborative processes on the 
Moda-ML website were analysed, in order to choose 
which ones were to implement entirely, in part or to be 
partially changed. One of the main challenge of this pilot 
project was to adapt the already standardized documents 
to the Cunningam case. In fact, most of the documents on 
the eBIZ database are related to the raw material 
information flow exchange, whilst there are no documents 
relating to the finished product exchange. Therefore, 
based on Cunningam suggestions, a first document to be 
encoded with the XML language has been selected. More 
specifically, within the Moda-ML documents, the 
"Arrangement Knitwear / Package" document, has been 
used to encode the total purchase order, sent by Fashion 
& Co to Cunningam. Finally, on the purchase order 
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document it has been identified which were the fields 
corresponding to the elements of the XML schema, and it 
was verified that all the elements marked as mandatory in 
the XML were present in the document purchase order. 
Thanks to the support of ENEA CROSS-TEC laboratory, 
it has also achieved a xml created with the values of the 
elements within the profile of use made. As a result, 
purchasing orders information flow digitalization, 
integrating the XML into the ERP, have been defined. 

5. Conclusion  

The study conducted has highlighted a number of critical 
aspects typical of most companies in the textile and 
clothing sector in the Prato district. Certainly, the small 
size of farms and family farms have not promoted the 
introduction of new technology to support the 
optimization of the production processes. This 
determines, internally, more production time mainly due 
to the use of tools such as barcode readers, which will 
surely lengthen the inspection time of goods along the SC 
and increase the risk of operator errors. 

Moreover, this reduced use of new technologies has also 
affected the acquisition of clients who now demand high 
service level standards (traceability of the product, 
information on the progress of the production process, 
etc.). Another critical aspect it is related to the exchange 
of information that still takes place by telephone or 
electronic mail. The pilot project demonstrate that all of 
these problems could be reduced by the introduction of 
innovative technologies in terms of logistics and 
information flow management, such as the RFId 
technology and standards eBIZ subject of this paper. 
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