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Abstract: Companies operating in the metallurgical industry produce and move high amounts of materials. 
Since verifying exact history, location and application of products is a hard task for such companies, they 
generally benefit from introducing and utilising effective product traceability systems. 
In this paper, we present and discuss the main results of an empirical survey among 69 Italian metallurgical 
companies, aimed at: a) quantifying material and information flows normally processed by companies; b) 
analysing suitability of current traceability systems to an effective traceability process; c) identifying major 
criticalities of current traceability processes; d) investigating influence of company size, phase of the supply-
chain and suitability of traceability system on the extent of such criticalities. 
Briefly, results indicate that products specialization affects material flows along the supply-chain. Moreover, 
traceability systems adopted by the sample are mainly suitable to an effective traceability process. However, 
some criticalities of current traceability processes do not depend on company size, phase of the supply-chain 
or suitability of traceability system. 
At last, a comparison among the survey sample and a reference population shows that our results are a 
benchmark for such companies. Future research on the paper topic is also suggested. 
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1. Introduction 

1.1. Traceability process 

According to ISO 9000, traceability is «the ability to 
identify and trace the history, distribution, location, and 
application of products, parts, and materials» (ISO, 2005). 
Traceability usually involves two distinct processes: 

• tracking, which aims at collecting and storing 
identification data of an item; 

• tracing, which aims at reconstructing the history of an 
item and/or its components through tracked data. 

Traceability process can be also divided in (Moe, 1998): 

• internal traceability, which refers to tracking and tracing 
items within the production process of a company; 

• external traceability, which aims at assuring product 
traceability during all storage, production, distribution 
and sales processes in a supply chain. 

To implement an effective traceability process, the 
following conditions are required (Caplan, 1989; Steele, 
1995): 

1. physical batch integrity in any phase of storage, 
production, distribution and sales processes; 

2. data collection about materials handling (batch-tracking 
data) and production activities (process data); 

3. cross-referencing of batch tracking and process data 
to physical batches; 

4. implementation of data storage and reporting 
processes. 

Several authors suggest that importance of traceability 
process depends on the nature of items. In particular, 
valuable items (Juran and Gyrna, 1988), core components 
or items with high replacement costs (Williams, 1990) and 
long-life items (Jönson, 1985) require accurate and timely 
traceability. 

1.2. Benefits of traceability systems 

An effective traceability system allows a company to: 

1. reduce logistics and production costs of recalling 
defective products (Jacobs and Mundel, 1975; 
Siomkos and Kurzbard, 1994); 

2. provide evidence in the event of product liability 
claim, according to current legislation (EC, 1985; 
Töyrylä, 1999); 

3. improve quality of products and efficiency of 
production processes (Wall, 1993; Kendrick, 1994). 
Indeed, according to ISO 9001, implementation of a 
traceability system is a requirement for quality 
certification (ISO, 2008); 

4. improve product marketing through certification of 
product origin. This is particularly true of companies 
with relevant product safety issues, such as agro-food 
companies (Wilson and Clarke, 1998); 

5. increase visibility on processes carried out in any 
phase of the supply-chain (Florence and Querée, 
1993; Dürr, 1997); 
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6. avoid product counterfeit through specification of 
company and product information on tags or in 
accompanying documents, such as delivery notes. 
This is particularly true of indistinguishable products, 
such as metal ones (CEN, 2005a; CEN, 2005b). 

1.3. Research motivations 

High amounts of material are produced and moved by 
metallurgical companies. Moreover, metal products have a 
wide range of industrial and domestic applications and 
their chemical composition and physical characteristics are 
often standardized. 

So, metallurgical companies potentially benefit from 
implementing and using effective traceability systems, 
despite large effort required to track information. 
However, lack of references concerning product 
traceability in metallurgical industry suggests that this 
topic needs to be further explored. 

Therefore, our research aims at: 

a) quantifying material and information flows normally 
processed by companies; 

b) analysing suitability of current traceability systems to 
an effective traceability process; 

c) identifying major criticalities of current traceability 
processes; 

d) investigating influence of company size, phase of the 
supply-chain and suitability of traceability system on 
the extent of such criticalities. 

2. Research methodology 

2.1. Overview 

We carry out a survey among Italian metallurgical 
companies, regardless of supplied industry. 

First of all, we collect general information about 
respondents and their companies, e.g. personal data, 
company’s core business, size and turnover, etc. 

Then we ask respondents to estimate ingoing and outgoing 
material and information flows and to characterize information 
tracking modalities and origin of traceability systems adopted by 
their companies. 

At last, supplementary case studies are conducted in 
collaboration with 13 companies selected from the survey 
sample. The case studies aim at analysing traceability processes 
adopted by the companies and identifying their major 
criticalities. Each case study is carried out through a 
structured interview to traceability process supervisor. 

We analyse statistical distribution of all answers through 
histograms and carry out data stratifications by company 
size and phase of the supply-chain. We also test statistical 
significance of answers to confirm their relevance for 
metallurgical companies. 

2.2. Conceptual model 

In order to stratify results by phase of the supply-chain, 
we classify the survey companies according to the 
following categories: 

• ore-mining companies: mining of metal ores; 

• refineries: production of metal with predefined 
chemical composition from either scrap metal or 
ores; 

• metal traders: storage and trading of metal. Simple 
cutting and/or drilling operations may be also 
performed by these companies; 

• metal producers: melting and/or plastic deformation 
processes aimed at making semi-finished products; 

• metalworking companies: plastic deformation and/or 
chip removal processes aimed at making finished 
parts and components; 

• users: utilization and/or assembling of metal parts and 
components. 

By considering the six categories above, we create the 
model of metallurgical supply-chain shown in Figure 1. 

 

Figure 1. Conceptual model of metallurgical supply-chain 

3. Results 

3.1. The sample 

Our sample consists of 69 Italian metallurgical companies, 
which are mainly located in Lombardy (62%) and other 
Northern-Italy regions (33%). Most of the sample 
companies are medium- and-large-sized (85%) and supply 
automotive (58%) and/or building industry (54%). Table 
1 summarizes sample composition. 

Table 1. Sample composition 

No. of companies 69 
Company size: 
- small (<50 employees or <10 M€ turnover) 
- medium (<250 employees or <50 M€ turnover) 
- large (≥250 employees and ≥50 M€ turnover) 

 
15% 
33% 
52% 

Company location: 
- Lombardy 
- other Northern-Italy regions 
- Central-Southern Italy 

 
62% 
32% 
4% 

Supplied industry (multiple choices available): 
- automotive 
- building 
- rail 
- firearms 
- others 

 
58% 
54% 
20% 
17% 
7% 
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As shown in Figure 2, sample companies are mainly metal 
processing companies (30%) or metal traders (26%). On 
the contrary, there is no ore-mining company in the 
survey sample: for practical purpose, this category will not 
be considered hereinafter. 

 

Figure 2. Sample subdivision by phase of the supply-chain 

3.2. Material and information flows 

The first aim of our research is to quantify material and 
information flows normally processed by the sample 
companies. 

As regards material flows, we analyse: 

• ingoing material: material received from suppliers, 
except for reworking of nonstandard material; 

• outgoing material: material transferred to customers, 
except for reworked material; 

• returned material: nonstandard material received from 
customers; 

• material complaints: supplied material subject to 
complaint, regardless of complaint result. 

Figure 3 and Figure 4 summarize average material flows 
processed by companies. It should be noted that: 

• metal traders are placed between refineries and metal 
producers for practical purposes; 

• respondents were asked to estimate ingoing and 
outgoing flows, so the difference between them does 
not equal quantity of wasted or reworked material. 

We notice that refineries handle considerably higher 
material flows than other companies. Moreover, average 
ingoing and outgoing material flows managed by a single 
company decrease considering metal producers, 
metalworking companies and metal users respectively. 
This is mainly due to the increasing specialization on a 
specific product application considering downstream 
phases of the supply-chain. 

Refineries, metal producers and metalworking companies, 
which significantly transform physical and chemical 
structure of material, also receive large amounts of 
nonstandard material from their customers. 

As concerns material complaints, metalworking 
companies challenge the highest amount of material, 
probably because detection of manufacturing defects 
becomes easier at their phase of the supply-chain. A 
significant amount of material is challenged also by 
refineries, mainly due to notable ingoing material flows, 

and by metal traders, basically because they hold other 
companies responsible for production processes carried 
out on material. 

 

Figure 3. Ingoing and outgoing material flows 

 

Figure 4. Returned material flows and material complaints 

To characterise information flows, we analyse both data 
type and information tracking modalities adopted by 
companies. As regards data type, we identify: 

• basic identification data, which cannot be deduced from 
other information: 
o production date: date and time at which material 

was produced; 
o casting ID: identification number of the casting, 

which is related to chemical and physical 
composition of metal; 

o shape: geometrical shape and dimensions of 
material. 

• additional identification data, which can be deduced from 
basic identification data listed above: 
o batch ID: identification number of material batch; 
o production line ID: identification number of the last 

production line that has processed material; 
o supplier: name of material supplier. 

Data listed above can be tracked according to the 
following modalities: 

• full tracking: information is tracked at receiving and at 
all phases of production process; 
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• partial tracking: information is tracked either at 
receiving or at a specific phase of production process; 

• not tracked: information is not tracked at any phase of 
production process. 

Results of information flows analysis are shown in Figure 
5. We notice that supplier name is the most frequently 
tracked information. On the contrary, production line ID 
is tracked by a limited number of companies, mainly 
because metal traders and users (26% and 16% of the 
sample companies respectively, see Figure 2) are not 
interested in such information. 

Other data (production date, casting ID, shape, batch ID) 
are tracked by most of the sample company, although 
tracking of such data is mainly partial. 

 

Figure 5. Information flows characterization 

Answer stratification by company size shows minor 
differences among small-, medium- and large-sized 
companies, as concerns modality of data tracking. 

A supplemental stratification by phase of the supply-chain 
highlights that metal traders and users are more likely to 
adopt partial tracking of information than other 
companies. 

3.3. Traceability systems 

The second aim of our survey is to analyse suitability of 
current traceability systems to an effective traceability 
process. 

To do so, at first we analyse origin of traceability software, 
according to the following categories: 

• external supplier: the company has purchased a 
software specifically made by an external company; 

• internal developer: the company has internally designed, 
programmed and implemented their own software; 

• not present: the company has not installed any specific 
traceability software. 

Figure 6 summarizes origin of traceability systems by 
company size. Results highlight a gap among small-sized 
companies and larger ones. 

Medium- and large-sized companies mainly implement 
purchased software (50% and 53% of companies 
respectively). On the contrary, small-sized companies are 

less computerized, since 28% of them have no specific 
traceability software. Moreover, the choice between a 
purchased software or an internally developed one seems 
to be quite indifferent for such companies. 

 

Figure 6. Origin of traceability software by company size 

Stratification of traceability software origin by phase of 
the supply-chain is shown in Figure 7. Results indicate 
that refineries, metal producers and metalworking 
companies extensively implement traceability software. 
Those companies also prefer purchased software to 
internally developed ones. On the contrary, metal traders 
and metal users are more likely to internally develop their 
own software or to neglect any implementation than other 
companies. 

 

Figure 7. Origin of traceability software by phase of the 
supply-chain 

To verify whether traceability system adopted by the 
survey sample is suitable to an effective traceability 
process, we consider the following analysis dimensions: 

• approach to traceability process: 
o computerization: traceability software is installed, 

regardless of its origins (external supplier or 
internal developer); 

o manual tracking: no specific traceability software is 
installed; 

• information coverage: 
o sufficient: all basic identification data are fully or 

partially tracked, regardless of tracking modalities 
of additional identification data; 

o insufficient: at least one among basic identification 
data (production date, casting ID, shape) is not 
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tracked, regardless of tracking modalities of 
additional identification data. 

By considering any combination between approach to 
traceability process and information coverage, we obtain 
the four traceability system classes listed in Table 2. 
Percentage distribution among the sample companies is 
also shown in this Table. 

Table 2. Traceability system classes 

Traceability 
system class 

Approach 
Information 

coverage 
% 

Suitable Computerization Sufficient 55% 
Ineffective Computerization Insufficient 24% 
Inefficient Manual tracking Sufficient 12% 
Unsuitable Manual tracking Insufficient 9% 
 

We notice that traceability systems adopted by the survey 
sample are mainly suitable (55%), i.e. tracking activities are 
automated and all basic identification data are recorded. 
However, a significant share of the sample has either an 
ineffective (24%) or an inefficient (12%) traceability system. 
Ineffective systems are automated but do not track some 
basic identification data; on the contrary, inefficient 
systems allow tracking of basic data but are not computer-
based. At last, 9% of sample companies have an unsuitable 
system, i.e. it lacks both effectiveness and efficiency. 

Data stratification by company size and phase of the 
supply-chain highlights that: 

• medium- and large-sized companies are more likely to 
implement a suitable traceability system than small-
sized ones; 

• most of refineries and metal producers implement a 
suitable system, whereas a significant share of 
metalworking companies and metal users implement 
ineffective systems; metal traders have widely 
inefficient or unsuitable systems 

3.4. Criticalities of current traceability processes 

The last aim of our survey is to identify the major 

criticalities of traceability processes currently adopted by 
the sample companies. For this purpose, we carry out 13 
case studies among companies selected from the sample. 

Table 3 provides information about the studied 
companies, which names are omitted for privacy reasons. 
Results of the case studies are also summarized in this 
Table. 

We identify six major criticalities concerning current 
traceability processes: 

1. waiting time for batch identification forced by hot 
working processes; 

2. mixing of material included in different batches; 
3. manual tracking operations; 
4. lack of information integration in internal and/or 

external traceability processes; 
5. impossibility of direct control on outsourced operations; 
6. accidental loss of identification tags. 

Each criticality is abbreviated in Table 3 by adopting the 
same numeration of the list above. 

By analysing results of the case studies, we notice that: 

• material mixing is the most diffused criticality among 
studied companies and it is independent of company 
size and phase of the supply-chain; 

• some criticalities do not depend on suitability of 
traceability system. For instance: 
o material mixing and loss of identification tags are 

caused by human errors; 
o waiting time for batch identification forced by 

hot working processes cannot be removed due 
to a physical constraint. 

As a consequence, implementation of a suitable 
system is necessary but not sufficient for an effective 
traceability process; 

• lack of information integration and impossibility of 
controlling outsourced operations involve an entire 
supply-chain rather than a single company. So, these 
criticalities can be solved through vertical integration 
among a company and its customers and suppliers. 

Table 3. Case studies: summary 

Company characterization Traceability 
system class 

Criticality ID No. of 
criticalities ID Size Phase 1 2 3 4 5 6 

A Large 
Refineries 

Suitable � � - - - - 2 
B Large Suitable � - � - - - 2 
C Medium 

Metal traders 
Unsuitable - - - � - - 1 

D Medium Unsuitable - � � - - � 3 
E Large 

Metal producers 
Suitable � � - - - - 2 

F Large Inefficient - � - - - � 2 
G Large 

Metalworking 
companies 

Suitable - � - - � - 2 
H Large Suitable - � - - � - 2 
I Large Ineffective - � - � � - 3 
J Large Inefficient - � � - - - 2 
K Large 

Metal users 
Suitable - - - - - - - 

L Large Suitable - � - - - - 1 
M Medium Suitable - � - - - - 1 

No. of occurrences 3 10 3 2 3 2  
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4. Conclusions 

4.1. Discussion 

Our paper provides an empirical assessment about 
traceability processes currently adopted by a sample of 
Italian metallurgical companies. In particular: 

1. ingoing and outgoing material flows handled by a 
single company tend to decrease along the supply-
chain due to increasing products specialization; 

2. refineries, metal producers and metalworking 
companies extensively adopt traceability software and 
track almost all basic identification data of products. 
As expected, most of their traceability systems are 
suitable to an effective traceability process; 

3. metal traders and users seem to be less interested in 
product traceability than other companies, probably 
because they handle minor material flows and can 
hold other companies responsible for production 
processes carried out on material; 

4. medium- and large-sized companies tend to 
implement traceability software more frequently and 
to have more suitable traceability systems than small-
sized companies; 

5. some criticalities of current traceability processes 
depend on human errors, physical constraints of 
material and limited integration among a company 
and its customers and suppliers. So, metallurgical 
companies should pay attention to such criticalities, 
regardless of suitability of their traceability systems. 

4.2. Limitations and future research 

Table 4 shows the results of comparing our survey sample 
to a reference population, consisting of 20,458 selected 
Italian metallurgical companies. 

Table 4. Comparison between survey sample and reference 
population 

 Sample 
Reference 
population 

No. of companies 69 20,458 
Company size: 
- small 
- medium 
- large 

 
15% 
33% 
52% 

 
76% 
19% 
5% 

Company location: 
- Lombardy 
- other Northern-Italy regions 
- Central-Southern Italy 

 
62% 
32% 
4% 

 
32% 
43% 
25% 

 

As Table 4 suggests, the major limitation of our research 
is that, despite large effort to persuade managers, a limited 
number of companies answered to our survey: as a 
consequence, statistical significance of our results cannot 
be assured. However, results of our analyses can be used 
as a benchmark for Italian metallurgical companies. 

Starting from this consideration, future research on this 
topic includes: 

1. continuing the same study in order to increase the 
sample and obtain statistically significant results; 

2. conducting similar studies within other industrial 
sectors and/or countries in order to highlight any 
difference among companies operating in different 
industries and/or countries. 
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