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6. EU directives and  
harmonisation work 
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1 FIRST STEPS 
 
The first step towards introducing a track-and-
trace system always takes place in the decision-
making bodies of the explosives manufacturer. 
The reasons for thinking about such a far-reaching 
decision are very diverse. There can be issues of 
competitiveness as well as compliance. 
     All globally active explosives manufacturers 
use track & trace systems to varying degrees. For 
example, the export of explosives to the European 
Union, Brazil, and other countries is only allowed 
if traceability down to the unit level is guaranteed. 
In addition, the system must meet well-defined  
requirements. 
     Once the decision has been made to introduce a 
track & trace system, the following fundamental 
questions must be clarified, which serve as a basis 
for the further project steps: 

−  Should the track & trace system be              
introduced company-wide or only for specific 
production sites and products? 

−  What are the minimum legal requirements to 
be met in the company’s own country or  
concerning export countries? 

−  Should the project be implemented by the 
company’s own IT department or with the 
help of external service providers? 

−  Is there a willingness to invest considerable 
financial resources? 

−  In what time frame should the                    
implementation be carried out? 
 

2  THE PREPARATION PHASE 

Once the basic questions have been clarified, the 
first steps must be taken to launch the project. The 
basis for further project steps is creating a scope of 

Implementation of track & trace solutions in existing  
production environments 
 
F. Hirthammer 
TTE-Europe GmbH, Dresden, Germany 
 
 
 
 
 
 
ABSTRACT: A few years ago, the term ‘track & trace’ for explosives was only known in Europe and 
Brazil at most; now, the introduction of this technology is experiencing an undreamed-of boom      
worldwide. As a result, more and more countries are enacting legislation to introduce track & trace of  
explosives. However, this development is associated with considerable expenditure by the explosives 
manufacturers. New equipment for marking the explosives and digitally recording the data must be        
integrated into the production process. This should be done as inexpensively as possible, without reducing 
production capacity and speed, and with as little change to the procedures as possible. In this paper, based 
on real customer experiences, the ways to implement a track & trace solution are highlighted.              
Furthermore, lessons learned from the experience of European explosives manufacturers are presented. 
Finally, risk analysis and concrete examples in the implementation of planning in production are       
pointed out. 
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work/business requirement specification          
document. This can be done internally or by       
external suppliers. 
     The document’s content is the precise analysis 
of the current state of the site planned for the MVP 
project and the definition of the project goals.  
Furthermore, the time frame for implementation 
and a budget estimation should be part of it. If an 
external service provider has already been          
selected, the requirements for this provider must 
be defined precisely. 
     This results in one of the first concrete project 
steps. Next, the external service provider or the  
internally commissioned department draws up the 
specifications. Then, finally, an on-site evaluation 
is required. The evaluation includes an assessment 
of the initial situation at the site and the resulting 
detailed proposals for the desired implementation 
of the track & trace solution. 
     Part of the document should be: 
 
−  The concrete project description includes the 

project phases 
−  The requirements for the IT infrastructure 
−  The description of the required changes in the 

production processes 
−  The analysis of the impact on productivity 

and workload for production 
−  Proposals regarding the type of labelling to be 

applied to the explosives (based on the       
applicable legislation) 

−  Proposals relating to the marking and code 
capture hardware to be implemented 

−  Description of the relevant additional work 
steps within the production process to capture 
the data (this has to be provided in detail for 
each product line/explosive individually) 

−  Description of any necessary structural 
changes in compliance with the safety      
regulations for potentially explosive           
atmospheres 

−  Listing of the production hardware to be   
procured or provided, the required computer 
server hardware, and the software           
components necessary 

−  Description of the software required for      
recording the data of the explosives 

−  Description of the track & trace software,   
including the needed storage and shipping 
processes 

−  Security and backup concept to prevent data 
loss 

−  Risk analysis of the entire project 
−  Training plan for users, administrators, and 

the support team 

−  Presentation of the expected time                
requirements in a timeline 

−  Cost analysis for the project with a maximum 
deviation of +- 30%. 
 

     Furthermore, concrete proposals for designing 
the required labels for single items, packaging, and 
pallets must be provided in the document based on 
the legal requirements. 
 
3  PROJECT TEAM 

Once the requirements have been defined, and the 
basic framework for implementation has been    
established, implementation occurs at the actual 
production site. The following procedures have 
proven to be effective. The appointment of an   
experienced project manager with overall           
responsibility from the customer side is crucial for 
the project’s success. This person coordinates the 
cooperation of all parties involved, monitors the 
project’s progress according to the timeline, is 
available as a contact person to clarify questions, 
monitors compliance with the budget, and reports 
to the stakeholders on the project’s progress. 
     He/she is responsible for regular reporting to all 
departments involved and communicates any  
problems that arise to the entire project team. The 
project manager is responsible for reacting       
immediately in problem situations and initiating 
appropriate measures to solve the problem. He/she 
takes over the risk management and defines     
possible red flags in the course of the project. 
     Ideally, the project is started with a kick-off 
meeting where all parties involved participate. It is 
essential to define the project team from the       
responsible employees of the manufacturer and the 
external service providers. The sole assignment of 
the responsibility for the project implementation to 
external parties inevitably leads to the project’s 
failure. 
     Depending on the client’s structure, the         
following departments should be involved at a 
minimum. 
     From the client’s side: 
 
−  Finance 
−  Engineering  
−  IT department 
−  Site Manager 
−  Site responsible for production, IT,             

distribution 
 

     From the contractor’s side (in case of           
contracting to external service providers): 
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−  Contractor’s project manager 
−  Responsible persons for development,       

administration, support 
 
     This approach ensures a universal                 
understanding of the project by all parties           
involved. The project team gets to know each   
other and identifies the key contacts. This can  
support a professional working relationship,       
especially when the project is outsourced to       
external service providers. 
 
4     IMPLEMENTATION INTO PRODUCTION 

The track & trace of explosives down to the       
individual item level requires labelling the       
produced explosives according to the legal         
requirements of the corresponding country or the 
country to which the products are to be exported. 
Even though the specific provisions of the          
individual legal requirements differ in the         
implementing regulations, certain essential         
elements can be found in all rules. 
     These are: 
 
−  The marking of the explosives with a unique 

serial number 
−  The provision of a code to identify the    

manufacturer 
 

     In addition to this basic information, depending 
on the country, information on the date of        
production, the minimum shelf life, approval      
information of the specific product, and many  
other features are required. These requirements 
must be considered when implementing the system 
and possibly combined if several export countries 
with different regulations are to be served. To    
ensure this, the information must be suitably 
placed on the products. This occurs in the        
production process and extends by marking        
the products and recording the individual product 
data. 
     The implementation of a track & trace system 
consists of two main areas. On the one hand, this 
is the provision of the necessary components in  
the production environment and, on the other 
hand, the software for realising the track & trace 
process. 
 
5 PREPARATION OF THE PRODUCTION 

PROCESS 

In the evaluation process for implementing the 
project, it is necessary to pay special attention to 

the marking of explosives. The marking can be 
done differently by applying a label, direct inkjet 
printing, or laser engraving. Each of these methods 
has advantages and disadvantages and must       
always be considered in the context of the         
explosives to be marked. 
     Depending on the products (incomplete         
selection), there will be a number of                 
considerations. 

5.1     Bulk explosives 
 
Preferred type of marking: labelling of bags with 
pre-printed or on the fly printed labels. 
     Data acquisition: use of scanning stretches 
above the conveyor belt. 
     Challenges: integration of the applicators and 
scanners into the existing production flow. 
     Notes: labelling can be done with the help of 
automated applicators or by hand, depending on 
the production process. Therefore, a slowdown of 
the production process is not expected. 

5.2     Cartridges – general 
 
Preferred type of marking: depending on the      
diameter and the type of cartridges (dry or wet), 
marking can be done by applying labels, using  
pre-printed packaging material, or printing by    
using inkjet printers. The application can be   
manual, semi-automated, or automated. 
     Data acquisition: placing one or more scanners 
to read the barcodes applied on the cartridges. 
     Challenges: depending on the selected marking 
method, the integration of the application        
technology represents the most significant       
challenge. This concerns the drying of the         
cartridges after the water bath and the handling of 
a large number of explosives produced per minute 
and small diameter. In addition, the necessary  
sorting and arranging on the conveyor belt has to 
be mastered. The capture of the barcodes requires 
the alignment of the cartridges in the reading range 
of the scanners. This requires individual          
technological solutions, especially for small       
diameters and a high number of individual items 
produced. 
     Notes: the selection of the preferred marking 
method depends strongly on the production      
process and the number of cartridges produced per 
minute. This must be considered individually and 
does not allow a clear preference. Various     
methods can be used for sorting and aligning the 
cartridges. These range from rotating transport 
systems to the use of pick & place robots. 
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5.3    Booster 
 
Preferred type of marking: depending on the      
diameter and the type of booster, marking can be 
done by applying labels, printing using inkjet 
printers, or laser engraving. 
     Data acquisition: depending on the number and 
diameter of the boosters and the type of production 
(manual, semi-automated, automated), the        
barcodes are recorded by permanently installed or 
manually operated scanners. 
     Challenges: especially in booster production, 
the protection class in the production rooms must 
be observed. Based on this, scanners and printers 
can only be used with appropriate protective      
devices. 
     Notes: regardless of their type, the markings are 
applied before production to avoid problems with 
the increased protection class of the production  
areas. 

5.4    Detonator – general 
 
Preferred type of marking: applying pre-printed 
labels or labels printed on the fly during the     
production process to the tube (wire). 
     Data acquisition: depending on the type of  
production process, data is mainly captured by 
permanently installed scanners. In the case of 
manual application, these must be positioned so 
that no additional process steps have to be           
integrated into the scanning process. On the other 
hand, automated data acquisition is carried out by 
setting up scanning lines between the individual 
production steps in the transport process. 
     Challenges: depending on the production     
process (manual, semi-automated, automated), 
high demands are placed on applying the labels. 
For example, the tags must be applied accurately 
to prevent them from sticking together in the 
packaging, and the sometimes high production 
speeds must be mastered. To ensure 100% barcode 
capture, measures must be taken, especially in   
automated production, to align igniter tags        
uniformly and control the complete data capture 
from all detonators. 
     Notes: labelling can differ for the different 
types of detonators and must always be considered 
product and process-dependent. 
5.5    Detonating cord 
 
Preferred type of marking: applying on-the-fly 
printed labels to the spools and box. Inkjet print on 
the detonating cord sleeve is necessary for a larger 
diameter detonating cord. 

     Data acquisition: data acquisition occurs via 
permanently installed scanners or hand-held   
scanners, depending on the process sequence. 
     Challenges: depending on the production     
process, damaged pieces may have to be cut out of 
the detonating cord when it is rolled up. The cuts 
must be noted on the reel and the box labels, and 
specified rules must be followed. It must be       
ensured that the composition of the boxes with the 
corresponding number of coils complies with the 
rules concerning the maximum number of allowed 
cuts. 
     Notes: the application of labels is mainly made 
manually. The rules to apply labels to the cord  
varies according to the countries’ legal               
requirements. 
 
6     RISK ANALYSIS 

The following explanations of the risk analysis 
represent only a small part of the required        
considerations. However, they point out focal 
points and must be considered in the respective 
project on the concrete conditions. 
     The risk analysis assumes that known methods 
recognised as inappropriate are not repeated and, 
therefore, do not have to be considered again. In 
addition, the examination must be based on the 
project conditions and at the respective production 
sites. 
     There are several ways to perform a risk    
analysis. However, it should be noted that a    
complete assessment of all risks is not possible 
and that a residual risk must always be expected. 
     The potential risk is calculated as the product of 
the impact and the probability of occurrence. 
     risk = impact x probability of occurrence. 
     A widely used method of analysis is the   
monetary designation of the impact. The resilience 
of the risk analysis depends on the comprehensible 
definition of the risk criteria. Another point is the 
definition of impact classes, which can be directly 
linked to monetary impact and dependent on the 
project budget. 
     The following risk matrix can be created as an 
example from assessing the possible impact and 
their probability of occurrence and the resulting 
impact classes. 
     Risk matrix to be filled for four impact classes. 
     A small, incomplete selection of risk criteria for 
implementing a track and trace solution is         
presented below. 
     External Risks - arise from problems that    
originate outside the company itself. They can be 
influenced or not influenced. Examples are  
weather events, pandemics, politically motivated 
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events (not influenceable), or external service  
providers’ selection (influenceable). 
     Internal Risks - must be differentiated in      
various areas. These can be general events such as 
the illness of essential employees, termination, 
commercial problems such as delays in the        
approval of financial resources, work-related   
risks in construction changes or software           
implementation, and many more. 
     It is not enough to consider the possible risks; it 
is also necessary to identify ways out for the     
categories to minimise the impact when problems 
almost inevitably occur. 
     The topic of risk analysis is often                  
underestimated in project preparation. It is        
important to consider risk assessment as an       
ongoing task throughout the entire project. It is  
often the only possibility to take effective       
countermeasures already at the initiation of     
problems. 
 
7   EXAMPLES FROM DIFFERENT REAL 

PROJECTS 

The following describes some situations and   
problems from an implemented project and how 
they were overcome. 

7.1     Project Planning 
 
The customer appointed a dedicated but              
inexperienced project manager. In the course of 
the project, he lost the overview and control of the 
sub-projects. This resulted in unplanned financial 
expenses and generated a significant time delay. 
The project manager had to be replaced during the 
project. The necessary training period for the new 
project manager caused further delays. The         
selection of the project manager is essential to   
ensure the success of the project. 
     During the project planning phase, certain   
constraints imposed by union activity were not  
observed. Therefore, the involvement of the trade 
unions from the very beginning of the planning is 
necessary. 

7.2     Procurement 
 
In the procurement process, hardware components 
were selected based mainly on the lowest price, 
contrary to the advice of the specialist                
departments. As a result, these components had to 
be replaced at a significant financial expense in the 
project. Therefore, close cooperation between the 

Figure 1. Risk matrix – example. 
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purchasing and specialist departments is required 
to find the best purchasing strategy for success. 

7.3     Information technology 
 
The quality of an existing ethernet network in the 
production area was deemed sufficient without 
verification. However, during test operation,   
problems were found with data transmission, so 
the reliable functionality of the acquisition devices 
could not be guaranteed. In addition, the           
subsequent installation of supporting components 
led to project delays. These could have been 
avoided by a straightforward check of the network 
in advance. 
     The two-way data exchange between the ERP 
system (Enterprise Resource Planning) and the 
track & trace solution was part of a project.       
Unfortunately, due to a lack of consultation        
between the departments of the group, the         
upcoming update of the ERP system was not taken 
into account during the program-technical         
implementation of this task. This led to            
considerable additional costs in terms of time and 
money. Therefore, the involvement of all relevant 
departments in a group during such a project is  
indispensable. 

7.4     Site management 
 
In the user acceptance test phase, inexplicably 
high reject rates were found. As a result, from the 
point of view of the project team, including those 
responsible on-site, production process changes 
were introduced, which were not intended to have 
any impact on production. It was not considered 
that additional training sessions would have been 
necessary due to the insufficient education level of 
the operators. The correct assessment of the      
performance and the ability of the employees to 
accept changes in the usual processes must be  
taken into account in advance of the employee 
training sessions. The training plans must be      
adjusted accordingly. 

7.5     Software vendor 
 
The main external contractor commissioned the 
manufacturer of a software component to design 
and deliver the user interface. Despite extensive 
briefing by the main contractor, the result did not 
meet the requirements in any way. The unique 
conditions of use of the software were not          
taken into account and could not be used in      
production. An extensive redesign was necessary, 

accompanied by additional costs. The cause was 
the subcontractor’s ignorance of the working   
conditions in the production of explosives. The 
main contractor failed to provide the necessary 
knowledge through appropriate measures (visit to 
production, talks with operators ...). 
 
8 CONCLUSIONS 

The introduction of Track & Trace systems at   
explosives manufacturers is no longer the          
exception but the rule. The labelling and        
traceability of products is a legal requirement       
in more and more countries. Therefore,           
manufacturers are dependent on implementing 
such systems. However, it has also been proven 
that the available control of the entire supply chain 
leads to increased safety. 
     However, the complexity and effort required to 
implement such a project should not be              
underestimated. In addition, considerable financial 
and human resources are necessary to guarantee 
the project’s success. 
     Working with an experienced external service 
provider for project implementation in this     
business area is advisable. The specifics of the  
explosives business require extensive business-
specific knowledge that cannot be acquired within 
a short period. 
     Due to limitations in scope, this document can 
only provide a brief, incomplete insight. Above 
all, it is intended to call the necessary attention not 
to underestimate possible upcoming projects. 
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1 EFEE EDUCATION SYSTEM 
 
In 2004, EFEE started with creating a ‘Training 
manual for rock blasting technique’ and in 2006 
they also created the ‘Training manual for      
demolition blasting’. 
     These two manuals became the base for the 
ESSEEM (European Shotfirer Standard Education 
for Enhanced Mobility) project, which was led by 
Karl Kure and Aslak Ravlo from the NFF -    
Norwegian Tunnelling Association in cooperation 
with EFEE. Thanks to active participation of     
different specialists, members of EFEE, the    
Shotfirer Committee and with funding from       
European Commission, the project was carried 
through from 2008 to 2010. 
    The ESEEM project ended with a result of 1200 
slides of materials, collected from highly           
appreciated specialists, authors and teachers    
from Europe. To make this material more       
comprehensible, NFF organised and funded the 
work to reorganise the material. The results of all 
this work were presented in Zandwoort,         
Netherlands, in 2013 for the representatives from 
23 countries. The idea behind a more universal 
training means to harmonise the levels of shot-firer 
knowledge and competencies in Europe was  

greatly welcomed, but it was also acknowledged 
that there’s still a lot of work to do. 
     It was decided to create a group of people who 
would start working towards another project to   
finalise the training means. Finally, in 2016, after 
two years of unsuccessful applications to gather 
another funding from the EC, the PECCS –      
Pan-European Competence Certificate for Shot-
firers and blast designers project started. 
     Eventually in cooperation, the EFEE Education 
System was created – this includes not only the 
PECCS materials, the Online systems of PECCS 
materials and the plan to continue with the       
Certificate, but it now has the Shot-firer        
Committee inside EFEE and an administrator 
working together with the materials in the future, 
to hold the quality high, to bring in modifications 
regularly as the industry develops and to be in 
constant communication with the organisations 
who use the PECCS materials. 

2 PAN-EUROPEAN COMPETENCE 
CERTIFICATE FOR SHOT-FIRERS 

PECCS material has been put together as a Pan-
European material, which means that it includes 
information, which may not be familiar in every 

PECCS – Pan-European Competency Certificate for Shot firers 
/blast designers 
 
T. Tuuna 
EFEE Council Member, Spark & Stone Concept 
 
 
 
 
 
 
ABSTRACT: Is there such a thing as a Pan-European shot-firer? No, if they are not the collectors of  
shot-firer certificates from around Europe. Is that a problem? Often, it is. The world has become smaller, 
companies are big and transnational, but workforce is often immobile due to the differences between 
countries, even though the job description is mostly the same or at least very similar. EFEE has taken    
serious steps to change this situation. One of the main outcomes is the EFEE Education System. 
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country or which might seem out of place. We   
assure you, the material has been reviewed many 
times by many specialists, it has been put together 
by active professionals, teachers, trainers,         
doctorates, and shot-firers who have been in the 
industry for years and have much experience. The 
material will be reviewed and updated every 2 
years. (You can check the date on the bottom of 
the slide.) 
     The training material is divided into           
Powerpoint presentations and exercises (practice 
questions) and will be made available to each 
teacher / school individually through                
shotfirer.eu/PECCS. The idea behind the             
information in this material is strongly connected 

to the every-day work of a shot-firer, the needed 
know-how and, how to become better at the job. 
At this time, these materials are intended as      
continuing education, on EQF levels 4-5            
depending on the country (Figure 1). It means the 
person qualified to study with this material is   
supposed to be already a working and experienced 
(at least 2 years) shot-firer. The aim is to enhance 
and harmonise the levels in Europe into a       
comprehensible outcome for all shot-firers and  
educators. As the material also includes an online 
testing system, it could be verified, which 
knowledge is already there and what needs more 
focus yet. 
     This material does not include any kind of    

Figure 1. Knowledge and skills according to EQF. 
 

Figure 2. PECCS chapters in suggested order. 
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legislative information from any country or area. 
The legislation must be learned separately in each 
new working area. 
     At this moment PECCS includes the following 
chapters, see Figure 2, but as EFEE Education 
System is already built up and the aim is to always 
move forward, we plan to create a demolition 
chapter. 

3 SO HOW DO WE DO THIS? 

Our aim with the PECCS materials is to spread it 
through Europe, make it accessible to all         
shot-firers in various countries. At the same time 
the Certificate, based on the materials is already 
acknowledged by many EFEE member countries, 
and there will be more every day. This is where we 
need more cooperation between educational       
entities and EFEE. We want to give the materials 
for use to all educational entities, who are training 
shot-firers. They will have the materials free of 
charge, with simple and basic agreement, signed 
by both parties, this includes exercises, examining 
questions and the certificate of attendance for  

shot-firers, who can then turn to EFEE and apply 
for the Pan-European Competence Certificate for 
Shot-firers/blast designers. This certificate then 
will allow them to work abroad without extra 
training, only the necessary know how of local 
regulations. 
     At this moment, many educational                 
organisations have already taken the possibility to 
use the PECCS materials. But we still need more 
cooperation to reach further over Europe. 

4 CONCLUSION AND FUTURE WORK 

So in order to gain access to the PECCS materials 
as a trainer, please write to Info@shotfirer.eu – we 
will have a basic Agreement for signing and after 
that all you need to do is create a user on 
www.peccs.datel.ee webpage, and the PECCS  
administrator will give you access for             
downloading the materials in PowerPoint and in 
PDF format. 
     Every educational entity will get a different set 
of examination questions from the administration 
and the updated materials in every two years.  

Figure 3. Enhancing the shot-firer education. 
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Figure 4. Places where our PECCS material is being used. (this map will be modified before the conference    
according to current statistics about PECCS materials. At this moment, there’s Sweden, Germany and France – 
and more countries which universities and authorities have gained access to PECCS). 
 

Figure 5. PECCS  
collaborating partners  
2016-2019. 
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Meanwhile, the Shot-firer committee, the PECCS 
working Group, and all active members of EFEE 
will do whatever is needed to move closer to the 
original goals. 
     Here is the list of all educational entities, who 
have PECCS materials for use and who have 
agreed for me to share their information: For     
example, Dresdner Sprengschule. 
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