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Abstract 
 
The present note discusses the main and persisting obstacles for the interoperability of the trans-
European railway networks. Some indications, about sectors where interoperability could be 
promoted and pushed to achieve aims related to the European added value and the promotion of 
the European economic and social integration, are derived. 
 
Obstacles to railway interoperability concerns three main subsystems: infrastructure, energy and 
(mainly) signalling; obstacles often reflect the national approach to railway transport and 
railway safety. In particular, on the signalling side, the presence of national systems negatively 
on: total cost of railway transport, reliability, existing rolling stock and drivers’ interoperability, 
safety. 
 
Measures to support railway interoperability should be promoted in the sector of signalling and 
train control systems: investment in this sector, despite their relatively small financial cost, are 
likely to turn in strong benefits in terms of railway interoperability. Consequently, it seems to be 
recommendable as priority strategy the earmarking of a relevant part of the Trans-European 
network funds to projects related to the development of new signalling systems on existing lines 
and existing rolling stock. To maximise benefits, investments should also be promoted 
according to the corridor rationale. Moreover, derogations to TSIs application should be avoided 
and eliminated, in particular on the infrastructure and signalling side. 
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Short overview on interoperability 
 
Following the Treaty (art. 154 and 155) one of the aim of European Union is the establishment 
and development of trans-European networks in the area of transport. The implementation of 
any measure that may prove necessary to ensure the interoperability of the networks, in 
particular in the field of technical harmonisation, is a contribution to achieve these objectives. 
 
Railway interoperability and railway safety are strongly related items. The Directives which 
establish the legal framework date back to the year 1996 and are listed in Table 1, together with 
the Communications issued in the last year and containing the elements of the process for the 
creation of a new normative environment (Table 2). 
 
Interoperability involves several sub-system of the railway transport mode (both for 
conventional and high speed lines), such as: 

 infrastructure and energy (electrification system); 

 control and command and signalling: the equipment necessary to ensure safety and to 
regulate movements of trains authorised to travel on the network; 

 operation and traffic management (including telematic applications): procedures and related 
equipment enabling a coherent operation of the different structural subsystems and 
professional qualifications required for carrying out cross-border services; 

 rolling stock: vehicle dynamics and superstructure, command and control system for all train 
equipment, current-collection devices, traction and energy conversion units, braking, 
coupling and running gear and suspension, doors, man/machine interfaces, passive or active 
safety devices and requisites for the health of passengers and on-board staff; 

 maintenance: procedures, associated equipment, logistics centres for maintenance work. 

 
Railway interoperability is developed through the introduction of Technical Specifications of 
Interoperability (TSIs) concerning the specific subsystems; TSIs are also related to security 
issues, even though security and interoperability are, at present, regulated by different normative 
initiatives. The European Railway Agency is directly involved in the interoperability process 
with the role of advising and assisting the process; moreover, the Agency is in charge for the 
development of some TSIs. 
 
Being railway interoperability a relatively new focus among European policies, few statistical 
data are available at the moment. Locomotives and traction units(1) interoperability represents 
one of the main aims of the whole interoperability process. As it is possible to note, less than 
15% of the whole European fleet can “interoperate” (Figure 1, Figure 2, [1]). Also given to its 
geographical position, Austria is the country where the highest number of locomotives not 
originally registered there is allowed circulating.  
 
Rolling stock evolution and signalling evolution represents the most recent development in the 
railway sector. In particular, the introduction of the ERTMS/ETCS(2) (European Rail Traffic 

                                                 
(1) Diesel multiple units (DMUs) and electrical multiple units (EMUs). 
(2) ETCS and GSM-R (see next paragraph) are subsystems of ERTMS. 
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Management System/European Train Control System) systems and standards for signalling and 
train control, replacing national signalling systems, represents a huge step in the direction of 
higher level of interoperability; at present, about 6000km [2] of railway lines (on a total length 
of 94500km of the Trans European networks) [3] are equipped or being equipped in the next 
years with ERTMS/ETCS technologies. Costs of retrofitting existing lines with new ERTMS 
technologies are falling sharply and in the future satellite navigation (Galileo programme) will 
provide further opportunities also for railway interoperability. 
 
In the next years it is possible to assume a significant extension of the portion of main lines 
equipped with ECTS or GSM-R technologies (Figure 3, Figure 4, Figure 5); nevertheless, in the 
short run, the ECTS technology will be in service only on specific sections and not on whole 
trans-European itineraries, thus reducing the benefits in terms of railway interoperability. No 
further data comparable at the European scale are available on the level of interoperability of the 
European railway system, excluding few data available through the ERTM website [5]. As it is 
possible to note (Figure 6 and Figure 7), the total length of lines equipped with ERTMS level 1 
or level 2 is rapidly growing, although it is still a limited portion of the European network (about 
3000km). Similarly, the total number of trains (rolling stock) equipped with ERTMS level 1 or 
level 21 is rapidly growing, but it is still small on the total European rolling stock. 
 
Moreover, it is interesting to note how the development of the ERTMS system is a policy 
concerning all the European rolling stock and signalling suppliers (Figure 8, Figure 9 and Figure 
10). Consequently, the ERTMS system can be considered as a major driver for the 
competitiveness of the European railway industry (rolling stock and signalling suppliers). 

                                                 
1  The ERTMS/ETCS project is developed according to a three-levels programme. Level 1: the track sends 

information by standard beacons to the train enabling it to calculate continuously its maximum permitted speed. 
Level 2: information can also be forwarded by radio (GSM-R) and it is no longer necessary to retain trackside 
signals; the position of trains is still detected by trackside systems. Level 3: the train itself sends its rear end 
location, making it possible to optimise line capacity and further reduce the trackside equipment [2, 5]. 
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Persisting obstacles for interoperability on the European Transport Network  
 
Obstacles to railway interoperability are discussed at both macro level, tackling the whole 
subsystems, and micro level, for specific elements of the subsystems. 
At macro level, obstacles concerns three main subsystems: 

1. infrastructure: in particular, the presence of non-standard gauges in some national networks 
(i.e: Spain, Portugal, Finland); 

2. energy: presence of different power systems (A.C. systems and D.C. systems); 

3. signalling: presence of different signalling and train control systems (in general, one or more 
system per national network). 

Investments on the infrastructure side are relevant and cannot be performed if not through the 
construction of new lines: it is the case, for example, of the new high speed lines in Spain, which 
in turn imply interoperability problems(3) at national level which will last for long periods. 
Consequently, non-standard gauges will be present in the European network for decades.  
 
Problems related to energy systems are rapidly declining thanks to technological innovation: in 
fact, it is now possible to introduce (electronic) locomotives allowed and able to operate under 
different systems. The current industrial policy of rolling stock suppliers is to produce multi-
tension locomotives as base products and then derive specific locomotives according to the 
technical specifications of the networks where the operators plan to operate; as side benefit, new 
rolling stock is then interoperable by definition, as all locomotives are derived by the same 
concept and share the same components and subsystems. 
 
Major problems persist then on the signalling side. In fact, the presence of several signalling and 
train control systems impacts negatively on: 

 costs: (brand-new) interoperable locomotive must be equipped with the specific signalling 
interface of every single national network where it is allowed to operate; 

 reliability: the presence of several systems and interfaces reduce the possibility of 
introducing redundancies, with consequent possible higher number of breakdowns; 

 safety, intended as drivers’ “interoperability”: drivers must familiarise with several systems 
and interfaces to be allowed driving trains on different national networks. This can lead to a 
reduction in the overall safety levels and higher human errors rate; 

 interoperability of existing rolling stock: existing rolling stock must be retrofitted with 
further system and interfaces; this has proven to be difficult in several cases. In fact, once 
locomotives have been designed it is extremely expensive and sometimes impossible to add 
more on board systems. 

Furthermore, other obstacles to interoperability do exist also at micro level and reflect 
differences in the present national technical specifications, i.e. for tracks micro-design, fire 
extinguisher on board, protective windows, back lights and so on. The modification of these 
specifications in the direction of higher levels of interoperability is often refused or delayed by 
national authorities (sometimes on the basis of possible problems in terms of safety). If, on one 

                                                 
(3) The new high speed lines do not match with the conventional lines in the same country. 
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side, such behaviours could “hide” para-protectionist policies, on the other side it is important to 
remind how possible modifications to these elements should allow, at the same time, the 
operation on the same network with interoperable and non-interoperable (complying with 
national standards only) rolling stock.  
 
Finally, it is important to remind that rolling stock and railway infrastructures have a technical 
life up to three/four decades (and often even longer with middle-life revamping): on the 
European railway network non interoperable locomotives daily operate. Even though this is 
obviously a temporary negative factor, it is then not possible to assume a complete change in the 
fleet composition in the short term (10/15 years) as these non-interoperable locomotives still 
have, in several cases, two remaining decades of technical life (entered into service less than 
10years ago). Consequently, it is necessary to push normative initiatives aimed at promoting 
interoperability for existing rolling stock. 
 
According to Directive 2004/50/CE, some derogations to application of TSIs are possible; an 
example is the application of the national signalling system instead of ETCS on a new line. Such 
a type of derogations might generate short run benefits (i.e. compatibility with the national 
railway system), while in the medium run they represent a further obstacle to the full 
interoperability of the railway system, in particular if authorised on new lines which have a 
future technical life of several decades. 
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Sectors where interoperability could be promoted 
 
As preliminary consideration, in the described framework, it seems not necessary to distinguish 
between high speed lines (HSLs) and conventional lines, as problems are largely common and 
high speed trains often run on conventional lines and vice versa. In particular, high speed trains 
(HSTs) run on conventional lines (with limitations on maximum speed) in nodes and in 
geographical areas where HSLs are not available; analogously, freight trains can operate on 
some HSLs (for example, in Italy and in Germany and on some new planned international 
links). Consequently, the two systems must be interoperable on the basis of the same technical 
specifications and on the same administrative procedures. In fact, the definition of separate 
regimes for conventional lines and HSLs would lead to lower interoperability levels of the 
European railway network, higher administrative and operative costs for rail companies (as 
rolling stock schedule could be optimised only under several constraints) and, in general terms, 
to a reduction of the overall competitiveness of the European railway industry. 
 
According to the results of the analysis, measures to support railway interoperability, both on 
HSLs and on the whole conventional rail system (as defined by Directive 2004/50/EC), should 
be mainly promoted in the signalling and train control systems. In such an area, recent technical 
developments are assuming a stronger and stronger role, thanks to the ERTMS and ETCS 
systems. In fact, investments in this area, despite their relatively small financial cost, are likely 
to turn in strong benefits in terms of railway interoperability (and consequent social and 
economic benefits also in terms of European added value). 
 
The costs of introducing ETCS technologies can be quantified as follows: 

 track-side costs: for one kilometre of double track, costs can vary between 30k€ and 200k€, 
with an average cost of 100k€ as approximate reference figure ([1], [2]); 

 train-side costs: ETCS equipments cost about 200-300 k€ per unit per existing rolling stock 
and 100k€ in case of new rolling stock ([1], [2]). 

Costs of ETCS technology are then small if compared to the construction cost of new lines or to 
the refurbishment cost of existing lines. To increase cost-effectiveness and to maximise cost-
efficiency of the introduction of the ETCS technology, it is necessary to extend the technology 
to a significant part of the European network. According to some assessments ([1]), a rapid (10 
years) migration strategy to ETCS on major lines would require to equip about 20.000km (20% 
of the trans-European network) of double track (equivalent to €2billions) and about 10.000 train 
sets (equivalent to €3billions). The average cost per year is then about €500millions that is 
approximately 4% of the investment per year in railway infrastructure of the EU-15 countries 
over the period 1996-2001 (€13billions/year). To complete the analysis, it is relevant to 
highlight that such a policy allows avoiding costs of retrofitting existing rolling stock with 
network-specific equipments. 
 
Moreover, the massive extension of the ETCS system has three relevant side benefits, only 
partially related to railway interoperability: 

 it has a Community dimension, providing generalised benefits also in terms of European 
added value and European economic and social integration, in particular in EU12 countries, 
where railway technologies are older, ETCS is a “fast & cheap” way to improve standards 
and reduce the costs of the railway transport (financial costs but also reliability and travel 
time); at the same time, in EU12 countries without HSLs, the progressive extension of the 
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scope of the interoperability to the whole conventional rail system can generate the highest 
benefits; 

 it allows introducing higher and updated technological standards also on rural and secondary 
lines, including according to Directive 2004/50/EC track access to terminals and main port 
facilities with returns in terms of safety (these lines often lacks in terms of modern safety 
equipments) and overall competition of the railway sector (reducing for all the operators the 
costs for the access to terminal facilities and stimulating competition); under this point of 
view, the general implementation of the ECTS technology for signalling complies with the 
progressive extension of the interoperability to the whole conventional rail system; 

 reduction of human errors and increase in safety on main lines, as personnel has to 
familiarise with one system only. 
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Conclusions and policy indications 
 
Starting from the results of the analysis, it is possible to derive the following conclusions: 

1. To promote a faster and wider implementation of railway interoperability, it seems 
reasonable to recommend the earmarking of a relevant part of the Trans-European network 
funds to projects related to the development of ETCS on existing lines and rolling stock.  

2. To maximise benefits, ETCS development should be promoted according to the 
corridor/axis approach as priority investment strategy, also under the rationale suggested by 
the following point 3; unfortunately, the current situation shows a patchy system of single 
non-interconnected sections (Figure 3). 

3. Moreover, to maximise benefits, interoperability should be defined and pushed on HSLs and 
conventional lines (including track access to terminals and main port facilities according to 
Directive 2004/50/EC) on the basis of the same rationale, the same regimes and the same 
technical and administrative requirements. Consequently, specific normative initiative for 
HSLs and conventional lines seems to be characterised by limited economic value (also in 
terms of European Added Value) and the provision of Directive 2004/50/EC Art. 2 for the 
possible progressive extension of interoperability to the whole conventional railway system 
should be persecuted. 

4. Derogations to TSIs applications should be avoided and eliminated, in particular on the 
infrastructure and signalling side. In fact, if the choice of adopting rolling stock not fully 
compatible with interoperability requirements is a mere free industrial strategy of train 
operating companies in response to the characteristics of the market and to competitors’ 
behaviour, the compliance of infrastructure and signalling is a basic requisite for achieving 
and allowing a fully interoperable railway system. 

5. Acceleration of TSIs definition seems not to be a priority: in fact, considering the period 
required to define new TSIs, technological development could create problems if TSIs are 
not often updated and revised. As temporary measure (in the short run), the concept of 
“flexible TSIs”, derived by the existing normative introducing equipollence among national 
provisions, could be introduced. Consequently, classification and analysis of national rules 
(according, for example, to the proposal amending directive 2004/49/EC) is a more urgent 
task (as also suggested by impact assessment SEC(2006) 1641). This priority does not 
exclude a parallel work by the European Railway Agency on TSIs: in fact TSIs extension 
can be considered a long-run aim also in order to achieve the simplification of the European 
regulatory environment. 

6. Railway interoperability and the extension of railway interoperability to the whole HSLs and 
conventional lines systems has positive returns in terms of European added value and 
European social and economic integration, with reference in particular to EU12 countries, 
where the railway systems have, at present, the poorest technical and safety standards. 
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Annex: Tables and graphs 

Table 1. Legal framework for railway interoperability 

Council Directive 96/48/EC of 23 July 1996 On the interoperability of the trans-European high-speed rail 
system 

Directive 2001/16/EC of the European Parliament 
and of the Council of 19 March 2001 

On the interoperability of the trans-European conventional rail 
system 

Directive 2004/49/EC of the European Parliament 
and of the Council of 29 April 2004 

On safety on the Community's railways and amending Council 
Directive 95/18/EC on the licensing of railway undertakings 
and Directive 2001/14/EC on the allocation of railway 
infrastructure capacity and the levying of charges for the use of 
railway infrastructure and safety certification (Railway Safety 
Directive) 

Directive 2004/50/EC of the European Parliament 
and of the Council of 29 April 2004 

Amending Council Directive 96/48/EC on the interoperability 
of the trans-European high-speed rail system and Directive 
2001/16/EC of the European Parliament and of the Council on 
the interoperability of the trans-European conventional rail 
system 

Regulation (EC) No 881/2004 of the European 
parliament and of the council of 29 April 2004 Establishing a European Railway Agency (Agency Regulation) 

Source: TRT Trasporti e Territorio. 

Table 2. Commission’s documents on railway interoperability and safety 

COM(2006) 782 
Communication of the Commission to the Council and the European Parliament - 
"Facilitating the movement of locomotives across the European Union" {SEC(2006) 1640} 
{SEC(2006) 1641} {SEC(2006) 1642} 

COM(2006) 783 Proposal for a Directive of the European Parliament and of the Council on the 
interoperability of the Community rail system 

COM(2006) 784 Proposal for a Directive of the European Parliament and of the Council amending Directive 
2004/49/EC on safety on the Community's railways 

COM(2006) 785 Proposal for a Regulation of the European Parliament and of the Council amending 
Regulation (EC) No 881/2004 establishing a European Railway Agency 

COM(2006) 660 
Report from the Commission to the Council and the European Parliament - Progress report 
2000 to 2005 on the implementation of the Interoperability Directives (96/48/EC for high 
speed rail and 2001/16/EC for conventional rail) {SEC(2006) 1418} 

Source: TRT Trasporti e Territorio. 
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 Figure 1.  Estimated number of vehicles in EMUs/DMUs allowed to operate in each 
member state and not initially registered there (source: [1]) 

 
 

 

 Figure 2.  Estimated number of locomotives allowed to operate in each member state and 
not initially registered there (source: [1]) 
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 Figure 3.  UE-25: Lines for which commercial use of ETCS is planned before the end of 

2008; Information updated in May 2005 (source [4]) 
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Figure 4.  EU-25: Percentage of main lines equipped                                          Figure 5.  EU-25: Percentage of main lines equipped with  
GSM-R at the end of 2008 (source [4])                                                                  with GSM-R mid-2005 (source [4]) 
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Figure 6.  Railway lines and trains equipped and in preparation with ERTMS/ETCS level 
1 (Source [5]) 
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Figure 7.  Railway lines and trains equipped and in preparation with ERTMS/ETCS level 
2 (Source [5]) 
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Figure 8.  ERTMS development and suppliers for vehicles in Europe (Source [5]) 
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Figure 9.  ERTMS level 1 and level 2 development and suppliers for infrastructure in 
Europe (Source [5]) 
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Figure 10.  ERTMS level 1 development and suppliers for infrastructure in Europe 
(Source [5]) 
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