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ABSTRACT
The paper deals with the main INTERFACE (Improvement of INTermodal TERminal Freight operAtions at border Crossing TErminal) Project results, stressing the key factors influencing freight intermodal terminals performances and focussing on the applications and assessment, in three selected demonstration sites, of well-defined measures dealing respectively with intermodal management procedures, logistics concepts and rail timetables optimisation. Finally, it provides an overview of the current status of the European intermodal freight transport, highlighting the weaknesses and strengths for the improvement of the efficiency and the effectiveness of the operations at terminal and network level. 
1. INTRODUCTION
According to the European Commission’s 2001 White Paper “European Transport Policy for 2010: Time to decide” and to the revision of the Trans European Networks (TEN-T) Guidelines in 2004, the promotion of intermodal transport and the removal of barriers to implement appropriate policies and systems is mentioned as an essential objective of the European Common Transport Policy. To this end, the European Commission funded several projects aiming at enhancing intermodal freight transport, through the improvement of transport networks interoperability, at reducing total transport costs and promoting transport sustainability from an economic, environmental and social point of view.

In reality, many unproductive activities are concentrated principally at border crossing terminals where incompatible facilities and technologies (infrastructure and superstructure layouts, gauges, rolling stock design, signalling systems) as well as heterogeneous regulations (administrative and documentary procedures) represent historical barriers that have important consequences on terminal management, creating bottlenecks in terminal operations and decreasing the global efficiency of the transport chain.
With reference to the above topics, the paper deals with the main INTERFACE (Improvement of INTermodal TERminal Freight operAtions at border Crossing TErminal) findings (one of the projects funded under the 5th Research and Development Framework Programme) aiming at identifying and testing specific measures for improving borders crossing terminals operations reducing customs waiting time, increasing safety, harmonising regulations and developing additional functions. Selected improvements focus on combined solutions stressing their potential at technical, economical and organisational levels.

Three demonstration sites were selected at strategic points of the TEN-T network, representing border crossing terminals along the most important European axes: the first at the Czech Republic-Austria border crossing (major East-West corridor considering also its transit line section between Italy and Poland), the second at France-Spain border (a corridor to Northern Europe across the Pyrenees and along the Mediterranean coast) and the third at the Italy-Switzerland border (in a dense industrial area of Northern Italy at the confluence of three main Alpine corridors).
The paper also outlines the developed measures that were theoretically assessed within the research phase and tested in a real environment. Finally, it shows the main results and provides an overview of the current status of European intermodal freight transport, highlighting strengths and weaknesses for its potential development in terms of improvement of the efficiency and the effectiveness of intermodal operations at terminal and network level.
2 . THE PROJECT FRAMEWORK 
INTERFACE has been oriented around the following three dynamic activities platforms: (a) Terminals survey, (b) Case studies and dedicated solutions, (c) Demonstration activities.

2.1 Terminals survey
Initially, a literature review of different types of border crossings terminals together with the main parameters influencing their efficiency (in terms of transit time, operations flexibility, costs, capacity management and safety) has been carried out [1-3]. Then, a survey on 22 border crossing terminals (Figure 1) was carried out in order to gather updated data and to provide a representative sample of the European situation. In particular, interviews at border crossing terminals have been conducted and operating processes have been also described in order to investigate the actual terminal constrains related to the lack of interoperability and interconnectivity.
In spite of the limited extension of the sample, the interviewed terminals can be considered a descriptive sample because they are inserted in the following four major intermodal regions, not negligible in terms of traffic potentials and presenting significant barriers to a seamless intermodal transport chain:

1. Northern Baltic region and its corridors with Russia;
2. North-East part of Austria and its corridors with Central and East European Countries (CEECs);

3.  Transalpine Arch (focusing on a set of Italians terminals, oriented towards the Swiss crossing, close to Milan and which clearly does not operate independently of each other);
4. Pyrenean Arch with the specific case of the Port Bou crossing.
From the survey on terminals [4], it was possible to build a terminal typology by means of both external efficiency factors (i.e. network limits, demand market captivity) and internal performances factors (i.e. terminal layout and capacity, operations management), since the terminal cannot be perceived only as an independent entity but as a crucial component of the intermodal transport network. From this approach, 13 different terminal types were recognized and ascribed to the following two families:

1. the technical family (related to a network approach of the terminal) where marshalling, shunting and transhipment yards are operated generally by the railways companies and respond to commercial, interoperability and interconnectivity limits;
2. the technical-commercial family (related to a market approach of the terminal), constituting key nodes not only to overcome border crossing technical barriers but also to respond to commercial constrains (i.e. traffic consolidation), where the operations are carried out by intermodal operators modally oriented: rail-road, hinterland rail-road servicing of deep sea flows, short sea shipping, inland waterways.

Terminal typology has been the comprehensive basis for the qualification of parameters influencing the terminal performances, whose two attributes have been considered in terms of nature of the factors (technical, operational, economic and commercial, administrative, legal and regulatory, etc.), and their position within the terminal operating process (in particular the weight of specific factors at the different terminal interfaces as rail/road access and transhipment area).
The analysis, carried out studying the operating processes as well as matching parameters and terminal types (according to the experience of the transport operators directly involved in freight intermodal management), suggested that the combination of independent factors produces an impact on the operations management and thus on the terminal efficiency. The analysis also allows translating each factor into one or more “weighted parameters”, offering a reliable evaluation of specific parameters impact on every terminal type. Table 1 summarizes the key parameters impacts on terminal efficiency, by using a qualitative ranking (■ High relevance, ◙ Medium relevance, □  Low or no relevance).
Key measurable characteristics of terminal performances served several different functions over the project cycle, becoming more detailed throughout the research phase. While, in this phase, the parameters were assigned and weighted to each terminal type in order to define the terminal typology not only by means of the equipments survey but also through the performance drivers that are commonly accepted by the intermodal transportation literature, in the next phase the indicators were selected and better defined in order to take into account the specific nature of the case study terminal and the actors involved in the real related intermodal chain as well as to identify every achievable improvements impact on each study case (see further: dedicated solutions).

2.2 Case studies and dedicated solutions

Through the analysis of 3 representative case studies in 3 of the regions used for the above survey, the major key parameters influencing efficiency of terminal operations were selected in order to assess the potential impact of the measure to be adopted in the demonstration phase, on the quality of the intermodal services [5].
Twenty-nine potential indicators were chosen, either general - to be compared within the case studies, or specific - related to the peculiarities of the specific study case (Table 2) and improvement plans such as dedicated solutions were envisaged for each case study. These kinds of plans are not the reengineering ones, to be evaluated within the demonstration phase, but are more than simple ideas. The dedicated solutions were designed to group all possible actions able to improve the “key parameters” in the direction of the desired future situation. The groups include harmonised actions all having the same aim, taking into account the complexity of intermodal chain [6-7]. In this way, the adoption of a measure that could be suitable from one actor’s point of view but inappropriate from another’s was avoided. Table 3, Table 4 and Table 5 show the main key parameters and their potential impacts on the three case studies.
2.3 Demonstration activities

The solutions developed and theoretically assessed within the research phase were tested, in a real environment, through three demonstrators, presented below, in order to check the transferability of the results to other conditions and to define pre-conditions and supporting measures for the breakthrough.

The geographical position of terminals where the demonstration activities took place (the same of the cases studies) is shown in Figure 2. The logical allocation, within a typical intermodal transportation chain, of the demonstrators activities dealing respectively with intermodal management procedures, logistics concepts and rail timetable optimisation is shown in Figure 3.
From a methodological point of view, the “demonstration activities” have to be intended as the objective and reproducible evidence of real efficiency and effectiveness of the adopted solutions where the key parameters were assessed by means of numerical indicators assuming, respectively:

· the point of view of process owners, who are interested in the cost of service they are providing for, through Process Indicators (PIs);
· the point of view of customers, who are interested in the quality of service they are purchasing, through Quality Indicators (QIs).
For this reason, several PIs (i.e. the percentage weight of the time used to create added value) and QIs (i.e. the border waiting time or the train composition time) have been selected and the baseline situation, in terms of the state every further improvement has to be compared to, has been defined. Therefore, each demonstrator was set up using the following steps: ex-ante evaluation, dedicated solutions tests and ex-post evaluation. The ex-ante phase represents the assessment of the estimated values of the indicators (hence the numeric goals of measure to be deployed) before a reengineering process whereas the ex-post evaluation, measuring the achieved values of the PI and QI after the reengineering process, allows to compare the estimated and actual measures. Such comparison allows to check whether the applied measures were successful or not along with the appropriateness of the assumptions [8].
2.3.1 Intermodal management procedures at border crossing between Austria and Czech Republic (Breclav terminal)

Breclav (Czech Republic) is the most important rail border crossing point between these two countries. Breclav represents a crossing point of the IV and VI Pan European corridors and its rail station is also the border crossing between the Czech Republic and Slovakia (Figure 4).
Information Systems (ISs) have been identified as the most relevant performance parameters for the operations at Breclav terminal. In fact, before the demonstrator activities, data were exchanged between CD and ÖBB, respectively the Czech and Austrian Railway Undertakings (RUs), exclusively via HERMES (the name is not an acronym but defines a system  that was established in 1980 by 11 European railway companies and dedicated to international data exchange). The data to be transmitted were often incorrect or relevant data were not transmitted because both the focus of the connected national systems and the versions of HERMES messages used were different. Due to this lack of information interchange, the carriers were not able to transmit detailed information to the other intermodal chain actors, hence planning possibilities for terminal operators were rather low. In fact, about 30% of the data transmitted between ÖBB and CD had inconsistencies or failures and, considering other causes of delays, a large number of intermodal trains passing the Breclav border were delayed for more than 2 hours.
The dedicated solutions were then addressed to the field of the electronic data exchange and the final selection of operational processes to be reengineered, within all opportunities offered by the improvement plan, led to cross border intermodal freight transport information exchange procedures. 
After having performed a systematic analysis of the causes of low efficiency in the information exchange procedures at Austrian-Czech border, and after having ruled out infrastructural interventions that are incompatible with the project nature and resources, the measures addressed dealt with the following “updated key parameters”:

· increase of  intermodal operation efficiency and reliability;

· improvement of the quality of service to customers by more transparent and updated information;

· improvement of the level of satisfaction of the specific end users.

Train data transmission was identified as the main process to be reengineered to improve the above mentioned updated “key parameters”.

The following operational processes were identified as those composing the major ones and those affected by the demonstration activities:
· the border process in Breclav itself;
· the data and information flows within ÖBB  and CD systems;
· the data exchange via the HERMES network;

· the possible interface/data interchange with other intermodal operators.
Specific so-called modules have been defined for the implementation task (Figure 5); they could be seen along the “path of development” (Roadmap) because the interchange between ÖBB and CD is only marginally affected at the moment of demonstration activities and will not change until all the modules will be fully implemented.
In addition to the modules, the core part of the demo development, accompanying measures were carried out (i. e. training of staff, knowledge management or internal evaluation). The modules are as follows:
1. Module 1 (ÖBB): Connection of HERMES with Wagon Database

1a.
the integration of Wagon database into the ÖBB production system ARTIS (Austrian Railways Transportation Information System);


1b.
the XML (Extended Mark-up Language) file management for data interchange;
2. Module 2 (ÖBB): Connection to Consignment Note systems



2a.
application for consignments that have their origin in Austrian forwarding stations;
2b. 
application for consignments that have their origin not in Austria, but are crossing Austria;
3. Module 3 (CD): Establishing of the application based on the HERMES 30 pre-advices

3a.
development of an application to enable the transfer of data, captured from one railway system, into another one;
4.
Module 4 (CD): Interconnection to the ORFEUS (Open Railway Freight EDI Exchange System) based Consignment Notes system.
For the assessment of the demonstrator results several QIs and PIs have been defined in terms of Border waiting times, Trains with “in-time” departure, Share of enhanced messages, Time for commercial inspection and data handling, Share of in-time pre-advised trains and Number of employees - Full Time Equivalent (FTE). The FTE describes the process productivity, representing the product between the time percentage required to perform the process activities, referred to one typical work day, and the main frequencies of the considered actions. 

In general, it could be stated that the different modules developed under this demonstrator worked as foreseen and the expected results have almost been reached. Table 6 summarizes the demo outcomes: a pre-advices reliability > 95% (due to the improvement of the data exchanges quality), a reduction of 20 minutes stop-over times at the border for 7500 trains as well as an extra decrease of border check times (through a 24 % reduction of commercial inspections time). Further improvements are the 75 % increase of intermodal transport trains punctuality (thanks to the pre-advices at the border) and productivity with a 36% reduction of the FTE staff.

2.3.2 Development of logistical concepts at border crossing between Spain and France (Port Bou terminal)

The French-Spanish border crossing terminal of Port Bou represents an important Y-junction node connecting both the Mediterranean corridor and the Iberian sub-network to the European rail network. However, it has the morphological limit to be closely constrained by the village and the surrounding mountains which makes the terminal expansion impossible (Figure 6).
The main constraint at the Port Bou terminal stems from the difference of track gauges between both sides of the border. In addition, long freight trains in the French side (usually longer than 700 metres) must be de-coupled in order to form shorter trains suitable to run in the Spanish network (Spanish trains cannot be longer than 450 metres); on the contrary, short Spanish trains are often coupled to form longer trains. Moreover, the transhipment tracks at Port Bou are shorter than 450 metres - which adds complexity to the transhipment operations - and their lengthening is not possible due to the surrounding mountains.

For the above reasons, the dedicated solution was addressed to the field of transhipment planning and the final selection of operational processes to be reengineered led to planning ISs management and its corresponding working procedures.
In particular, after having performed a systematic analysis of the causes of inefficiency at the Port Bou terminal and after having ruled out infrastructural interventions that are incompatible with the project nature and resources, the measures addressed dealt with the following “updated key parameters”:

· satisfaction of end users and intermediate customers’ needs and expectations;

· improvement of collaboration among the different players of the CT (Combined Transport) supply network;

· increase of efficiency of the door to door CT processes;

· reduction of environmental impacts, both directly (more secure and friendly processes) and indirectly (by means of increased CT market share).

Transhipment planning methods were identified as the main process to be reengineered to obtain the improvement of the related key parameters. The following operational processes were identified as the major ones and those affected by the demonstration activities:
1. Decision support system (DSS) for transhipment or loading planning;

2. Integration of the ISs necessary for transhipment or loading planning;

3. Automatic generation of transhipment or loading plans.

To improve the planning performance, the activities have been settled by means of the following tools.

A Platform Wagon Database, a fully new INTERFACE product, was integrated with the previously existent two ISs of RENFE (Spanish RU). This database includes relevant wagon data necessary for “secure loading” purposes. Within the ISs of RENFE, a new tool – a Train Verifying System - has been developed, by means of a software (SW) transaction, to conceive a way of representation of an ITU (Intermodal Transport Unit),  as simple as possible, in a given position on a wagon and, consequently, to ensure transhipment or loading plans compatible with technical and security rules. The SW transaction allows the planner to assign, one by one, ITUs to particular positions on wagons. After each assignation, SW either accepts the assignation or discards it, displaying with an explanatory message the reason.

A procedure dealing with “Treatment and Reception of Trains” was also developed to collect all relevant data available at train arrival and to transfer them, via GPRS (General Package Radio Service), to a tablet PC. The procedure works as follows:

1. the agent checks the data shown on the tactile screen, corrects it, if necessary, and introduces additional data (i.e. position of the fifth wheel of semi trailers, non-standard ITUs, etc.).
2. once a train has arrived at Port Bou, an agent must walk along the track by the train in order to receive the train and collect the specific data required for elaborating the transhipment plan.

3. the introduced data are instantly transferred also via GPRS, in order to update the two RENFE ISs.

Figure 7 shows the relationships among the actors involved by the above measure.
In order to assess the Demonstrator solution, several QIs and  PIs have been defined in terms of Percentage of wagons loaded according to technical and security rules, N° of software (SW) transactions used for Port Bou operations, Time for transhipment planning and train control and FTE. Table 7 shows the ex-post results and their comparison with the ex-ante goals. For example, in the new situation the time required for transhipment planning and train control is 72 min versus 108 min of the previous situation, which means a time reduction of 33.33 %. Although the ex-post profit is presently lower than planned, it is noteworthy that this time is expected to be reduced in the near future, due to the “learning curve effect” related to the use of the described tools and procedures (tablet PC, new software transactions, etc.).

2.3.3 Interactions among terminal and network at border crossing between Italy and Switzerland (Novara terminal)

From an international perspective, the Novara CIM (Centro Interportuale Merci) constitutes the merger point of 3 main Alpine corridors: Mt Cenis (Italy-France via Modane), Lötschberg/Simplon (Italy-Switzerland via Domodossola) and Gotthard (Italy-Switzerland via Luino).

Although managing more than 100,000 ITUs/year, the Novara CIM terminal has no shunting infrastructures and the related operations as well as the trains movements between tracks are done by the crew and the equipment of the near Novara-Boschetto Terminal: an intermodal terminal, with 8 short tracks and 3 shunting locomotives, that acts in a complementary way with the Novara CIM terminal (Figure 8). 

Concerning the rail line, between Novara and the Italian-Swiss border there are mostly single-track lines (in particular Novara-Luino) and their capacity has to be shared with passengers’ traffic. So, when saturation levels exceed an acceptable rate, railway lines cannot provide adequate level of service and punctuality decreases quickly. 

For this case study, all the "cross-border" constraints have been considered on the whole and, focussing on service regularity along the transport chain, the dedicated solutions were addressed to the increase of the train turn around reliability, the improvement of the train punctuality preservation/recovering along the transport chain and, finally, the development of the intermodal transport capacity along the rail line and at the terminal.

After having performed a systematic analysis of the causes of the disruption in the regularity of the Novara terminal incoming and outbound services, and after having ruled out infrastructural interventions that are incompatible with the project nature and resources, the measures addressed dealt with the following “updated key parameters”:

· train punctuality preservation and recovering along the transport chain;

· capacity increase for intermodal transport along the line and at CIM terminal;

· terminal input/output procedures;

· optimisation of transhipment movements at the terminal.

The final selection of operational processes to be reengineered, within all opportunities offered by the improvement plan, led to the following two sub-demo:
1. “Harmonisation of the Information Systems” at Novara terminal (1° sub-demo), to enhance train departure times reliability, reducing terminal delays;

2. “Integrated Timetable Planning” (2° sub-demo) to reduce delays along the line, preserving circulation regularity and avoiding propagation of irregularities.
2.3.3.1 Harmonisation of the Information Systems
To improve train turn around reliability, the activities have been carried out through the two following sub-measures (Figure 9):
A. - A third Central Data Base (CDB) was designed, besides the two already in operation, to collect technical data of all wagons used in the intermodal traffic and share them with all involved actors. In case of wagon refurbishment or new wagon, CDB is automatically synchronized (data set upload: from user to CDB) with the owned data bases (Database of CEMAT, the main Italian intermodal operator, or TRENITALIA, the Italian train operator); before starting the train length and weight check, each actor is able to find on the CDB the list of wagons, owned by other actors, that needs an upgrade on its own databases (data set check: on CDB about other user’s data) and to make the data synchronization (data set download: from CDB to user db);
B. - This measure avoided manual insertion in the TRENITALIA Technical Information System (SIR) of train data, stored in the CEMAT IS (GOAL - Global Oriented Application for Logistics), in order to reduce activities without added value and also to avoid mistakes that could determine test 3 failure (that is a repeated check on train length/weight using the TRENITALIA Wagons database. See Figure 9). To reach the above goal, CEMAT operated on a logic architecture of its IS, introducing the new functions: pre-closing train, automatic fax transmission and data transmission.
Work Time Rate (WTR) and FTE were selected as PIs. The former was used to evaluate the percentage of added value activities versus other types of activities; the FTE percentage value may be >100%, because it is the sum of all the human resources used in the process. The Time Length of the Process was selected as QI; it was defined as the length of time between the last digit on the GOAL and the shunting request. Table 8 summarizes the evolution of indicators during the demonstration lifecycle, showing a 33% reduction in the duration of the train composition and a 58% reduction in the WTR of the process as well as increased staff productivity with a 13% reduction in FTE.

2.3.3.2 Integrated Timetable Planning

On a rail line, train priority is usually defined by a timetable, except in the case of unexpected events when priority is decided by station inspectors or dispatchers. This problem becomes more significant particularly in a single-track line, as the Luino-Novara, where at some hours of the day many long-distance freight trains have to share the line with regional passenger trains that generally have priority. In this context the introduction of selected “strategies” and concepts of train management are crucial to prevent scheduling problems along the line. 

In particular, considering the journey of international freight trains running during the night through the Swiss-Italian border crossing at Luino, as a matters of fact the North-South direction trains are concluding their trip while South-North direction trains have still a long way to arrive at final destination. Therefore, it was a reasonable assumption to give priority to South-North direction running trains during the night. Furthermore, it was assumed that Luino and Laveno (both as limits of the critical section) have enough siding tracks dedicated to long international freight trains.
To this purpose, in order to support the dispatcher in assigning priority slots for trains, in case of traffic irregularities, the following sub-measures have been selected (Figure 10):
1. Introduction of a rail traffic management tool which gives priority to one specific direction (Asymmetrical Optimization), foreseen in a short term scenario;

2. Design of a Cyclic Timetable including alternative trains paths and re-scheduling decisions, foreseen in a medium term scenario.
In a short term perspective, a “light” organization has been foreseen: in this phase the dispatcher could simply co-ordinate station inspectors, without directly managing the stations interlocking systems. Consequently, he/she can achieve better overview of trains movements along the line and supervise traffic flows on the line. In this way he/she can reduce some delays ((1) by setting up Asymmetrical Optimisation and creating synergies with different actions at station level.

The medium term approach foresees a heavier organisation and the introduction of a Centralised Train Control (CTC) to provide the dispatcher with remote control of stations’ interlocking systems. This approach can further reduce delays ((2) through a combination of more sophisticated tools such as: ISs able to describe the line situation (i.e. Mercurio/Europtirails), a DSS and/or traffic planning tool such as the Cyclic Timetable.

In a wider perspective, the development of the medium term approach could lead to real time management of trains circulation irregularities through the circulation information system enhancement (to allow more efficient trains tracking and tracing) and the use of the previously mentioned DSS.

The outcomes of the 2 measures, exceeding the project’s time horizon, were only simulated: by giving priority to South-North direction running trains, the delay reduction could be increased greatly (up to 120% in case of huge circulation disruption) while, for southbound trains, reduction could be lower (60%). Transferability of the cyclic timetable to other sites could be suitable mainly for a single-track line. For other lines, transferability of the cyclic timetable principle could be useful only if passenger traffic is already planned in the same way.

3. CONCLUSIONS
The project results provide an overview of the main features of the intermodal freight transport at terminal and network level, suggesting also selected measures and/or actions that can improve the efficiency and the effectiveness of border crossings operations.

In particular, they respond to the following goals:

1. the optimisation of the intermodal procedures management;

2. the optimisation model for transhipment and loading planning;

3. the harmonisation of the ISs among the actors of the transport chain;

4. the planning of specific integrated timetables;

and even though they are addressing specific problems solutions, they are characterised by the following common features:

1. the reduction of the bottlenecks due to the rail border crossing operations;

2. the redesign of the existing ISs;

3. the promotion of the co-operation among the intermodal chain players;

4. the development of a continuous improvement process (long term perspective).

In conclusion, the main project findings can be summarized as follows:

· The harmonisation of the ISs among the involved actors and the setting up also of a Central database can significantly enhance the efficiency and reliability of data transmission avoiding the “non added value” activities, since the lack of functionality in electronic data interchange at terminal as well as at network level represents a common weakness;
· The reduction of total transport time means also reduction of the whole transportation costs (traction and logistic costs); to this purpose, the train pre-advice measure contributes to give added value to the actors chain improving punctuality and accuracy of information, these being essential factors in the intermodal transport operations planning;

· Actors’ co-operation by agreements and cross-border alliances as well as standardization of delivery booking and/or accounting data exchange represent a useful approach to collect and share commercial and operational data;

· The specific solution to integrate the ISs between the RUs of the two border countries and among them and Terminal Operators can improve planning capabilities at terminal level, such as function of the status of the rail network (up to 20%), and reduce the waiting times in Breclav terminal up to 30-40 minutes/train;

· Bottlenecks due to border crossing operations and the lack of rail line capacity prevent trains punctuality and/or delay recovering. Therefore, since the existing European rail line capacity prioritization is “passenger – oriented”, Integrated Timetable Planning suggests respectively a directional freight trains priority (Asymmetrical Optimisation) and the development of alternative trains paths and re-scheduling decisions (Cyclic Timetable), supporting the enhancement of freight transport performances. In this context, the reduction of delay along the line is up to 50%;

· Optimization of the road - rail freight transfer, dealing with the improvement of ITUs movements and storage, is supported by the design and implementation of a DSS for transhipment planning and operation. In Port Bou case the reduction of transhipment time is up to 20% and, moreover, the related processes are less dependent on staff expertise;

· In case the railway transport chain is composed by a multitude of actors (Intermodal and Terminal Operators, RUs and IMs, etc.) the introduction of round tables and meetings of involved actors generates a better co-operation ensuring the achievement of the dedicated measure;

· Cooperation among the actors of the supply chain following a common strategy and defining innovative services can also produce new “customers - oriented” intermodal services, enhancing the competitiveness of rail freight transport. With reference to the Cyclic Timetable, the availability of supplementary slots due to a specific planning in the freight trains circulation could support a new commercial policy, offering patrons a wide range of “time windows” and allowing them to choose the most suitable path for the optimisation of their own freight transport;
· Lack of interoperability of rolling-stock in terms of: locomotive power traction, difference in drivers’ training of the bordering countries (with consequence of locomotives and drivers’ changes at the border station) as well as different standards in rolling stock construction influence timetable reliability. In this context, a better knowledge at European level of the available capacities along selected freight corridors would increase reliability and service quality of rail freight transport;

· It is essential to view the intermodal transport chain as a whole, researching system productivity improvement through new production models at operational level (flows consolidation, block train services) as well as at network level (construction of gateways /hubs). 
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TABLES

Table 1- The  weighted parameter list (■ High relevance, ◙ Medium relevance, □ Low relevance)
	
	NETWORK FAMILY
	TECHNICO-COMMERCIAL FAMILY

	
	Marshalling yard
	Transhipment yard
	Shunting Yard
	Rail-Road
	Maritime
	IWW

	
	
	
	
	Gateway
	Hub
	Dry Port
	Distribution / Satellites
	Mother vessel (RoRo)
	SSS vessel
	Full container
	Multipurpose

	
	
	
	
	
	
	
	
	
	Ferry
	LoLo
	Mix
	
	

	PARAMETERS
	
	
	
	
	
	
	
	
	
	
	
	
	

	Terminal surface
	◙
	◙
	◙
	◙
	◙
	■
	◙
	■
	◙
	◙
	◙
	■
	◙

	Expansion possibilities
	◙
	◙
	◙
	◙
	◙
	■
	◙
	■
	◙
	◙
	◙
	■
	◙

	Storage surface
	□
	□
	□
	◙
	◙
	■
	◙
	■
	◙
	◙
	◙
	■
	◙

	Information Systems
	■
	■
	■
	■
	■
	■
	■
	■
	■
	■
	■
	■
	■

	Wagons/ITU technical imperfections
	■
	■
	■
	■
	■
	■
	■
	■
	■
	■
	■
	■
	■

	N° of tracks x track length under cranes
	□
	■
	□
	■
	■
	■
	■
	■
	□
	◙
	◙
	■
	◙

	Wagon inflation to air compressed pipes
	◙
	◙
	◙
	◙
	◙
	◙
	◙
	◙
	◙
	◙
	◙
	◙
	◙

	Wagon suspension /ITU stowage and gauge respect
	◙
	◙
	◙
	◙
	◙
	◙
	◙
	◙
	◙
	◙
	◙
	◙
	◙

	Wagon labelling
	■
	□
	□
	□
	□
	□
	□
	□
	□
	□
	□
	□
	□

	Switchable voltage/neutral section at the shunting area
	□
	◙
	□
	◙
	◙
	◙
	◙
	◙
	◙
	◙
	◙
	◙
	◙

	Availability of the shunting engine/driver
	□
	■
	■
	■
	■
	■
	■
	■
	■
	■
	■
	■
	■

	N° of tracks at the shunting area x track length x rail operating system
	□
	■
	□
	■
	■
	■
	■
	■
	■
	■
	■
	■
	■

	Type of connection to the main rail network
	□
	□
	□
	◙
	◙
	◙
	◙
	■
	◙
	◙
	◙
	◙
	◙

	Type of connection to the main road network
	□
	□
	□
	◙
	◙
	◙
	◙
	■
	◙
	◙
	◙
	◙
	◙

	N° of gates and parking places
	□
	□
	□
	◙
	◙
	◙
	◙
	■
	■
	■
	■
	■
	■

	N° of weighing equipment/Crane equipped with an integrated weighing system
	□
	□
	□
	◙
	◙
	◙
	◙
	■
	■
	■
	■
	■
	■

	Intermediate storage area at the gate
	□
	□
	□
	◙
	◙
	◙
	□
	◙
	□
	□
	□
	◙
	□

	Terminal internal haulage service
	□
	□
	□
	◙
	◙
	◙
	□
	◙
	□
	□
	□
	◙
	□

	N°  of road ways at the yard
	□
	□
	□
	◙
	◙
	◙
	◙
	◙
	■
	■
	■
	◙
	■

	Position of the ITU pins
	□
	■
	□
	■
	■
	■
	■
	■
	□
	□
	□
	■
	◙

	ITU fastening to the gantry
	□
	■
	□
	■
	■
	■
	■
	■
	□
	□
	□
	■
	◙

	Cranes Transhipment capacity  x N°  of  cranes/track
	□
	■
	□
	■
	■
	■
	■
	■
	□
	□
	□
	■
	◙

	Anti sway system on gantries
	□
	■
	□
	■
	■
	■
	■
	■
	□
	□
	□
	■
	◙

	N° and length of disconnecting tracks
	■
	□
	□
	□
	□
	□
	□
	□
	□
	□
	□
	□
	□

	Automatisation of the bump operations
	■
	□
	□
	□
	□
	□
	□
	□
	□
	□
	□
	□
	□

	Automatisation of the brake adjustment at the shunting track
	■
	□
	□
	□
	□
	□
	□
	□
	□
	□
	□
	□
	□

	Human strength and versatility
	
	
	
	
	
	
	
	
	
	
	
	
	

	Customs controls
	□
	□
	■
	◙
	◙
	◙
	◙
	■
	◙
	■
	■
	◙
	◙

	Documentary controls
	■
	■
	■
	■
	■
	■
	■
	■
	■
	■
	■
	■
	■

	Veterynary controls
	□
	□
	□
	◙
	◙
	◙
	◙
	◙
	◙
	◙
	◙
	◙
	◙

	Phitosanitary controls
	□
	□
	□
	◙
	◙
	◙
	◙
	◙
	◙
	◙
	◙
	◙
	◙


Table 2 - The  key parameters list

	PARAMETERS
	DEMONSTRATORS SITES

	
	Austria-Czech Republic
	France - Spain
	Italy -Switzerland

	1
	Terminal surface
	□
	□
	

	2
	Expansion possibilities
	□
	□
	

	3
	Storage surface under cranes and dedicated areas
	□
	□
	

	4
	Information Systems
	■
	■
	■

	5
	Wagons and ITU technical imperfections
	◙
	◙
	◙

	6
	Length of tracks under the cranes at transhipment yard
	□
	□
	◙

	7
	Brake test
	■
	
	■

	8
	Wagon suspension /ITU stowage and gauge respect
	■
	
	□

	9
	Wagon labelling
	◙
	
	□

	10
	Shunting tracks electrification
	□
	
	□

	11
	N° of tracks at shunting yard
	□
	□
	■

	12
	Terminal connection to the rail network and to the border
	◙
	
	■

	13
	Terminal connection to the road network
	◙
	
	◙

	14
	N° of gates and parking places
	◙
	
	◙

	15
	N° of weighing equipment
	◙
	
	◙

	16
	Intermediate storage area for unaccompanied trailers
	◙
	
	◙

	17
	N° of roadways at the yard
	□
	
	□

	18
	ITU ready for loading (setting pins)
	◙
	◙
	□

	19
	ITU fastening to the gantry
	◙
	◙
	□

	20
	Transhipment capacity of cranes and rolling stock in yard
	◙
	□
	◙

	21
	Anti sway system on gantries
	□
	◙
	□

	22
	N° and length of rail tracks under cranes in the yard
	◙
	□
	◙

	23
	N° and length of disconnecting tracks
	□
	
	□

	24
	Automatisation of bump operations and brake adjustment at the shunting track
	□
	
	□

	25
	Human strength and versatility
	◙
	◙
	◙

	26
	Customs controls
	
	
	□

	27
	Documentary controls
	
	◙
	◙

	28
	Veterinary controls
	
	
	□

	29
	Phitosanitary controls
	
	
	□

	
	■ = high relevance (need for improvement); ◙ = medium relevance; □ = low relevance


Table 3 -  Case study: Border crossing between Austria and Czech Republic – Functional description, key parameters and related impacts
	Functional description
	Key parameters
	Impacts

	Group of terminals within a

cross-border system: Vienna Freudenau, Vienna Northwest, Krems an der Donau, and Wels.

Operations

· Rail transport

· Intermodal transport share is 5%

Actors - Austria

· Ministry of Transport

· ÖBB RCA

· WienCont

· ÖKOMBI (intermodal

· operator)

· Intercontainer Austria

· Hauliers (for intermodal)

Actors - Czech Republic

· Ministry of Transport

· Ceske Drahy

· Intermodal terminal operators (Metrans, Intrans, Bohemiakombi)
	High relevance

Information Systems

· Management of terminal operations (terminal)

· Terminal to terminal communications (intermodal network)

· Train composition, ITU specs etc (rail supply)

· Documentation (intermodal transport chain)

Brake test

Wagon suspension, ITU stowage & gauge related to train inspection before departure

Quality Indicator:

· Delay


	Improvement measures

Further development of the terminal operating systems

Impacts

· Improved data exchange will improve quality of planning and operations,

· Reduction of border waiting time (by 30 – 40 minutes per train) – waiting times for commercial reasons could be reduced to zero

· Possibility of pre-advice to customers – integrating real time operational between RUs and terminals can provide time savings of 1,5 to 2h per train

· Reduction of employees – 24 jobs on both sides of the border

· Re-engineering of processes (less infra, shorter timeframe and reduction of employees)


Table 4 - Case study: Border crossing between France and Spain – Functional description, key parameters and related impacts
	Functional description
	Key parameters
	Impacts

	Operations

· Border crossing operations o CT trains involving rail-rail transhipment and frequently train coupling – decoupling as well
Actors

· RENFE

· Logistic operators

· SNCF

· MUM (RENFE-SNCFco-operation for international rail freight)

· RENFE subcontractors (gantry crane and transhipment operators)
	Infrastructure

· Terminal surface

· Expansion possibilities

· Stacking area under the gantry cranes

· Number of tracks x track length under the

· cranes

· Number of tracks at the shunting area x track length

· Transhipment capacity of the crane x number of cranes per track

· Anti sway system on gantries

· Use of main track for manoeuvres

Information Systems

· Data collection

· Data processing

· Connection to the actors’ information systems

Trains and boxes operation

· Documentary controls

· Trains cut (due to short tracks under the cranes)

· Availability of shunting

· engine and driver

· Wagon and ITU technical imperfections

· Positions of ITU pins

· ITU fastening to the gantry

· Non-standard ITU

Transhipment operations planning

· Transhipment planning staff skills

· Transmission of transhipment instructions to gantry operators
	Improvement measures

Decision Support System for transhipment planning and operation (medium term) and terminal management (long term)

Impacts

· Shorter transhipment time

· Increased reliability of transhipment

· Increased flexibility

· Shorter transit time

· Increased person safety

· Increased train security

· Higher labour efficiency

· Transhipment process less dependent on staff expertise

· Easier learning by new staff


Table 5 - Case study: Border Crossing between Italy and Switzerland – Functional description, key parameters and related impacts
	Functional description
	Key parameters (*)
	Impacts

	Operations

· Mainly Rail-Road Intermodal terminal (transhipment yard)

· Shunting/Holding Yard at Boschetto shared with other terminals

· Border at Luino (60 km far from Novara) 

Actors

· At terminal CIM: CIM (owner) Eurogateway (operator)

· At Shunting Yard Boschetto: Trenitalia (Yard operator)

· On Italian Lines: RFI (Infrastructure Manager), Trenitalia Cargo and others (RUs)

· At the Border (Luino): RFI (Infrastructure manager), Trenitalia Cargo, SBB Cargo and others (Railway Undertakings)

· Along the whole transport chain: CEMAT and others (Intermodal Operators)
	At CIM terminal (C),: between CIM and Boschetto (BC) and at Boschetto shunting yard (B)

· Co-ordination between customers and terminal for intermediate, short and mid term storage (C) [O]

· Introduction of gantry cranes above tracks 5-7 (C) [O, T, I]

· Co-ordination between customers and terminal (C) [O]

· Optimising shunting moves (BC) [O]

· Train brake inflation system (C) [T]

· Possibly, second track between CIM and Boschetto (BC) [I]

· Sufficient number of holding tracks at Boschetto (B) [O, I]

· Sufficient shunting locos and personal at Boschetto (B) [O, T]

· Co-ordination between informatics systems of CIM and Trenitalia (BC) [O]
At the cross-border station (S) and

on the Luino-Novara Line (L)

In order to reduce the delays of train arrivals at Novara - Boschetto (L):

· Sufficient line locos and personal at Luino (S) [O, T]

· Sufficient shunting locos and personal at Luino (S) [O] or

· Use of dual system locomotives

· (S) [O, T]

· Sufficient number of crossing stations on the line (L) [I]

· Modernisation of the security installations of the station Luino (S) and of the line (L) [T, I]
	· 10% less handling of ITUs

· 15% more tracks for transhipment

· up to 40% more trains could be treated at CIM per week

· 5% more ITUs could be delivered on time at CIM

· 5% more ITUs could be delivered on time at CIM

	(*) [O] Organisational, [T] Technical, [I] Infrastructural


Table 6 - QIs and PIs: comparison between Ex-post Results and Ex-Ante Goals (Breclav Terminal)

	Type
	Indicators
	Baseline Value
	Ex-ante Goal
	Ex-post

Value
	Ex-ante Profit
	Ex-post

Profit

	PI
	1 - Time for commercial inspection
	49 min.
	30 min.
	37 min.
	39%
	24%

	
	2 - Share of in-time pre-advised trains 
	74%
	95%
	97%
	28%
	30%

	
	3 - Full Time Equivalent (N° of employees)
	100%
	67%
	64%
	33%
	36%

	QI
	1a - Border waiting times
	74 min
	52 min
	61 min.
	30%
	17%

	
	1b - Trains with “in-time” departure 
	60%
	62%
	75%
	3%
	21%

	
	2 - Share of enhanced pre-advice messages
	0%
	99%
	99%
	-
	-


Table 7 - QIs and PIs: comparison between Ex-Post Results and Ex-Ante Goals (Port Bou Terminal)
	Type
	Indicator
	Baseline Value
	Ex-ante Goal
	Ex-post

Value
	Ex-ante Profit
	Ex-post

Profit

	PI
	1 - Time for transhipment plan
	108 min.
	63 min.
	72 min.
	42%
	33%

	
	2 - Full Time Equivalent
	100%
	58%
	73%
	42%
	27%

	QI
	1 – Wagons loaded according to technical and security rules (via SW)
	0%
	46%
	50%
	46%
	50%

	
	2 – Number of SW transactions 
	7
	10
	10
	43%
	43%


Table 8 - QIs and PIs: Ex-Post Results Assessment (Novara CIM Terminal, 1° sub demo)
	Type
	Indicator
	Code
	Baseline value
	Ex-ante goal
	Ex-post value
	Ex-ante profit
	Ex-post profit

	PI
	Time Rate of the Process
	WTR
	53%
	84%
	84%
	58%
	58%

	
	Full Time Equivalent 
	FTE
	353%
	308%
	308%
	13%
	13%

	QI
	Train Composition Time
	QI
	70 min
	50 min
	47 min
	28%
	33%


ILLUSTRATIONS
[image: image1.jpg]Terminal Type Code

A - gateway / hub

B - wagon marshalling yard
C - box marshalling yard

D - dedicated freight

E - freight & passenger

F - transhipment yard

G - freight village / seaport

Terminal Traffic Code [1.000TTUs]
Class From: Up to

50
51
101
151
200
251
not available

1:17.550.000

—





Figure 1
[image: image2.png]Italy-Switzerland:

. . K Austria-Czech Republic:
interactions between terminal and network

intermodal management procedures

Spain-France:
development of logistical concepts




Figure 2
[image: image3.png]Demo 3 Italy-Switzerland:
interactions between terminal and network

Demo 2 Spain-France:
development of logistical concepts

Documents

A-B Border
Station

Terminal
Operator A

Railway

Operator A I

Railway
Operator B

Terminal
Operator B

Intermodal
! Operator B
Haulier
Operator B
FWD
agency B

Demo 1 Austria-Czech Republic:
intermodal management procedures

Forwarder
(FWD)

Consignee

Haulier
Operator A

FWD
agency A

end user

Seller
end user




Figure 3
[image: image4.wmf]BRECLAV

HOHENAU

 


Figure 4
[image: image5.wmf]HERMES 30 V1

Modul 1

Modul 2

Modul 3

Modul 4

Modul n

Accompanying

 Measure 1

Accompanying

 Measure 2

Accompanying

 Measure 4

Accompanying

 Measure 3

Accompanying

 Measure n

Data Interchange

AT-CZ Roadmap

 


Figure 5
[image: image10.wmf]
Figure 6 - Pot Bou geographical location and layout
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