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Disclaimer 

This Final Report and its associated Technical Reports use the masculine form to aid 

readability. Female and other gender identities are expressly included in this context, insofar 

as this is necessary for the statement. 
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Summary 

Automatic coupling (AC) systems are used in rail freight transportation (RFT) around the world 

ï but not in Europe. Attempts to introduce an AC in the 1960s and 1990s both ended without 

success. As a result, Europe is the last continent without an AC system operating in its RFT 

network. However, it could also become the first to introduce a digital automatic coupling (DAC) 

system.  

A DAC, which not only automatically couples the mechanical connection but also the air line 

for the brake and a power and data bus line, would offer two major advantages: it would 

increase productivity by eliminating the manual coupling process and it would provide the 

technical basis for the digitisation and automation of RFT. The effects of these innovations 

would be to increase both the system speed of RFT and the capacity of the rail infrastructure. 

Consequently, railway undertakings (RU) will not be the only parties who benefit from the 

introduction of a DAC. The DAC also offers added value for various stakeholders ï from the 

railway industry and shippers to railway infrastructure undertakings (RIU), wagon keepers and 

society as a whole ï who will benefit from a more competitive rail freight industry that allows 

traffic to be shifted from road to rail.  

The Federal Ministry of Transport and Digital Infrastructure (BMVI) sees the DAC as a key 

factor in increasing the competitiveness of RFT. DAC products have already been used in the 

research project ñConstruction and Testing of Innovative Freight Wagonsò that was initiated 

and financed by BMVI in 2016. The BMVI invited tenders for the present study in 2019 and 

commissioned hwh Gesellschaft für Transport- und Unternehmensberatung mbH (hwh) with 

its production in June of that year. Four subcontractors participated in the production of the 

study: ConnectedValue Consulting GmbH, Owita GmbH, Berlin University of Technology and 

Dresden University of Technology. 

Cost-benefit estimate for a migration to the DAC 

The study performed a quantity and cost assessment for the EU-wide migration to a DAC. This 

assessment is based on a large number of assumptions and is not intended to replace a 

feasibility study by the respective stakeholders. It assumes the following key data for the 

migration to a DAC: 

Á Between 432,000 and up to 485,000 existing freight wagons and approx. 17,000 

locomotives can be considered for conversion to DAC or hybrid couplings. 

Á The procurement costs of a DAC are estimated at between EUR 4,000 and EUR 5,000 

per unit. The procurement costs of hybrid coupler for locomotives are estimated at EUR 

10,000 per unit. The conversion costs are estimated at EUR 2,500 per freight wagon 

and EUR 5,300 per locomotive. The procurement and installation costs of automation 

components (e.g. automatic brake test) are estimated at EUR 5,000 per freight wagon. 

Á The migration phase for freight wagons in international traffic should be kept reasonably 

short in order to minimise possible operating costs incurred by the parallel operation of 

freight wagons with DACs and screw couplings during this period, and to generate the 

benefits from the introduction of a DAC as quickly as possible. However, it should be 

remembered that sufficient DAC production and workshop capacities must be 

available. A migration period of six years is assumed in the base scenario. 

Á The total costs of an EU-wide migration to a DAC ï with the above-mentioned number 

of existing freight wagons ï are estimated at EUR 4.7 to EUR 6.2 billion. Taking into 
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account the costs of installing automation components in the freight wagons, the total 

costs amount to approx. EUR 6.4 to EUR 8.6 billion. 

Á A total of 28 different use cases were defined for monetising the benefits of introducing 

a DAC. The overall annual benefit potential is estimated at approx. EUR 760 million for 

the EU 27 plus Great Britain, Switzerland and Norway. 

Á Based on the above assumptions, the payback period for an investment in the DAC is 

18 years (base scenario). In another scenario, in which procurement and conversion 

costs are halved and the potential benefits are increased by +30 percent, the payback 

period is nine years. 

State-of-the-art DAC / Current activities / DAC stakeholders 

Currently, four coupling manufacturers are each developing prototypes of a DAC. However, 

the manufacturers are using three different coupling heads (SA3, Scharfenberg and Schwab). 

These prototypes must be tested and the most suitable candidate selected as a future standard 

DAC for the EU. To this end, in 2020, the BMVI invited tenders for a pilot project to 

demonstrate, test and approve the DAC for RFT. The above DAC prototypes will be tested 

starting in summer 2020. A demonstrator train using the DAC type selected for the entire EU 

will then be built.  

The migration to a DAC can only succeed if it takes place throughout the EU. A large number 

of stakeholders must be considered in this process, especially the signatories to the General 

Contract of Use for Wagons (GCU), such as wagon keepers and RUs, but also railway 

infrastructure undertakings (RIU), shippers, freight forwarders, CT operators, the rail industry, 

workshops, associations, regulatory authorities and external investors. Thus, stakeholder 

management will play a key role in the success of the migration to a DAC.  

National and EU-wide legal framework 

The DAC can be approved as a component by means of an intermediate statement of 

verification (ISV). Another possibility is to enter the DAC in TSI as an interoperability 

constituent (IC). An IC can only be introduced as part of a TSI revision. The process for the 

next TSI revision in 2022 has already been initiated by the European Union Agency for 

Railways (ERA).  

Retrofitting existing vehicles with a DAC presents a number of challenges. According to the 

authors' assessment, existing vehicles will require a new authorisation for placing into service. 

The following points are decisive for this assessment: 

1. Possible effect on the overall level of safety (Implementing Regulation 2018/545 Article 

21(12 b)).  

2. Specifications prescribed by TSI (Implementing Regulation 2018/545 Article 21(12)(c)). 

3. The holder of the vehicle type approval is different from the applicant for the conversion 

(Implementing Regulation Article 15(4)). 

Here, the key will be to find practicable ways of converting existing rolling stock without 

incurring major expenses for obtaining a new authorisation for placing in service. Regulating 

the use of power lines and electrical equipment in freight wagons that transport hazardous 

goods is another significant challenge. 
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Identification of standards for the electrical power supply and data connections 

The present study developed a concept for the future electrical power supply and data 

connections in freight trains. The performance analysis used for designing the power supply 

system showed that each wagon should be provided with min. 30 W of electrical power. The 

power supply concept is based on a line running through the train, fed by the locomotive at a 

voltage of 110 VDC. A net data rate of approx. 30 kbit/s is required for the communication 

system. In principle, a powerline solution, a short-range radio solution (Wi-Fi) at the coupling 

point and a two-wire communication line (CAN, Ethernet) are promising and possible 

approaches. However, no reliable decisions can be made regarding systems and technology 

without performing measurements in the train. A decision was therefore made to evaluate three 

systems (powerline, radio, CAN) during the test phase. Rough preliminary specifications for 

the above-mentioned systems were developed to facilitate testing.  

A three-step approach is proposed for producing a standard for the electrical power and 

communication system:  

1. Selection of a DAC, as well as electrical power and communication systems, based on 

measurements in a test train. 

2. Construction of a demonstrator train with functional models of the electrical power and 

communication systems based on industrially available hardware. 

3. Development of special components for the electrical power and communication 

systems by various hardware and software manufacturers (incl. communication 

protocols).  

It is recommended that these standardisation, development and implementation steps be 

initiated by the rail freight sector as part of an EU-wide project. 

Parallel operation of screw coupling ï DAC / Migration planning 

Freight wagons with screw couplings and freight wagons with DACs are not compatible with 

each other, i.e. they can only be operated together in the same train by using an adapter 

solution or a buffer wagon with hybrid couplings. This phase of parallel operation is a major 

challenge for the migration to a DAC. Operating ñmixedò trains is likely to result in higher costs 

due to the use of a buffer wagon. On the other hand, operating ñseparateò trains could reduce 

train capacity utilisation. Parallel operation ï especially in single wagon traffic ï could therefore 

lead to higher operating costs during the DAC migration. To ensure effective parallel operation 

of the two coupling systems, detailed analysis of the situations in sidings, train formation 

facilities (TFFs) and the train network is required.  

TU Dresden has simulated the parallel operation processes in a TFF. This involved a fictitious 

conversion of the freight wagons processed in the TFF to a DAC according to wagon 

categories/industry. Within the wagon categories, however, the wagons were converted at 

random in an uncoordinated manner. The simulation was carried out for both the ñmixedò and 

"separate" operating models. 

Overall, the analysis indicates that considerable additional shunting work could be expected in 

the TFFs if wagons are converted in an uncoordinated manner during the parallel operation 

phase of wagons with screw couplings and wagons with a DAC. Without additional resources 

(infrastructure, personnel, locomotives) or functioning controls for the migration and daily 

operations, the TFFs quickly reach their capacity limits. To plan different approaches to the 

migration, further studies are required ï on possible changes in the single wagon traffic 
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network, and on the feasibility and effects of comprehensive controls for the network and TFFs. 

Customers should also be involved in this process. Intelligent control of the migration process 

in the network and TFFs will play a key role in maintaining the performance of single wagon 

traffic during the migration phase. 

Financing model for the DAC 

The benefits of using freight wagons converted to a DAC are not realised immediately. Instead, 

they depend on the conversion density of all relevant freight wagons. For a wagon keeper/RU, 

it could make greater business sense to wait until other companies have converted their freight 

wagons before migrating to the DAC. Several cost allocation models, which aim to provide 

compensation for the disadvantages of early adoption, were developed and tested. A benefit-

related user fee, that increases with the proportion of wagons converted, would be a suitable 

instrument for compensating the ñdisadvantage of early conversionò.  

The scale of investment in a DAC, and the unusual utility curve during the migration, make it 

imperative that accounting and refinancing solutions meet several requirements:  

Á Avoidance of strongly negative cash flows for users during the migration phase; 

Á Refinancing options that put the minimum strain on balance sheets; 

Á Management and, if necessary, the transfer of certain risks; 

Á Possible support from the public sector. 

Organisational model for the DAC 

The tasks required for the EU-wide migration to the DAC have been identified and a proposal 

for the organisational structure has been prepared. Existing EU-wide organisation forms can 

mostly be used here. The organisation should include the following core functions: 

Á Technical: A technical standard for the DAC and a standard for power and data 

management should be defined and incorporated into the regulatory framework.  

Á Operational: A uniform operational standard for running freight trains with a DAC should 

permit the harmonisation of operational procedures.  

Á Financial/Administrative: Administrative, accounting and financing processes should be 

developed.  

Á Regulatory: Technical and operational standards should be integrated into the existing 

regulatory framework. Barriers to implementation should be reduced by moderate 

regulatory measures, e.g. through targeted funding. The introduction of the DAC should 

result in an EU-wide initiative, and thus extend beyond the national level. Suitable 

responsibilities should therefore be clearly defined for the DAC migration at the EU 

level. 

Á Coordination: EU-wide coordination of the preparation and implementation of the DAC 

migration is recommended.  

Roadmap for the migration to the DAC 

Assuming a migration period of six to eight years, and that migration to the DAC should be 

largely completed by 2030, the migration process should start in 2023/2024 at the latest. The 

period from 2020 to 2023 would therefore have to be used intensively to meet all the 

requirements for a successful migration to the DAC. The following milestones should be 

achieved: 
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Á Functional requirements for the DAC should be drawn up within the framework of a 

DAC specifications document.1 These specifications should be used during 

subsequent work on standardisation of the DAC and revisions to TSI. A test concept 

should also be developed2, coupling tests performed and DAC demonstrators 

implemented for the various DAC prototypes. Only when these test results become 

available ï as soon as possible ï can a future European DAC standard be selected.  

Á An EU-wide standard should be developed for the selected DAC type to ensure that 

couplings of this type from different manufacturers are compatible with each other. 

Á Finally, regulatory requirements for the installation of the DAC in freight wagons and 

the use of DACs in freight trains should be established within the framework of a 

revision to the relevant TSI. A time frame for the conversion of the majority of existing 

freight wagons should also be set. It is also recommended that funding programmes 

for the migration to a DAC be established at EU and, if necessary, at national level.  

Á Since the use of a DAC will change operational processes, new processes should also 

be standardised throughout the EU, wherever possible. 

Á Likewise, a coordinated EU-wide migration plan for converting existing freight wagons 

should be produced and used to estimate the expected demand for DAC production 

and workshop capacity. 

Á Before the roll-out of the DAC takes place, a number of commercial trains should be 

put into operation with a DAC in order to gain further experience with this technology. 

Á There are many interdependencies between the above measures. Consequently, there 

is a strong need for EU-wide coordination of the preparation and implementation of a 

DAC migration.  

Barriers to implementation and proposals for their removal 

Various barriers to implementation exist for the EU-wide migration to a DAC, e.g. the lack of 

agreement on a DAC standard or the lack of financial strength in the RFT sector. These 

barriers to implementation have been identified and proposals developed for eliminating them 

in order to ensure a successful migration to the DAC.  

Conclusion 

The RFT sector faces major challenges. Routine railway operations continue to use some of 

the same technologies and processes that they did 100 years ago. Moreover, the railways 

have not yet found a way to compensate sufficiently for declines in bulk freight transport, 

especially in single wagon traffic, by attracting consignments from other segments, such as 

freight forwarding or consumer goods transports. Current technologies and work processes 

are only capable of meeting customer requirements in these segments to a limited extent. A 

significant leap in efficiency is required to meet the sector's own objectives and the transport 

and environmental policy objectives of shifting more traffic to rail. Innovations in technology, 

and in processes, will play a significant role here.  

Many RUs in the RFT sector do not have sufficient earnings to finance an extensive 

modernisation process, such as the migration to the DAC, on their own. For this reason, the 

authors of this study consider EU-wide financial support for rail freight transport to be a key 

factor in the success of the conversion to the DAC.    

 
1 A DAC specification has already been drawn up within the framework of the DAC industry platform (see Annex 3). 
2 A DAC test concept has already been drawn up within the framework of the DAC industry platform (see Annex 3). 
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1. Introduction 

Even in the 21st century, making up and breaking up freight trains in sidings and marshalling 

new trains in train formation facilities is a lengthy, labour intensive activity. As well as coupling 

and uncoupling freight wagons or locomotives, operational staff employed by the railway 

undertaking (RU) must perform additional tasks, such as recording freight wagon data in 

mobile data acquisition devices, determining the wagon order, checking the braking 

functionality (brake test), performing technical inspections of the wagons, checking the brake 

lever positions and attaching an end of train signal.  

In view of the low average transport distance of 253 km3 in European rail freight traffic, this 

wide range of time-consuming activities involved in making up and breaking up trains is 

disproportionate to the actual transportation time. This leads to high production costs and 

significantly impacts the productivity of rail freight compared to road transport, especially in 

short-distance services and single wagon traffic (SWLT).    

Digitisation, automation and the use of modern technologies offer the rail freight transportation 

sector an opportunity to reduce the time required for the above-mentioned activities. However, 

automating a single step of the process does not necessarily increase productivity in the overall 

rail freight system. Other processes, alongside coupling/decoupling, must also be considered. 

Several attempts to introduce an automatic central buffer coupling (AC) in Europe have failed 

over recent decades because the high costs of introducing an AC were offset by only minor 

benefits (focused solely on the mechanical coupling process). 

In other regions around the world, on the other hand, automatic couplings have been in 

operation for many years and proven their worth. However, the overall conditions for rail freight 

transport are quite different in many of these markets, especially in large countries/regions 

such as the USA, Canada, Australia or CIS. For example, the average distance of a rail freight 

transport in the USA is 1,476 km4, and trains can be up to several kilometres in length. The 

automatic coupling reveals its true advantages in the operation of long and heavy trains - in 

contrast to European conditions, where comparatively short trains are run over short distances 

(see above).  

Currently, various stakeholders in the rail freight sector are working on technical innovations 

that will enable operators to automate key processes, such as brake tests, registration of 

wagon order and technical inspections of wagons. This could significantly simplify operating 

processes in preparing and breaking up trains, thus increasing productivity in rail freight 

transport. However, these automated processes can only lead to a sustainable increase in 

productivity if the coupling process is also automated by the introduction of an automatic 

coupling. 

In addition to the introduction of an AC, two further resources ï neither of which are available 

in current freight wagons ï are required for the automation of operating processes in European 

rail freight transport today: sufficient electrical power in the freight wagons and in-train data 

communication for safety-relevant applications. 

A digital automatic coupling (DAC) offers the familiar advantages of an automatic coupling in 

terms of the mechanical connections between the freight wagons. However, it is also capable 

 
3 cf. Eurostat, International annual rail freight traffic from country of loading to reporting country, 2015.   
4 cf. https://www.forschungsinformationssystem.de/servlet/is/9055/, accessed on 27.09.2019. 
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of automatically coupling and decoupling the air, power and data bus lines. Consequently, it 

has a key role to play as an enabler in the digitisation and automation of rail freight transport.  

Various manufacturers are currently developing initial prototypes of such a DAC for rail freight 

transport. As part of the research project ñConstruction and Testing of Innovative Freight 

Wagonsò run by the Federal Ministry of Transport and Digital Infrastructure (BMVI), two 

different types of AC were tested in a demonstration train between 2016 and 2019. In May 

2019, SBB Cargo AG started commercial operations with 100 intermodal wagons using an 

automatic Scharfenberg-type coupler in combined transports in Switzerland. Deutsche Bahn 

AG is also running its own innovation project ñDigital Automatic Coupling for the Automation of 

Rail Freight Transport in Europe.ò In addition, the European research project ShiftĮRail5 is also 

involved in the development of DAC. 

The greatest obstacle facing the introduction of a DAC into European rail freight transport is 

the development and implementation of a migration strategy that is supported by all 

stakeholders. Such a DAC migration strategy must address technical, operational, 

organisational, financial and regulatory issues. 

By commissioning this study, the German Federal Ministry of Transport and Digital 

Infrastructure (BMVI) is commissioning and financing the production of a concept to facilitate 

migration to a digital automatic coupling system in rail freight transportation throughout the EU. 

 

  

 
5 cf. https://shift2rail.org/ 



  

14 
 

2. Aims of the study and approach 

The DAC is seen as a key factor in increasing the competitiveness of rail freight compared to 

road haulage. The BMVI is therefore seeking to promote the introduction of the DAC. For this 

purpose, it decided to commission a migration concept for the EU-wide introduction of the 

DAC. 

In March 2019, the BMVI6 invited tenders for a study titled ñDevelopment of a concept for the 

EU-wide migration to a digital automatic coupling system (DAC)ò. In June 2019, hwh 

Gesellschaft für Transport- und Unternehmensberatung mbH (hwh) was commissioned to 

carry out the study. 

In order to develop a migration strategy for a DAC, the study had to address a wide range of 

technical, operational, organisational and financial issues. It was therefore divided into the 

following four work packages and sub-projects: 

Fig. 1: Project structure for DAC migration strategy 

 

Source: hwh  

The Final Report of this study is structured as follows: first, it provides an introduction to the 

topic of the digital automatic coupling (see Chapter 3).  

Chapter 4 analyses the framework conditions required for the migration of a DAC into the rail 

freight transportation system. This includes, in particular, the determination of a quantity 

structure for the freight wagons and locomotives to be equipped with a DAC during migration, 

or which are technically prepared for the installation of a DAC. To estimate the total investment 

costs, it is also necessary to determine the costs for the procurement and installation of a DAC 

in freight wagons and locomotives. On the revenue side, Chapter 4 analyses the financial gains 

to be expected from the use of a DAC in rail freight transport. For this purpose, it defines 

several ñuse casesò to estimate the potential benefits of the DAC. In addition, it analyses the 

production capacities of the worldôs coupling manufacturers as well as workshop capacities in 

Europe in order to assess the time period in which a migration to the DAC is feasible. The 

 
6 cf. BMVI (2019), Specifications for the award of contract ï ñDevelopment of a concept for the EU-wide migration of a Digital 
Automatic Coupling System (DAC) for rail freight transportationò, Berlin, 2019. 
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product of these considerations is a cost-benefit assessment for the EU-wide introduction of a 

DAC in rail freight transport. (see Chapter4.1). 

Chapter 4.2 and 4.3 present the current state-of-the-art with regard to the use of automatic 

coupling technology in worldwide rail freight traffic, as well as the latest research activities 

relating to the DAC. It pays particular attention to the activities of manufacturers who are 

currently developing prototypes of a digital automatic coupling. Chapter 4.4 analyses national 

and EU-wide legal frameworks that must be considered during the introduction of a DAC. This 

includes an examination of the general legal requirements for electrical power lines in freight 

wagons under hazardous goods regulations. Chapters 4.2 to 4.4. contain the key information 

on each of these topics. A separate, detailed investigation of this area is presented in the 

ñTechnical Report: DACò. 

The transportation of rail freight in Europe is highly cross-border in nature. This raises the 

question of which participants must, under all circumstances, be involved during the migration 

of the DAC to rail freight transport (see Chapter 4.5), and which of these transport markets and 

actors already have plans for the introduction of a DAC (see Chapter 4.6). 

Finally, Chapter 4.7 examines what requirements exist for innovative electrical power and data 

management in freight trains, and what standards should be introduced for these areas in 

future. There is also a separate technical report on energy and data management in freight 

trains (ñTechnical Report: Electrical Power/Dataò).  

An EU-wide migration to the DAC can only succeed if a unification process is initiated 

throughout the sector, resulting in the definition of a standard DAC for Europe (see Chapter 

5.2). It is also vital to ensure that certain basic conditions for establishing a DAC are observed. 

For example, it must ensure that the selection of a standard DAC does not result in one 

manufacturer gaining a monopoly position (see Chapter 5.1). 

Automatic couplings are classified according to five different types that reflect their differing 

levels of automation ï from AC Type 1 up to DAC Type 5, in which the decoupling process can 

be initiated remotely. If the EU migrates to the DAC, it is possible that DACs with differing 

levels of automation may be installed in the freight wagons over time (depending on technical 

availability and the automation level of RFT as a whole). Consequently, it is important that the 

different DAC types are upwardly and downwardly compatible with each other. The key 

compatibility requirements are described in Chapter 5.3. 

During the migration phase, freight wagons with screw couplings and DACs will operate in 

parallel. Since the DAC will not be compatible with the screw coupling, there are various ways 

to approach the issue of parallel operation in practice: Freight wagons with DAC and screw 

couplings will either be operated using completely separate production systems during this 

period, or they will be connected to each other in mixed trains using special coupling wagons 

or adapter solutions. Whichever of the above options is implemented, and in whatever ratios, 

this period of parallel operation is expected to result in greater expenditure of resources (time, 

personnel, infrastructure) during the migration. The effects of parallel operation as well as the 

requirements for migration planning are analysed in Chapter 5.4. A technical report has also 

been produced on this subject (ñTechnical Report: Parallel Operation of DAC and Screw 

Coupling"). 

The financial costs of introducing a DAC in Europe are very high and cannot be financed by 

the wagon keepers alone. A solid financing model will thus play an important role in the 

success of a DAC migration (see Chapter 5.5). An analysis of required tasks and functions as 
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well as an organisational model for the roll-out of a DAC are presented in Chapter 5.6. Finally, 

Chapter 5.7 examines the legal and regulatory implications as well as requirements for an EU-

wide migration to a DAC. 

Chapter 6 then uses the analyses presented in the previous chapters to derive 

recommendations for action. In particular, it presents a roadmap for the migration to a DAC 

(see Chapter 6.1). Chapter 6.2 summarises all the key barriers to implementation for the 

migration to a DAC and makes proposals for the removal of these obstacles. 

A migration to DAC in Europe can only be achieved if all the relevant stakeholders actively 

support this project. In this respect, stakeholder management will play a decisive role in the 

success of the migration to the DAC. During the preparation of this study, discussions took 

place held with many different stakeholders, such as freight wagon keepers, private and state 

rail transport companies, the rail industry, and national and European railway associations. In 

addition, a public event was held to present the (interim) results of the study in December 2019. 

Annex 1 presents the key events and discussions held with stakeholders as part of this study. 
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3. Introduction of the digital automatic coupling 

Automatic coupling systems are used worldwide in rail freight transportation ï but not in 

Europe. Indeed, Europe is the only continent that has not successfully introduced an automatic 

coupling over recent decades. For example, a Janney coupler has been used in the USA since 

1893. An SA3 coupling was introduced in the former Soviet Union between 1935 and 1957. 

Various countries around the world, however, also use mixed systems consisting of AC and 

screw couplings, e.g. Finland. Europe attempted to introduce an AC in the 1960/70s and 

1990s, but without success7 

Fig. 2: Worldwide distribution of automatic couplings in RFT 

 

Source: Sünderhauf, B. (2009); Die automatische Mittelpufferkupplung (The automatic central buffer coupling), 

Cologne. 

Europe is thus the last continent without an automatic coupling system operating in its rail 

freight transportation network. However, Europe could also become the first continent in the 

world with a digital automatic coupling system.  

Automatic couplings were introduced at the beginning of the 20th century with the primary aims 

of increasing occupational safety and reducing shunting accidents (e.g. in the USA). By the 

mid-20th century ï when Europe made its first attempts to introduce an AC ï the focus was on 

increasing productivity during the coupling process. However, the technology available at that 

time only permitted automation of the coupling. Other tasks were not affected and still had to 

be performed by marshalling personnel before the train could depart. In particular, this created 

economic barriers to the introduction of an AC. Today, in the 21st century, the digital automatic 

coupling is considered an essential component for the digitisation and automation of the rail 

freight industry.  

  

 
7 For more information on the worldwide distribution of automatic couplings, please see the Technical Report DAC. 
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Fig. 3: From the automatic coupling to the DAC 

 

Source: hwh 

The DAC not only provides the mechanical connection between the wagons, it also connects 

the air line for the brake system. In addition, it automatically connects an electrical power and 

data line. By ensuring an adequate power supply to the freight wagons, secure data 

communication and automation of the coupling process, the DAC will fulfil all the prerequisites 

for the automation of railway operations. 

Fig. 4: Definition of different (D)AC types 

 

Source: hwh 

Fig. 4: shows the different types of DAC. The AC Type 1 used in most countries around the 

world only provides the mechanical coupling between the wagons. In contrast, a DAC Type 5, 
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for example, can be decoupled remotely as well as automatically connecting air, power and 

data lines. A DAC Type 5 thus offers the greatest added value for the comprehensive 

digitisation and automation of RFT in Europe. However, the technical, operational and financial 

leap from a screw coupling to a DAC Type 5 is also very significant. From a technical point of 

view, the automatic decoupling function would have to be very securely protected against 

external manipulation (cybersecurity). In operational terms, it would be necessary to define 

processes and responsibilities that determine who is authorised to decouple a freight train 

remotely. Compared to a DAC Type 4, a DAC Type 5 would require additional components 

(e.g. an electric motor to perform decoupling), leading to higher procurement costs. There is 

therefore broad agreement in the RFT sector that it should first pursue the migration to a DAC 

Type 4. However, it must also ensure that the DAC Type 4 is upwardly compatible with and 

upgradeable to a DAC Type 5. 

Railway undertakings will not be the only parties who benefit from the introduction of a DAC. 

The DAC also offers added value for various stakeholders ï from the railway industry and 

shippers to railway infrastructure undertakings (RIU), wagon keepers, politics and society as a 

whole ï who will benefit from a more competitive rail freight industry that allows traffic to be 

shifted from road to rail. 

The process of marshalling a freight train and making it ready for departure is still a time-

consuming task in the 21st century. Depending on local conditions and the composition of the 

train, marshalling personnel may have to walk the full length of the train six times while 

performing a variety of tasks. Coupling the wagons is time-consuming but only one of several 

jobs that must be done. This means that although an automatic coupling can reduce the 

amount of work required to marshal a train, it does not eliminate other tasks that must be 

performed by marshalling personnel. Clearly, an integrated approach is the only way to 

automate tasks and procedures in the preparation of freight trains effectively. 

One common assumption is that the advantages of an automatic coupling only apply to single 

wagon traffic. For block trains and combined transports, in contrast, it is often assumed that 

trains can be marshalled with very little or no effort. To refute this thesis, the authors of this 

study, in cooperation with a German railway undertaking, prepared process analyses of six 

different tours for block trains and combined transports. This process analysis investigated 

how often manual tasks had to be performed on the train. In each case, it analysed a tour from 

the siding of the sender to the siding of the recipient or from the dispatching terminal to the 

receiving terminal. 

Fig. 5 shows the results of this investigation. For example, during one tour of a train used by 

the automotive industry, the locomotive was coupled and decoupled twenty-nine times and the 

freight wagons thirteen times. During each tour, the train data had to be recorded and 

processed and wagon lists printed out and physically handed to the driver three times. A total 

of three wagon technical inspections and five brake tests were also performed.  

During another example, a domestic German seaport hinterland transport (combined 

transport), the locomotive was coupled/decoupled eight times, thirty freight wagons were 

coupled/decoupled and the train data were recorded and processed a total of four times. A 

wagon technical inspection was performed four times and a brake test nine times per tour. 
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Fig. 5: Number of manual tasks for block trains / CT trains 

 

Source: hwh 

The analysis clearly shows that automating manual operating processes is not only of interest 

in single wagon traffic, but also increases the productivity of block trains and combined 

transports.  

However, it also proves that the introduction of an automatic coupling alone will only have a 

limited effect on the total costs and time involved in processing freight trains. In order to achieve 

an overall reduction in costs, and thus a significant increase in productivity, the rail freight 

sector will have to introduce further automated components (Fig. 6:).  

Fig. 6: Modular System for the Digitisation and Automation of RFT 

 

Source: hwh 

Telematics and sensor technologies are already widely used in freight wagons. In addition to 

these systems, the following will be required for the digitisation and automation of RFT: an 
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automatic brake test, registration of wagon order, a train integrity test, largely automated 

technical wagon inspections using condition-based maintenance on freight wagons in 

conjunction with stationary systems8, electro-pneumatic brakes, automated train formation 

facilities and autonomous driving. The DAC with a continuous electrical power and data line is 

a key component for the digitisation and automation of the rail freight industry.  

The introduction of the automation applications, described above, will only be possible to a 

limited extent without an adequate and reliable power supply and secure data communication. 

Furthermore, it is inconceivable that, in the future, all manual tasks for the train will be 

automated, but not coupling and decoupling. This would counteract any progress achieved 

through automation. 

  

 
8 e.g. video gates, etc. 
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4. General conditions ï Market overview / State-of-the-art 

In order to develop a concept for the EU-wide migration to a DAC, it is first necessary to 

ascertain various general conditions regarding the market and the state-of-the-art.  

In the first step, it is important to determine the number of freight wagons and locomotives to 

be converted and thus to identify a quantity structure (see Chapter 4.1).The total investment 

costs of a migration can then be estimated using this quantity structure. It is also very important 

to define a suitable period of time for the completion of the migration. The aim is to keep the 

phase in which freight wagons with DACs and screw couplings are in parallel operation as 

short as possible, and thus keep extraordinary operational loads as low as possible during the 

migration. On the other hand, this conversion period must also be realistic and take into 

account the capacities of coupling manufacturers and rolling stock workshops in Europe. In 

addition to the factors described above, the potential benefits of a DAC for European rail freight 

transportation also play an important role in the production of the DAC cost-benefit 

assessment. This, in turn, is required to develop and evaluate suitable financing models for 

the migration to a DAC (see Chapter 5.5). 

Chapter 4.2 describes the state-of-the-art in the world of DAC technology. This chapter first 

investigates the various types of automatic coupling that are used around the world in the rail 

freight industry and the levels of automation they currently achieve. In addition, it presents the 

European routes where automatic couplings are in use today. Chapter 4.3 offers insights into 

the latest research relating to the DAC. In particular, it discusses the ongoing research 

programmes of coupling manufacturers, who are developing prototypes of a DAC Type 4.  

Another important factor that affects the introduction of a DAC is the observance or 

modification of national and EU-wide legal frameworks. Chapter 4.4 presents the relevant rules 

and regulations for the operation of freight wagons or freight trains with automatic couplings 

as well as for electrical power/data lines in freight trains. It also shows how the approval 

process for a DAC could take place in Europe. 

A migration to the DAC in Europe can only succeed if all the relevant stakeholders are able to 

agree on a technical standard and actively support the project. For this reason, Chapter 4.5 

investigates which stakeholders are absolutely essential to the preparation of a migration. It 

does so at two levels: transport markets (countries) as well as companies and associations. 

Finally, Chapter 4.6 describes current activities being undertaken by the aforementioned 

stakeholders in the area of the DAC.  

In addition to a DAC, it will also be necessary to standardise the future electrical power and 

data management systems in freight trains. Above all, the stakeholders must agree a voltage 

level and maximum power consumption per freight wagon for a future power line. To do this, 

however, the cable cross-sections and plug connections must also be standardised. The 

stakeholders must also first identify and recommend a suitable technology for use as the 

standard data line in RFT (e.g. CAN, Ethernet, Powerline,...). In the next step, they must 

produce data management specifications including the standardisation of communication 

protocols (see Chapter 4.7). 
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4.1 Cost-benefit estimate for a migration to the DAC 

The EU-wide migration to a DAC is a major challenge for the rail freight industry due to the 

large number of freight wagons and locomotives in service, as well as the high retrofitting costs. 

It is therefore essential to be absolutely transparent about the level of investment required, but 

also about the benefits of a DAC. To do this, it is first necessary to determine the various 

parameters in order to lay the groundwork for calculating the potential costs and benefits. In 

particular, the parameters shown in Fig. 7: must be determined or defined. 

Fig. 7: Input parameters for a business case for the DAC 

 

Source: hwh 

The following chapters present the essential analyses and results for the parameters described 

above. 

4.1.1 Freight wagon fleets in Europe / Convertibility / Number of new wagons  

Freight wagons are registered in the respective national vehicle registers of the EU Member 

States. A study conducted by TÜV Rheinland InterTraffic GmbH on behalf of the German 

Federal Railway Authority9 (EBA), estimated the total number of freight wagons registered in 

the EU-27 plus the United Kingdom, Switzerland and Norway at 712,265 wagons owned by 

994 wagon keepers.10 The European freight wagon fleet is distributed between the European 

countries as shown in Fig. 8. The largest wagon fleets are registered in Germany (166,239 

freight wagons), Poland (91,018) and France (75,068).  

 
9 Liebing, S., TÜV Rheinland Intertraffic GmbH, Quantification of the retrofitting needs of freight wagon fleets in Germany and the 
EU Member States under various legal scenarios, on behalf of the German Federal Railway Authority, Berlin, 2019. 
10 cf. Ebenda, p. 41. 
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Fig. 8: Freight wagon fleet in Europe according to the ECVVR11 

 

Source: Liebing, S., TÜV Rheinland Intertraffic GmbH, Quantification of the retrofitting needs of freight wagon fleets 

in Germany and the EU Member States under various legal scenarios, on behalf of the German Federal Railway 

Authority (EBA), Berlin, 2019, p. 41. 

The total number of freight wagons in Europe, stated above, also includes freight wagons for 

broad-gauge railways (e.g. Iberian peninsula, Finland, Baltic States). Taking into account 

freight wagons that can also be changed to standard gauge (1,435 mm), the total number of 

freight wagons that can run on standard gauge is 642,287.12  

However, not all registered freight wagons in Europe necessarily have to be equipped with a 

DAC. The most relevant candidates for retrofitting are those freight wagons which are 

exchanged between different RUs. This fleet of wagons must be compatible not only in terms 

of their coupling systems, but also their power and data management systems. 

The General Contract of Use for Wagons (GCU)13 regulates the conditions under which freight 

wagons are provided for use as means of transport by RUs in national and international rail 

freight transport within the scope of the applicable COTIF14. The GCU must be signed as a 

basic condition before RUs are permitted to exchange freight wagons under the terms of these 

contracts. A total of 679 contracting parties have signed the General Contract of Use for 

Wagons.15 Most of the signatories come from Germany (208), followed by the Czech Republic 

(65), France (56) and Poland (51). 

 
11 ECVVR = European Centralised Virtual Vehicle Register 
12 cf. Liebing, S., TÜV Rheinland Intertraffic GmbH, Quantification of the retrofitting needs of freight wagon fleets in Germany and 
the EU Member States under various legal scenarios, on behalf of the German Federal Railway Authority (EBA), Berlin, 2019, p. 
42. 
13 cf. General Contract of Use for Wagons, Article 1.1. 
14 COTIF = Convention concerning International Carriage by Rail (applicable in Europe, Maghreb and the Middle East, cf. 
https://www.cit-rail.org/de/eisenbahntransportrecht/cotif/).  
15 Date: 18.06.2019 
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Fig. 9: Number of signatories to the GCU by country 

 

Source: General Contract of Use for Wagons, Date: 18.06.2019 

The 679 signatories include 280 companies that are purely freight wagon keepers and 150 

companies that are both RUs and wagon keepers. A further 248 signatories are exclusively 

RUs but do not have their own freight wagons.16  

The 430 wagon keepers in the GCU currently have approx. 568,000 freight wagons listed for 

mutual exchange between the signatories. This is the relevant number in terms of the 

conversion of the European freight wagon fleet. In the following, it is therefore assumed that a 

total of 568,000 freight wagons will have to be retrofitted during the migration to the DAC. 

The next step was to determine what proportion of these 568,000 freight wagons also have 

the technical space required for the installation of an automatic central buffer coupling in 

accordance with UIC Guideline 530-1. It was therefore decided to request this information from 

various wagon keepers17 representing a total fleet of approx. 250,000 freight wagons. The 

wagon keepers were asked about the percentage of freight wagons in their total fleets that 

have space for an automatic centre buffer coupling. Their responses were based on 

evaluations of their own rolling stock databases. The study showed that between 95 and 98 

percent of the freight wagons belonging to the wagon keepers surveyed do have space for the 

installation of an automatic central buffer coupling.18 Freight wagons without an installation 

space should be inspected individually to determine the extent to which it might be technically 

possible to create one. If this should not be possible for technical or financial reasons, it will be 

 
16 A list of the current signatories to the GCU can be found at: https://gcubureau.org/signatories. 
17 The wagon keepers surveyed were those represented in the Technical Innovation Circle for Rail Freight Transport TIS: DB 
Cargo AG, Ermewa SA, GATX Rail Germany GmbH, SBB Cargo AG, VTG AG, Wascosa AG. 
18 Even if ñinstallation space for central buffer couplingò is stated among the wagon properties in the company's own vehicle 
databases, this does not necessarily mean that an automatic central buffer coupling can be installed in all freight wagons without 
major complications. A detailed examination of the technical drawings of the freight wagons is first required to confirm this. 
Absolute certainty ï especially with older freight wagons ï is only possible after a visual inspection of the installation space. 
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necessary to develop an operating strategy for these freight wagons to ensure that they can 

also be used in mixed traffic in the future (e.g. via buffer wagons or adapters).19  

In the following, it is assumed that it would be technically feasible to install the DAC in approx. 

95 percent of the European freight wagon fleet of the GCU. This corresponds to a total of 

539,600 freight wagons.20 

However, apart from the question of whether retrofitting the freight wagons is technically 

possible, it is also necessary to ask whether it also makes sense economically. Key criteria 

here include the freight wagonôs age, its probable remaining service life and, in particular, its 

relevance to traffic. For example, a 45-year-old freight wagon, which may still be in occasional 

use for just a few years, e.g. in seasonal traffic, is unlikely to be equipped with a DAC.  

The age structure for the European freight wagon fleet is available from the ECVVR. Here, the 

average age of the freight wagons is approx. 31 years. Furthermore, approx. 60 percent of all 

freight wagons registered in Europe are older than 30 years (see Fig. 10). This makes the 

question of economic viability all the more important ï especially for older freight wagons with 

a DAC. 

Fig. 10: Age structure of the European freight wagon fleet according to the ECVVR 

 

Source: Liebing, S., TÜV Rheinland Intertraffic GmbH, Quantification of the retrofitting needs of freight wagon fleets 

in Germany and the member states of the European Union under various legal scenarios, on behalf of the German 

Federal Railway Authority, Berlin, 2019, p. 99. 

However, this is difficult to estimate in the context of the present study. These are business 

assessments produced by freight wagon keepers and depend on the age, remaining service 

life and range of use of the freight wagons. 

 
19The development of an operating strategy for the parallel operation of freight wagons with DAC and screw coupling is not part 

of this study.   
20 95 percent of 568,000 freight wagons according to the GCU register. 
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Furthermore, it is also necessary to ask to what extent all freight wagons must be equipped 

with a DAC, or whether it would be possible to connect two or more freight wagons to each 

other permanently via a coupling rod and only install a DAC at each end of the vehicle unit. 

This would reduce the number of freight wagons to be retrofitted and, of course, the investment 

costs. In practice, however, each individual freight wagon would still have to be equipped with 

a power and data line as well as automation components. Furthermore, it seems likely that the 

proportion of freight wagons which are suitable for a fixed coupling rod connection is rather 

low. One reason for this is that a large part of the European freight wagon fleet is not used on 

fixed routes that are separated from other traffic. Another is that freight wagons have to be 

removed from the train for maintenance. If freight wagons were permanently connected by a 

coupling rod and one freight wagon suffered damage, the entire wagon unit ï not just the 

affected freight wagon ï would have to be shunted out of the train and transferred to a 

workshop. This would reduce train capacity and lead to a loss of revenue for the RUs. Finally, 

a technical solution of this kind would reduce flexibility in the disposition of freight wagons 

equipped with coupling rods, especially for wagon leasing companies with leasing contracts 

that usually only run in the medium term. For all these reasons, it is anticipated that a fixed 

coupling rod connection will only be a suitable solution for a small proportion of the European 

freight wagon fleet. 

However, in order to obtain reliable information about the expected proportion of freight 

wagons that are unlikely to be equipped with a DAC ï for the reasons described above ï this 

study conducted a survey of various wagon keepers.21 They expected an average of approx. 

10 to 20 percent of freight wagons not to be equipped with a DAC. This means that a total of 

approx. 432,000 to 485,000 freight wagons can be considered for retrofitting with DAC.22 

Fig. 11: summarises the assumptions made in this chapter regarding a quantity structure of 

freight wagons that are eligible for retrofitting with DAC. 

Fig. 11: Quantity structure for freight wagons eligible for migration to the DAC 

 

Source: hwh  

In the following, it is therefore assumed that between 432,000 and 485,000 freight wagons in 

Europe will be equipped with a DAC in the course of a migration. 

It is expected that new freight wagons will replace very old freight wagons, which will therefore 

not require retrofitting. For this reason, it is important to factor in the number of new freight 

 
21 The wagon keepers surveyed were those represented in the Technical Innovation Circle for Rail Freight Transport TIS: DB 
Cargo AG, Ermewa SA, GATX Rail Germany GmbH, SBB Cargo AG, VTG AG, Wascosa AG. 
22 80 percent to 90percent of 539,600 freight wagons technically suitable for DAC installation. 
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wagons built each year. Throughout Europe, approx. 78,000 new freight wagons were built 

and registered in the ECVVR between 2009 and 2018.23 Thus, it can be assumed that approx. 

8,000 freight wagons are built each year.  

There remains the question of how the market share of rail freight transport in Europe, traffic 

volume and thus the number of freight wagons will develop in the future. Even though forecasts 

anticipate further traffic growth, and there is the political will to strengthen the role of rail freight, 

the calculations presented in this study assume a constant stock of freight wagons in Europe. 

This assumption is based on two observations: 

Á New freight wagons generally have much higher payload capacities than the older 

freight wagons they are replacing. For example, a modern, four-axle bulk wagon with 

a payload of 67 t replaces up to 2.4 of the older two-axle bulk wagons with a payload 

of 28 t.24 

Á The installation of a DAC and other automation components should also significantly 

increase the productivity of the freight wagons, so the same number of freight wagons 

can transport more goods in total. 

4.1.2 Locomotive fleet in Europe 

In addition to freight wagons, it is essential that the locomotives used in rail freight 

transportation are also equipped with a DAC. During the migration period, locomotives will 

have to pull not only freight wagons with a DAC, but also wagons with screw couplings (in 

parallel operation). This will make retrofitting locomotives with a ñhybrid couplingò unavoidable. 

Just as it was necessary to calculate the size of the freight wagon fleet in the EU, it is also 

important to determine the number of locomotives used in European rail freight transport. 

A total of 21,123 locomotives were identified as being currently in use by the rail freight industry 

in Europe on standard gauge (1,435 mm).25 The largest RFT locomotive fleets are in Germany 

(4,531 locomotives), followed by Poland (3,831), Hungary (1,564) and France (1,949) (see Fig. 

12:). 

  

 
23 cf. Liebing, S., TÜV Rheinland Intertraffic GmbH, Quantification of the retrofitting needs of freight wagon fleets in Germany and 
the EU Member States under various legal scenarios, on behalf of the German Federal Railway Authority (EBA), Berlin, 2019, p. 
42. 
24 Example: Tanpps bulk freight wagon with a payload of 67.5 tonnes compared to a two-axle TD wagon. 
25 Source: Data requested from the editorial office of ñEuropªische Bahnenò, www.eu-bahnen.info 



  

29 
 

Fig. 12: Locomotive fleet in Europe for RFT 

 

Source: Data requested from the editorial office of ñEuropªische Bahnenò, www.eu-bahnen.info  

As with the freight wagons, this study also assumes that not all locomotives will be equipped 

with a hybrid coupling for various reasons (age of locomotive, remaining service life, range of 

applications, etc.). To minimise any loss of flexibility in the use of locomotives during the 

migration to the DAC, it is estimated below that 80 percent of the European locomotive fleet 

will be equipped with a hybrid coupling. This corresponds to approximately 17,000 

locomotives. 

4.1.3 Procurement and retrofitting costs for the DAC / automation components 

To develop a cost-benefit assessment for the migration to the DAC, it is also absolutely 

necessary to make assumptions about the procurement and retrofitting costs both for a DAC 

for freight wagons and hybrid couplers for locomotives. 

This is made even more difficult by the fact that, at the time of writing, not even the prototypes 

of a DAC Type 4 exist. Consequently, no commercial offers or market prices are available. 

4.1.3.1 Procurement costs for the DAC / hybrid coupling 

However, it was possible to determine unit prices for a DAC Type 2, which was deployed as 

part of the innovation project ñ5L demonstratorò run by SBB Cargo AG26 and the ñInnovative 

freight wagonò27 run by DB Cargo AG and VTG AG. Based on these unit prices28, the estimated 

effects of potential economies of scale on the future price of a DAC assuming a volume of 

approx. 900,000 DAC units, and various discussions with freight wagon keepers, RUs and 

 
26 Innovation project ñ5L demonstratorò, see http://sbbcargo.pageflow.io/innovation#126421, accessed on 24.09.2019. 
27 BMVI research project ñConstruction and Testing of Innovative Freight Wagons", conducted by DB Cargo AG and VTG AG, see 
www.innovativer-gueterwagen.de, accessed on 24.09.2019. 
28 The unit prices from the two innovation projects cannot be stated here for compliance reasons. 
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coupling manufacturers, the target costs for a DAC and hybrid couplings were assumed to be 

as follows (see Table 1). 

Table 1: Procurement costs/target costs for DAC and hybrid coupling 

Procurement costs (target costs)  Costs in EUR 

Target costs per DAC for freight wagons (1 piece DAC) EUR 5,000 

DAC target costs per freight wagon (2 pieces DAC) EUR 10,000 

Costs per DAC for new freight wagons (1 piece DAC) 

(EUR 5,000 per DAC minus EUR 1,500 for buffer and screw coupling) 

EUR 3,500 

DAC costs per new freight wagon (2 pieces DAC) 

(EUR 10,000 DAC per freight wagon minus EUR 3,000 for buffer and screw coupling) 

EUR 7,000 

Target costs for hybrid couplings for locomotives (1 piece) EUR 10,000 

Target costs for hybrid couplings for locomotives (2 pieces) EUR 20,000 

Source: hwh assumptions 

4.1.3.2 Retrofitting costs for DAC / hybrid coupling 

To determine the retrofitting costs, it was also possible, initially, to draw on experience gained 

from the two innovation projects mentioned above ï the ñ5L demonstratorò and ñInnovative 

freight wagonò. In addition, the values shown in Table 2 were discussed and agreed with 

various freight wagon keepers. 

Table 2: Retrofitting costs for DAC and hybrid coupling 

Retrofitting costs Costs in EUR 

Transfer costs for the freight wagon to/from the workshop  EUR 500 

Workshop costs for DAC installation per freight wagon EUR 2,000 

Total retrofitting costs per freight wagon EUR 2,500 

Transfer costs for locomotive to/from the workshop EUR 500 

Workshop costs for hybrid coupling installation per locomotive EUR 4,800 

Total retrofitting costs per locomotive EUR 5,300 

Source: hwh assumptions 

For each freight wagon, it is assumed that the total cost of installing a DAC is approx. 

EUR 2,500. These retrofitting costs include the cost of transferring the freight wagon to a 

workshop. However, the assumed costs of EUR 500 do not reflect the actual costs of 

transferring a freight wagon to a workshop. In reality, these transfer costs would be significantly 

higher for an individual freight wagon. It is generally assumed, however, that retrofitting work 

will take place during regular inspection dates wherever possible. This would eliminate the 

need for any additional freight wagon transfers to the workshop. Moreover, it is anticipated that 

freight wagons would not be transferred individually but as groups comprising several wagons. 

Again, this would significantly reduce transfer costs. 

Furthermore, it is assumed that the workshop costs per freight wagon are approx. EUR 2,000. 

This value is based on the working time required per freight wagon, which is estimated at eight 

hours for two employees (total working time of sixteen hours). An hourly workshop rate of 
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EUR 100 per employee plus 20 percent administration fee, would result in workshop costs of 

approx. EUR 2,000 per freight wagon. 

For locomotives, the costs are expected to be higher ï approx. EUR 5,300 per locomotive for 

the installation of two hybrid couplings. Here too, the transfer costs are assumed to be 

EUR 500 per locomotive. However, the workshop costs of around EUR 4,800 are significantly 

higher than for freight wagons. It is estimated that the installation of two hybrid couplings per 

locomotive will require about forty hours (EUR 100 per hour plus 20 percent administration 

fee). 

4.1.3.3 Procurement and retrofitting costs for automation components 

To reap the full benefits of a DAC for the automation of operating procedures in the rail freight 

industry, additional automation components will be installed in the freight wagons. These 

include but are not limited to:  

Á a standardised electrical power and data line; 

Á an electro-pneumatic brake or EP brake valves; 

Á a device for performing brakes tests automatically; 

Á a device for performing train integrity tests automatically. 

Freight wagon keepers will certainly consider further opportunities offered by digitisation and 

automation components that go beyond the above components. In the future, they will equip 

their freight wagon fleets individually, based on the intended use and cost-efficiency. For 

example, an electric parking brake could also be introduced for freight wagons in the future. 

However, the various stakeholders in the rail freight sector view the components listed above 

as innovations that can be implemented in the medium term29. Attempts to produce cost 

estimates for these components encounter the same difficulties affecting procurement and 

retrofitting costs for the DAC ï no market prices are currently known for the above components 

and no standards have yet been established. Consequently, estimates of procurement and 

retrofitting costs for automation components can only be considered rough guides.  

In the further course of the project, costs for the procurement of automation components and 

retrofitting are estimated at EUR 5,000 per freight wagon. 

4.1.3.4 Additional costs for the migration to the DAC 

In addition to the procurement and retrofitting costs for DACs, hybrid couplings and automation 

components, listed in the previous chapters, migration to a DAC will create further costs that 

are not included in the cost calculations but should be explicitly mentioned here. 

These include loss of revenue while the freight wagons are being transferred to/from and 

retrofitted in the workshop ï and thus cannot be used for commercial transports. Alternatively, 

short-term hiring of replacement freight wagons would prevent a loss of revenue but increase 

costs. 

Additional expenses for the parallel operation of freight wagons with screw couplings and 

DACs are a further cost block. During an as-yet-unspecified migration period, coupling wagons 

and/or adapters will have to be provided in a decentralised system throughout Europe. In the 

case of mixed traffic, these must be shunted into/out of the appropriate positions in the train. 

 
29 Can be implemented in connection with the introduction of a DAC. 
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Alternatively, two separate production systems could be operated for freight wagons with 

DACs and screw couplings respectively. However, this could lead to trains being utilised below 

their full capacity and thus to higher operating costs. In reality, mixed forms of coupling wagons, 

adapter solutions and ñseparated trainsò will be in operation during the migration period. This 

will lead to additional operating costs.    

4.1.4 Production capacities of coupling manufacturers 

With approx. 432,000 to 485,000 freight wagons to be retrofitted ï i.e. a total of approx. 

864,000 to 970,000 DACs plus approx. 34,000 hybrid couplings for locomotives ï it is important 

to ascertain whether coupling manufacturers will have sufficient production capacity to cope 

with this level of demand.  

To answer this question, this study first determined the number of new freight wagons built 

each year in North America, the former CIS, China and Australia,30 where automatic couplings 

are used in rail freight. The analyses showed that a total of approx. 170,000 new freight wagons 

are built each year in these countries/regions. This also means, however, that approx. 340,000 

automatic couplings are required annually for new freight wagons. It can be assumed that 

these products are also manufactured for other parts of the world where automatic couplings 

are used (e.g. Japan, South America, ...). Automatic couplings are also required for new rolling 

stock in the rail passenger transport sector.  

Based on this research, global production capacity for automatic couplings is estimated to be 

in the region of at least 400,000 units p.a. Assuming a migration period of six years, for 

example, European freight wagon keepers would require between approx. 144,000 and 

162,000 DACs each year. This would correspond to approx. 36 to 40 percent of global 

production capacity. Coupling manufacturers would thus certainly have to expand their 

production capacity. However, such an expansion appears feasible given sufficient lead time 

and provided that manufacturers are offered contractual security from an early stage. 

4.1.5 Workshop capacities for railway vehicles in Europe 

The question of available production capacities applies equally to the workshops responsible 

for retrofitting railway vehicles with DACs in Europe. This will be a major programme requiring 

significant capacity.  

According to the Internet database ñRail-Assetsò31 there are currently 694 workshops for 

railway vehicles in Europe. The German Association of Freight Wagon Keepers (VPI) also has 

a database32 of workshops certified by the VPI, which carry out work in accordance with the 

VPI maintenance guidelines. This lists 188 workshops. 

As stated in Chapter 4.1.3.2, the installation of one DAC per freight wagon is assumed to take 

sixteen hours. The labour required to install a hybrid coupling in a locomotive is estimated at 

forty working hours. The number of railway vehicles to be retrofitted has already been 

calculated at between 432,000 to 485,000 freight wagons and 17,000 locomotives. A total of 

between 7.6 and 8.4 million working hours will therefore be required to equip freight wagons 

and locomotives with DACs and hybrid couplers. 

Assuming a conversion period of six years, for example, this would equate to between 1.26 

and 1.40 million working hours per year. Assuming each full-time employee works a net 

 
30 Analysis based a survey of major wagon keepers that are active worldwide/internationally. 
31 cf. http://www.rail-assets.de/werkstaetten,478.html, accessed on 24.09.2019. 
32 cf. List of workshops inspected by the VPI, Date: 02.05.2019.  
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average of 1,500 hours per year, this corresponds to a personnel requirement of between 840 

and 933 workshop employees. 

In other words, an additional 840 to 933 workshop staff would have to be employed throughout 

Europe to retrofit the freight wagon and locomotive fleet. If the work were to be performed 

exclusively by the 188 freight wagon workshops certified by the VPI, this would create an 

additional requirement of 4.5 to 5 full-time employees per workshop. This would certainly be a 

challenge in view of the shortage of skilled workers. 

It will also be essential to determine the number of additional work stands required in the 

workshops to create the necessary infrastructure for retrofitting. The extent to which mobile 

installation of the DAC is possible (analogous to mobile wheel set exchange) should also be 

investigated. It seems that an expansion of personnel and the required additional work stand 

capacity in workshops is feasible given an adequate lead time and sufficient contractual 

security for the workshops. 

4.1.6 Derivation of the migration period for the DAC 

The next question relates to the time frame in which the migration could and should take place. 

While the migration period must take account of production and workshop capacities (see 

Chapter 4.1.4 and 4.1.5), it must also minimise the period of time in which the two systems are 

operating in parallel.  

There are many examples of migration periods for the introduction of an automatic coupling. 

For example, in the USA, the Janney coupler was introduced between 1893 and 1900 ï a 

period of less than eight years. In Japan, the switch to an automatic coupling (also a Janney 

profile) in 1925 took place within a few days. However, this simultaneous switch was preceded 

by seven years of preparation. In the former Soviet Union, on the other hand, the conversion 

to an SA3 coupling took place over a much longer period between 1935 and 1957. The 

changeover was intended to be much quicker, but had to be suspended due to the Second 

World War.33 

When selecting a suitable migration period, it is also important to note that the potential benefits 

of a DAC or even an automatic coupling can only be fully exploited if a sufficient number of 

freight wagons are equipped with the system. If the conversion period is long, it will be 

particularly difficult to exploit any benefits in the short term ï impairing the economic viability 

of the migration to the DAC. Thus, from a benefits perspective, the migration to the DAC should 

be implemented as quickly as possible. 

From a costs perspective, of course, it would be best if existing freight wagons were not 

retrofitted with a DAC at all and only new wagons were delivered with a DAC. However, as 

already mentioned in Chapter 4.1.1, only around 8,000 freight wagons are currently 

manufactured in Europe each year. At that rate, it would take between 54 and 60 years ï until 

2080 ï to replace the existing European fleet of 432,000 to 485,000 freight wagons with new 

wagons incorporating a DAC. Even assuming a significant increase in the production of new 

freight wagons, e.g. to 16,000 freight wagons per year, it would still take about 30 years until 

all freight wagons were equipped with a DAC. However, the organisation and parallel operation 

costs of the DAC and the screw coupling over such a long period of time would be 

unacceptable for RUs. 

 
33 cf. Hagenlocher, p. (2015), Automatic coupling systems in rail freight transport - An overview, Karlsruhe, 2015, p. 44 and 45. 
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For these reasons, it is important to select a realistic migration period that allows the potential 

benefits of a DAC to be exploited as quickly as possible, while at the same time taking account 

of production and workshop capacities. In addition, costs relating to wagon transfers and their 

temporary removal from service for retrofitting with DACs should be kept as low as possible 

during the migration.  

According to the German Railway Construction and Operating Regulations (EBO) ï §32 

Acceptance and Inspection of Vehicles ï an inspection of railway vehicles should be performed 

at least every six years. The period between two successive inspections may be extended 

several times by one year up to a maximum of eight years, if it is determined that the condition 

of the vehicle permits such an extension.34 

Thus, according to the EBO, freight wagons also become due for inspection or revision every 

six to eight years at the latest. In the case of wagons for the transportation of hazardous goods, 

these revision cycles are reduced to four years.  

The following section presents two migration scenarios ï M1 and M2 ï with the following 

retrofitting periods:  

Á Migration scenario M1: six years 

Á Migration scenario M2: eight years 

4.1.7 Estimating total costs for the migration to the DAC 

Chapters 4.1.1. to 4.1.6. presented a variety of assumptions regarding the existing fleet of 

freight wagons and locomotives that require retrofitting, the number of new freight wagons 

being built each year, procurement and retrofitting costs, and production and workshop 

capacities. In addition, they defined two scenarios for a migration period to the DAC, set at six 

and eight years respectively. This chapter will present the total costs for a migration to the DAC 

for the selected migration scenarios. 

Total costs for migration scenario M1 ï six years 

A total of between 432,000 and 485,000 freight cars must be fitted with a DAC. At the same 

time, however, 8,000 new freight wagons are built every year. Over a six-year migration period, 

48,000 new freight wagons with a DAC would thus be delivered, replacing existing freight 

wagons that would no longer need to be equipped with a DAC. The number of existing freight 

wagons that require retrofitting would thus decrease from 432,000 to 384,000 or from 485,000 

to 437,000. Consequently, a total of between 64,000 and 72,800 freight wagons would have 

to be fitted with a DAC each year. 

Furthermore, a base stock of freight wagons would remain unequipped with a DAC for 

technical (28,000 freight wagons) or commercial reasons (53,200 to 106,400 freight wagons) 

(see Chapter 4.1.1.). Fig. 13 shows how the fleet of existing freight wagons with and without a 

DAC, the number of newly built freight wagons, and the base stock of freight wagons without 

a DAC can be expected to develop over a six-year migration period35 For the sake of clarity, 

only the version for equipping 485,000 freight wagons with a DAC is shown here. 

 

 
34 Cf. EBO, §32, at https://www.gesetze-im-internet.de/ebo/__32.html, accessed on 24.09.2019. 
35 To simplify the calculation, it is assumed that new freight wagons will always be replacements for existing freight wagons that 
would otherwise have required retrofitting with a DAC. Alternatively, it could also be assumed that newly built freight wagons would 
replace those existing freight wagons which would not be retrofitted with a DAC for technical, economic or other reasons.  
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Fig. 13: No. of freight wagons with/without a DAC in the six-year migration period 

 

Source: hwh 

In total, the costs for migration to a DAC, including equipping the freight wagons with 

automation components, will total between approx. EUR 6.4 billion and EUR 8.6 billion. The 

largest cost blocks are the DAC procurement costs (approx. EUR 3.3 billion to EUR 4.7 billion) 

and the costs for retrofitting the freight wagons (approx. EUR 1.0 to EUR 1.1 billion). In total, 

the costs purely for the conversion of the European freight wagon and locomotive fleet to the 

DAC are approx. EUR 4.7 billion to EUR 6.2 billion. The procurement and installation of further 

automation components is estimated to cost between EUR 1.7 and 2.4 billion. 

The total costs for migration to the DAC plus automation components are thus estimated at 

approx. EUR 6.4 billion to EUR 8.6 billion. This estimate is similar to those produced by various 

stakeholders regarding the level of investment required for the introduction of a DAC.36 

 

 

 

 

 

 

 
36 For example, in their joint DAC charter, the associations UIP, VPI, VDV, NEE and VDB assume a total investment of between 
EUR 6 billion and EUR 10 billion. Some RUs, e.g. Deutsche Bahn AG, Rail Cargo Austria AG, and wagon keepers, e.g. VTG, 
GATX and Ermewa, estimate the investment costs at approx. EUR 6 billion to EUR 10 billion. 
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Fig. 14: Total costs for migration to the DAC in the six-year period 

 

Source: hwh 

Total costs for migration scenario M2 ï eight years 

Over an eight-year migration period, 64,000 new freight wagons with a DAC would be delivered 

and replace existing freight wagons that would no longer need to be equipped with a DAC. The 

number of existing freight wagons that require retrofitting would thus drop from 432,000 to 

368,000 or from 485,000 to 421,000. Consequently, a total of between 46,000 and 52,625 

freight wagons would have to be fitted with a DAC each year. 

Furthermore, a base stock of freight wagons would remain unequipped with a DAC for 

technical (28,000 freight wagons) or commercial reasons (53,200 to 106,400 freight wagons) 

(see Chapter 4.1.1.). Fig. 15 shows how the fleet of existing freight wagons with and without a 

DAC, the number of newly built freight wagons and the base stock of freight wagons without a 

DAC can be expected to develop over an eight-year migration period. For the sake of clarity, 

only the version for equipping 485,000 freight wagons with a DAC is shown here. 

The total costs for migration to the DAC in scenario M2 with an eight-year migration period 

differ only slightly from the total costs for scenario M1 which would be completed in six years. 

This makes mathematical sense. The only difference between the two scenarios is that in 

scenario M2 a total of 64,000 new freight wagons would be delivered with a DAC, whereas this 

number would be lower in scenario M1 (only 48,000). This means that the total costs for the 

migration differ only by 16,000 new freight wagons. It is assumed here that instead of approx. 

EUR 10,000 in DAC procurement and EUR 2,500 retrofitting costs per existing freight wagon, 

only EUR 7,000 in DAC procurement costs would be required for each new freight wagon (see 

Chapter 4.1.3). The total costs in scenario M2 are therefore EUR 88 million lower than in 

scenario M1.37 

  

 
37 (16,000 new freight wagons x (EUR 12,500 procurement and retrofitting costs per existing freight wagon minus EUR 7,000 DAC 
procurement costs for new freight wagons)).   
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Fig. 15: No. of freight wagons with/without a DAC in the eight-year migration period 

 

Source: hwh 

As described above, there are many reasons for keeping the migration period as short as 

possible. For this reason, it is recommended to assume a migration period of six years as the 

basic scenario. 

4.1.8 Assessment of potential benefits of a DAC for Germany 

In addition to estimating the total costs, a feasibility study also requires the potential benefits 

of a DAC to be considered. The first step here is to develop use cases for a DAC. These can 

then be used to produce a rough estimate of the potential benefits for rail freight transport in 

Germany. Based on the potential benefits for Germany, it is possible to calculate the potential 

benefits for rail freight transport in EU.  

Since there is not a linear relationship between the benefits of a DAC and the number of freight 

wagons that have been retrofitted, the derivation of a ramp-up curve for the potential benefits 

during the migration is also key for the economic evaluation. This assessment of the potential 

benefits is not a detailed economic analysis, nor can it replace one. In this respect, the 

stakeholders themselves are responsible for performing a feasibility study for the introduction 

of a DAC. However, the following information may be helpful in terms of introducing a structure 

for economic feasibility studies as well as producing a rough estimate of the effects of a DAC. 

Various stakeholder groups will benefit from the introduction of a DAC, but in particular RIUs, 

RUs, wagon keepers and shippers (see Fig. 16). For this reason, when describing the use 

cases, the study always examines which stakeholder group benefits from the use case. 
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Fig. 16: Benefit categories and benefit receivers during the introduction of the DAC 

 

Source: hwh 

In addition to the economic effects of a DAC on individual businesses, there are also 

advantages for the economy as a whole. These are presented at the end of this chapter. 

However, there is explicitly no detailed macroeconomic evaluation of the introduction of a DAC 

in Europe. 

4.1.8.1 Development of use cases for the DAC 

In consultation with various national and international stakeholders,38 a total of 28 use cases 

were developed for the DAC. This process identified use cases that result exclusively from the 

use of an AC, independently of its degree of automation. In addition, it established use cases 

which result from the DACôs role as an enabling technology for the automation of rail freight 

traffic. There are also further potential use cases in the areas of occupational safety, staff 

recruitment, energy savings and the development of new market segments. 

 

  

 
38 The use cases were coordinated with, among others, Deutsche Bahn AG, DB Cargo AG, Ermewa SA, GATX Rail Germany 
GmbH, Green Cargo AB, Rail Cargo Austria AG, SBB Cargo AG, Trafikverket AB, VTG AG and Wascosa AG. 
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Fig. 17: Use cases of a DAC 

 

Source: hwh  

The following section contains a more detailed description of these use cases as well as a 

rough assessment of their benefits for Germany. It also includes an initial assessment of which 

stakeholder group(s) will benefit from the respective use cases. 

4.1.8.2 Use cases for the DAC in improving efficiency ï Potential for Germany 

This category lists a total of eleven use cases that result from the creation of a mechanical 

connection using an automatic coupling, i.e. a simple automatic coupling without power and 

data lines would also be sufficient for generating these use cases. 

Use Case 1: Reduction of time/costs associated with manual shunting 

Use 

case 

Reduction of time/costs associated with manual 

shunting 
Benefit receiver 

Brief description Wagon 

keepers 

(WK) 

RIU RU 

Elimination of manual coupling reduces costs for marshalling personnel. 

With a DAC, it can be assumed that no or only minor manual shunting 

operations will be necessary in the future. The introduction of a DAC is a 

prerequisite for the automation of railway operations. Otherwise, labour-

intensive work on the train would still have to be carried out. 

 

Benefit effect 

Low Medium High 

approx. EUR 25 - 35 million p.a. 

Automation of the coupling process, as well as time savings achieved during the decoupling 

process, means that fewer working hours would be required for making up and breaking up 
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trains in sidings and train formation facilities than is the case for freight wagons with screw 

couplings. However, savings in working hours are not equivalent to savings in labour costs, as 

operating personnel still have to perform other tasks ï particularly in the case of making up 

and breaking up trains in the siding. For example, a shunting driver and, possibly, a shunting 

assistant would be required for short-distance operations, even with a train that uses a DAC. 

In this case, the driver/assistant would have to spend less time coupling freight wagons in the 

siding. In larger train formation facilities, on the other hand, there are specialised functions, 

such as shunters in the entrance area, which check the wagon order and lengthen the freight 

wagons. The savings potential for this use case is thus considered particularly strong in train 

formation facilities in single wagon traffic.  

A rough assessment of the potential benefits for this use case gives an estimated annual 

saving of between EUR 25 and 35 million. This estimate is based on the following assumptions:  

Á The duration of each coupling or decoupling process is estimated at one minute 

(including walking times).   

Á According to the Federal Network Agency, 411 million tonnes of freight were 

transported by rail in Germany in 2017. 39 The average train weight was 497 tonnes.40 

This means that approx. 827,000 freight trains ran in Germany in 2018.  

Á This calculation is based on an average of twenty freight wagons per train. 

Á Approximately 25 percent of the total tonne-kilometres are transported in single wagon 

traffic (SWLT).41 The following transport chain is assumed for SWLT: Shipper's siding 

ï Junction station 1 ï Marshalling yard 1 ï Marshalling yard 2 ï Junction station 2 ï 

Receiver's siding.42 It is estimated that about 70 percent of the freight wagons are  

coupled and decoupled in the sidings, 50 percent in the junction stations and 90 percent 

in the marshalling yard, as these run over the hump. 

Á Combined transport is estimated to account for about 35 percent of total tonne-

kilometres. In combined transport, especially in CT terminals with track lengths of less 

than 600 m, trains also have to be divided into several groups and delivered. In seaport 

hinterland CTs, CT trains are often not formed at just one terminal/quay. More 

frequently, they are assembled with other wagons from other terminals/quays in the 

port, which again requires coupling operations. It is therefore assumed that approx. 25 

percent of the freight wagons are coupled in the dispatching terminal and uncoupled in 

the receiving terminal. 

Á Block train transport is estimated to account for approx. 40 percent of total tonne-

kilometres. It is certainly true that there are many railway sidings long enough to 

accommodate a full train, e.g. for unloading coal at coal-fired power stations. However, 

many customers require the train to enter the siding in several groups because the 

tracks are not long enough. For this reason, it is assumed that approx. 40 percent of 

the freight wagons have to be coupled/decoupled in the shipper's and receiverôs 

sidings. 

 
39 cf. Federal Network Agency (2018), Railway Market Analysis 2018, Bonn, 2018, p.19. 
40 cf. Ebenda, p. 26. 
41 cf. Sonntag, H.; Liedtke, G. (2015), Study on the effects of selected transport policy measures on rail freight transport in Germany 
ï Modal split of transport services and employment; published by Allianz pro Schiene e.V.  
42 Certainly, there are also single wagon load transports which are only operated via a marshalling yard or directly from the 
marshalling yard to the siding ï without detour via a junction station. However, there are also connections that require journeys 
via other marshalling yards. 
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Á In addition, a locomotive must be coupled or decoupled for each train. It is estimated 

that a locomotive change takes place for approx. 50 percent of trains (e.g. changing 

from an electric to a diesel locomotive or for international services). 

Á It is estimated that the introduction of an automatic coupling could save approx. 

700,000 working hours per year. Assuming an effective annual working time of 1,300 

hours and costs per shunting employee of approx. EUR 55,000 p.a., the potential 

saving could amount to EUR 25 - 35 million p.a. in this use case. 

Use Case 2: Elimination of ñclosing upò after the hump 

Use 

case 

Reduction of shunting locomotive costs by 

eliminating the need to close up freight wagons 

after the hump 

Benefit receiver 

Brief description WK RIU RU 

If wagons roll into stationary wagons too heavily after the hump in the 

marshalling yard, there is a risk that they will bounce off and roll back 

again. For this reason, the wagons must be pushed together by a 

shunting locomotive before they can be coupled (ñclosing upò). With a 

DAC, the wagons would couple automatically and thus be unable to roll 

back. 

 

 

Benefit effect 

Low Medium High 

estimated < EUR 1 million p.a. 

This use case offers only a small financial benefit. It would probably be possible to save 

individual shifts of shunting locomotives and shunting drivers in the marshalling yard due to 

the elimination of closing up operations. However, this use case has a particularly interesting 

feature ï the elimination of closing up increases the facilityôs capacity because the sorting track 

is not occupied by the shunting locomotive.  

Use Case 3: Acceleration of shunting operations / Increased system speed 

Use 

case 

Acceleration of shunting processes and increased 

system speed in rail freight transportation 
Benefit receiver 

Brief description WK RIU RU 

By accelerating train formation and splitting processes, freight wagons 

can pass through train formation facilities more quickly. This speeds up 

cycle times for the wagons, boosts asset productivity and increases the 

capacity of the marshalling facilities. The time savings can be used to 

reduce cycle times, reduce the scope of assets deployed, increase the 

stability of production systems by creating time buffers, or even by 

offering capacity to make empty wagons available more quickly.  

 

Benefit effect 

Low Medium High 

approx. EUR 20 - 25 million p.a. 

In sidings, terminals and train formation facilities, the use of a DAC will lead to a reduction in 

processing times when making up or breaking up trains. This means, for example, that 

throughput times in train formation facilities (TFF) can be reduced. This effect can be used in 

several ways to 
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Á increase the capacity of a TFF (more trains per time unit); 

Á reduce the resources used (locomotives, staff, infrastructure) while maintaining the 

same number of trains, or 

Á use the saved throughput time as a buffer in case of possible delays in the network. 

In addition, a reduced throughput time in TFFs, terminals and sidings could lead to higher 

system speeds that improve freight wagon productivity. It could also enable operators to offer 

time-critical transports or new network strategies. A study by TU Dresden, commissioned by 

Deutsche Bahn AG, simulated operating processes with a DAC and an automatic brake test 

at the TFF Munich-North. It noted the following effects:43  

Á approx. 40 percent increase in TFF capacity,  

Á approx. 50 percent increase in the reliability of the transport schedules (punctuality) or 

approx. 8 percent reduction in transport times,  

Á approx. 10 percent increase in profitability44. 

Based on the results of the above simulation, the potential savings due to a higher system 

speed in RFT are expected to be approx. EUR 20 to 25 million p.a. 

Use Case 4: Longer trains 

Use 

case 

Increasing productivity per train through the 

formation of longer trains; draw hook/start-up limit 

load 

Benefit receiver 

Brief description WK RIU RU 

Increasing the productivity of railway operations through the use of longer 

trains (target length of 1,500 m on European transport corridors) and 

exploiting the higher draw hook limit load  

Longer trains can be formed in TFFs by linking two train sections shortly 

before departure. 

 

 

Benefit effect 

Low Medium High 

Not monetised 

The ñlonger trainsò use case is very exciting because operators on other continents, in 

particular, have proven that freight trains measuring several kilometres in length are perfectly 

viable. A DAC and electro-pneumatic brake are capable of controlling the greater in-train forces 

associated with long trains (>1,000 m). The operation of 1,500 m freight trains in Europe, for 

example, would result in a significant increase in productivity. However, since this would 

require adaptation of infrastructure to accommodate extra-long trains, the potential for this use 

case is not monetised here. 

  

 
43 Obrenovic, M. (2020); The digital automatic coupling from the perspective of DB AG; lecture at the VPI Symposium on 
14.01.2020. 
44 In train conveying, wagon and changeover costs 
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Use Case 5: Heavy trains 

Use 

case 

Increasing productivity per train through the 

formation of heavy trains 
Benefit receiver 

Brief description WK RIU RU 

Increasing productivity in railway operations through the operation of 

heavy trains. However, other operating modes are also possible, if 

necessary with the same train weights, because the limit load with draw 

hooks is higher than with screw couplings, e.g. no locomotive required to 

push the train. 

 

Benefit effect 

Low Medium High 

approx. EUR 25 - 35 million p.a. 

The key parameters that define the capacity limits of a train are the start-up and draw hook 

limit loads45 For example, the start-up limit load of a four-axle locomotive is 300 kN; the start-

up limit load of a six-axle locomotive is 500 kN. The operating strength of a screw coupling is 

450 kN; the operating strength of a reinforced screw coupling is 500 kN. The operating strength 

of automatic couplings, as they are currently used in Germany on selected routes, is 850 kN46. 

As the operating strength of the screw coupling is higher than the start-up limit load of a four-

axle locomotive, the start-up limit load of the four-axle locomotive is always the limiting factor 

for higher train weights with single traction. 

For double traction with four-axle locomotives, the start-up limit load is 600 kN; for double 

traction with six-axle locomotives, it can be even higher at 1,000 kN. This means that as soon 

as double traction is used, the operating strength of the 450 kN or 500 kN screw coupling 

becomes the limiting factor for heavy trains. 

For a route from Hamburg to Southern Germany, a maximum load was calculated for trains 

with single traction and double traction as well as with different types of coupling.47 The result 

of this calculation confirms the above assumptions. On this route, under single traction with a 

four-axle locomotive, the maximum train weight is 1,570 t, regardless of the type of coupling.  

In double traction with four-axle locomotives, it is already possible to haul 1,930 t with a screw 

coupling and 2,145 t with a reinforced screw coupling. With an automatic coupling, on the other 

hand, a train weight of 3,060 t is possible. The combination of an AC with double traction using 

six-axle locomotives would even permit a train weight of 5,130 t. 

Thus, a significant increase in productivity can be achieved by combining double traction with 

an automatic coupling. Now, in addition to the maximum load, the train length is another limiting 

factor. The train weight can only be increased if the additional freight wagons do not exceed 

the maximum permissible train length.  

For example, freight wagons with a permissible total weight of 90 t and a length of approx. 16 

m are generally used for transporting bulk goods. This means that with a maximum train weight 

of 1,570 t on the route described above, only 17 freight wagons can be transported ï resulting 

in a train length of only approx. 270 m. Using a DAC and double traction would significantly 

 
45 All the following parameters were quantified in a discussion with experts from DB Netz AG. 
46 e.g. in ore transport Rotterdam-Dillingen or Hansaport-Salzgitter with DB Cargo AG. 
47 Calculation tool GretA load limit indicator:  
https://fahrweg.dbnetze.com/fahrweg-de/kunden/nutzungsbedingungen/technischer_netzzugang/grenzlasten-1368972 
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increase the number of freight wagons that could be transported in one train, subject to length 

restrictions. 

In order to estimate the potential for this use case more accurately, a study was conducted, in 

consultation with a German RU, to identify all the trains on this north-south corridor that are 

shorter than 500 m and thus still have sufficient length reserves to attach additional freight 

wagons. However, adding more freight wagons to a train is not a suitable strategy for all 

transports, e.g. because shippers do not always have sufficient additional quantities. Thus only 

a small percentage of the traffic was considered suitable for operating as heavier trains. 

Nevertheless, extrapolating the results for this north-south corridor to other corridors in 

Germany (e.g. Rhine rail) suggests the earnings potential from this use case could be around 

EUR 25 to 35 million p.a. 

Use Case 6: Brake position ñPò 

Use 

case 

Increasing the operating speed by using the brake 

position ñPò 
Benefit receiver 

Brief description WK RIU RU 

The improved in-train dynamics resulting from the use of a DAC and an 

EP brake, enables the brake position ñPò to be used for all freight trains 

instead of brake position ñGò. This permits a higher train speed of 100 

km/h instead of 90 km/h. 

 

Benefit effect 

Low Medium High 

approx. EUR 5 - 10 million p.a. 

One German RU estimates that approx. 45 percent of freight trains are run in the brake position 

ñGò. By using a DAC and EP brake, these trains could also be run in brake position ñPò. This 

permits higher train speeds of 100 km/h rather than 90 km/h. This results in a higher tour 

speeds as well as generating capacity effects for the rail infrastructure. An exact calculation of 

the potential generated by this use case is not possible within the framework of this study. 

However, a medium to high benefit is assumed. Potential earnings are estimated at approx. 

EUR 5 to 10 million p.a. 

Use Case 7: Reduction of maintenance costs: Wheelset wear 

Use 

case 

Reduction of maintenance costs by reducing the 

action of lateral forces on rolling stock and thus 

lowering wear on wheelsets 

Benefit receiver 

Brief description WK RIU RU 

The use of a DAC can reduce wear on wheelsets (especially on steep 

gradients with many bends). 

 

 

Benefit effect 

Low Medium High 

approx. EUR 1 - 5 million p.a. 
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[Sünderhauf, 2009, p. 129] 48 suggests that the use of an automatic central buffer coupling 

could reduce wear on the wheelsets and rail infrastructure. This is because, compared to a 

screw coupling, it could reduce the lateral forces between wheel and rail by a factor of three to 

five. This would reduce wear on wheelsets and rails. It can thus be assumed that maintenance 

costs would fall, since the wheelset would require reprofiling less frequently. [Sünderhauf] 

bases his assumptions on the use of the automatic central buffer coupling C-AKv in coal 

transports operated by DB Cargo AG between Profen and Schkopau. An automatic central 

buffer coupling has been in use here since 2004. DB Cargo confirms the reduction in wheelset 

and rail wear caused by these transports, but also points out that the traffic under consideration 

has special characteristics that are not generally applicable to other traffic.49 For example, this 

traffic is operated with high axle loads and with tight curve radii. According to DB Cargo, further 

investigations are necessary to prove the transferability of these results to other traffic. Even 

though there is no reliable basis for calculating the contribution of a DAC to a reduction in 

wheelset wear, the average potential saving is estimated at approx. EUR 1 to 5 million p.a. 

Use Case 8: Reduction of maintenance costs: Buffers 

Use 

case 

Reduction of maintenance costs for freight 

wagons by eliminating buffer wear and buffer 

lubrication 

Benefit receiver 

Brief description WK RIU RU 

The use of a DAC eliminates maintenance required due to buffer wear 

and buffer lubrication  

Benefit effect 

Low Medium High 

approx. EUR 2 - 4 million p.a. 

A DAC requires no side buffers, eliminating the need for maintenance and regular lubrication 

of the buffers. However, it can be assumed that a DAC would also require maintenance and 

lubrication itself. Consequently, only a low potential of approx. EUR 2 to 4 million p.a. is 

expected in this use case. 

  

 
48 Sünderhauf, B. (2009), The automatic central buffer coupling (AC), a prerequisite for the automation of rail freight transport in 
Europe, Grünstadt. 
49 Stang, P. (2010), Automatic centre buffer coupling, results of the Sünderhauf study, annex to the presentation by DB Cargo on 
20.04.2010. 
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Use Case 9: Reduction of maintenance costs: Infrastructure 

Use 

case 

Reduction of maintenance costs for rail 

infrastructure by reducing the lateral forces acting 

on the rolling stock  

Benefit receiver 

Brief description WK RIU RU 

The use of a DAC could reduce wear and tear on rail infrastructure 
 

Benefit effect 

Low Medium High 

Not monetised 

Analogous to Use Case 7 (reduction of maintenance costs for wheelsets), it can be assumed 

that the use of a DAC in freight trains would lead to a reduction in lateral forces and thus a 

reduction in wear and tear on rail infrastructure. However, no reliable figures are available for 

this use case. Thus the potential benefits cannot be monetised here. 

Use Case 10: Reduction in wagon weight due to elimination of buffers 

Use 

case 

Wagon weight / Increase in payload due to 

elimination of buffers  Benefit receiver 

Brief description WK RIU RU 

If the total weight of a DAC is less than the weight of a screw coupling 

including the buffers, the wagon weight will be lower and offer the 

potential for a higher payload ï and thus greater revenue per freight 

wagon transported. 

 

Benefit effect 

Low Medium High 

no savings potential 

By using a (D)AC, two buffers, a screw coupling and draw hooks with a total weight of approx. 

370 kg can be50 removed from each side of the wagon. Provided that the DAC is lighter than 

the buffers and screw coupling, it could offer the potential for the weight of the wagon to be 

reduced. However, information provided by the DAC manufacturers suggests that their 

respective DACs will have a comparable weight of approx. 370 kg. Thus, there is no further 

potential benefit in this use case. On the contrary, manufacturers must take care that the DAC 

design is not significantly heavier than the current system with side buffers and screw coupling. 

  

 
50 Data from various wagon keepers 
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Use Case 11: Reduction in wagon weight due to modified vehicle design 

Use 

case 

Reduction in wagon weight / Increased payload 

due to modified freight wagon design with central 

buffer coupling 

Benefit receiver 

Brief description WK RIU RU 

The use of a DAC provides an opportunity to develop a different design 

by changing the transmission of the tensile/compressive forces in new 

wagons. This new design could lead to a reduced wagon 

weight/increased payload. 

 

Benefit effect 

Low Medium High 

approx. EUR 8 - 12 million p.a. 

[Hecht et. al, 2016]51 investigated various effects of the introduction of the central buffer 

coupling on the design of container wagons. According to [Hecht et. al. 2016], a design-based 

weight reduction of approx. 430 to 480 kg is achievable for container wagons. In combination 

with further optimisations, e.g. the use of lightweight materials, weight reductions of up to 

approx. 1.2 t are considered feasible. Of course, the advantages of a lighter design with 

increased payload capacity are only relevant for new freight wagons. For this reason, assuming 

the introduction of approx. 8,000 new freight wagons p.a. in Europe and an average additional 

payload capacity of one tonne per new wagon, the potential benefit from this use case was 

estimated at approx. EUR 8 to 12 million p.a. 

4.1.8.3 Use cases for the DAC in terms of security / employees / market ï Potential 

for Germany 

A DAC will also contribute to increasing the occupational safety of company employees and 

maintaining shunting operations even if it becomes difficult to recruit staff. In addition, the DAC 

and other automation components could contribute to the development of new market 

segments for RFT, such as time-sensitive transports. 

Use Case 12: Increased protection against derailment 

Use 

case 

Increased protection against derailment by 

increasing the permissible longitudinal forces 
Benefit receiver 

Brief description WK RIU RU 

Permissible longitudinal compressive forces are higher than those of a 

screw coupling (especially with light wagons), resulting in greater 

protection safety against derailment. 

 

Benefit effect 

Low Medium High 

Not monetised 

 
51 cf. Hecht, Herrmann, Sohr, Deghela (2016), Potential of the central buffer coupling with regard to the wagon body structure, TU 
Berlin, 2016. 
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According to [Chatterjee&Bensch, 1999, p. 33ff]52 , the use of an automatic central buffer 

coupling can help to increase protection against derailment, because the permissible 

longitudinal compressive forces are higher than those of a screw coupling. The core of the 

problem is that longitudinal forces in the train can cause lateral forces and/or reductions in 

wheel loads. In this case, compressive forces are more critical than tensile forces due to the 

risk of instability. The greater the overhang, the greater the possible deflections, and thus the 

lower the tolerable longitudinal forces. The risk of derailment is therefore also greater for two-

axle wagons. Automatic central buffer couplings generate positive effects by using a 

stabilisation joint and eliminating frictional forces on the buffer plates. However, these are 

counterbalanced by negative effects due to increased pushing as a result of a possible lack of 

pre-loading and longitudinal backlash in the coupling. The extent to which an automatic central 

buffer coupling can actually contribute to reducing the risk of derailment depends on the 

coupling system used and the specific application. For this reason, the potential for this use 

case cannot be monetised at this point. 

Use Case 13: Increased occupational safety for marshalling personnel 

Use 

case 

Increased occupational safety for marshalling 

personnel 
Benefit receiver 

Brief description WK RIU RU 

Downtime costs due to occupational accidents during 

coupling/decoupling  

Benefit effect 

Low Medium High 

approx. EUR 4 - 6 million p.a. 

Manual coupling is a time-consuming, physically difficult and dangerous job. Since freight 

wagons with screw couplings have to be coupled manually, a shunting worker currently has to 

stand between two vehicles in the so-called ñBerne rectangleò53 while working in order to carry 

out54 the following steps. 

Á Attach the screw coupling, 

Á Turn the spindle, 

Á Connect the brake coupling (compressed air), 

Á Open the shut-off valves for the brake air line, 

Á Connect the electrical power supply (if any). 

When decoupling wagons, the shunting operator must also enter the ñBerne rectangleò to 

perform the necessary tasks. The use of a DAC eliminates the need for marshalling personnel 

 
52 Chatterjee, B.; Besch, J. (1999), Improvement of safety in rail freight transport through the use of the simplified compact 
automatic central buffer coupling, published in ZEV+DET Glasers Annalen, Jg. 123, No. 1, p.33-36. 
53 For railway vehicles (locomotives, carriages/wagons), the ñBerne rectangleò refers to a defined area between the ends  of two 
vehicles that are in physical contact with each other. It is a safe space where railway employees can work to connect (couple) or 
disconnect vehicles at the coupling . The space to be kept free is 200 cm × 40 cm × 30 cm (height × width × depth) per vehicle 
on both sides between the standard coupling and the buffer. This means that there is a depth of 60 cm free when two vehicles 
are coupled, see Wikipedia article. 
54Sünderhauf, B. (2009); The automatic central buffer coupling, p. 109. 
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to enter the Berne rectangle between the freight wagons in order to carry out manual 

operations. This leads to an increase in occupational safety and prevents or reduces 

occupational accidents on the track. 

In total, the potential benefit for this use case is estimated as being high at approx. EUR 4 to 

6 million p.a. However, in the context of this use case, it should be noted that the focus is 

primarily on the health of marshalling personnel rather than the monetary aspect. 

Use Case 14: Maintenance of shunting operations in the case of recruitment difficulties 

Use 

case 

Maintenance of shunting operations in the event 

of expected marshalling personnel recruitment 

difficulties in the future 

Benefit receiver 

Brief description WK RIU RU 

Estimate of future expenses for the recruitment, training and possibly 

higher pay of marshalling workers  

Benefit effect 

Low Medium High 

approx. EUR 4 - 6 million p.a. 

A further benefit of an AC is that railway companies, especially in economies with almost full 

employment, are expecting to experience difficulties in the recruitment of marshalling 

personnel. Demographic trends show that society is increasingly ageing and there is growing 

level of academisation, especially among younger employees. This means that railway 

companies expect to encounter problems recruiting new workers for low-skilled jobs in the near 

future or are already facing these challenges today. Current recruitment difficulties for 

marshalling personnel have already been confirmed, in various countries, by several RUs who 

participated in this study. 

It is very difficult to estimate the potential benefits of this use case. The entire rail freight 

transportation system depends on the availability of marshalling personnel. It can be assumed 

that costs for the recruitment and training of marshalling personnel will increase in the future. 

It is assumed that potential benefits will be of a moderate level. The annual benefit is estimated 

at approx. EUR 4 to 6 million. 

Use Case 15: Increased recuperation of energy 

Use 

case 

Increase in energy recuperation due to modified 

longitudinal dynamics in the train 
Benefit receiver 

Brief description WK RIU RU 

Improved longitudinal dynamics permit increased energy recuperation 

when braking the freight train  

Benefit effect 

Low Medium High 

< EUR 1 million p.a. 
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A study55 conducted by TU Berlin investigated the effects of an automatic coupling on the 

benefits of electrodynamic braking. An electrodynamic brake allows braking energy to be 

converted into electrical energy and returned to the network (recuperation). By using a DAC, 

any freight train can be braked with the maximum dynamic braking force. This increases the 

recuperation of energy per freight train by between approx. three percent (heavy block train) 

and ten percent (light mixed train). 

The calculation for estimating the potential benefits for this use case, is based on an average 

increase of five percent in braking energy returned to the network. An annual benefit of 

between EUR 0.5 million and EUR 1 million p.a. is assumed.     

Use Case 16: Development of new market segments 

Use 

case 

Development of new market segments due to 

faster transport/cycle times 
Benefit receiver 

Brief description WK RIU RU 

In some market segments, rail freightôs ability to compete with road 

transport is limited. This applies, for example, to freight forwarding 

services as well as services for the retail sector (e.g. food). Faster train 

formation and en route treatment processes could allow RUs to offer 

optimised cycle concepts, which increase the competitiveness of rail and 

thus the market share of RFT. 

 

Benefit effect 

Low Medium High 

approx. EUR 25 - 35 million p.a. 

In the framework of the National Platform Future of Mobility, the project of shifting freight 

transport to rail has been assigned an order of magnitude, namely the target of a 25 % market 

share for RFT.56 ñThe coalition agreement between the CDU, CSU and SPD for the 19th 

legislative period aims to shift freight to rail. In the scenario analysis, the impact assessment 

for the ecological, social and economic consequences of the sectoral targets for 2030 stated 

in the Federal Government's Climate Protection Plan 2050 shows a transport performance of 

205 billion tkm for rail freight transport in 2030. Based on this figure, and the estimates of 

experts and appraisers, the potential for RFT is seen as being in the range from 190 to 205 

billion tkm, which corresponds to a market share of 23 to 25%.ñ57  In 2018, German rail freight 

services transported approx. 136 billion tkm.58 RFT has a market share of 19.2 percent in 

Germany.59 If the above targets were to be achieved, the volume of rail freight transported in 

2030 would be approx. 205 billion tkm.  

A significant increase in transport performance in market segments which have traditionally 

been strengths of the rail sector, e.g. bulk goods, seems doubtful ï especially since the 

transport volumes for some bulk goods, such as mineral oil, coal and lignite, are likely to 

decrease rather than increase. It is therefore urgently necessary to tap new market potential 

as well as building on rail freightôs existing strengths. However, in certain transport segments, 

such as freight forwarding, CEP transports, consumer goods, etc., todayôs rail freight transport 

 
55 cf. Hecht, Leiste (2016); ñEffects of an automatic coupling on the benefit of the electrodynamic brakeò, Berlin. Study not publicly 
available. 
56 cf. https://www.plattform-zukunft-mobilitaet.de/.   
57 cf. National Platform Future of Mobility (2019); Interim Report 03/2019: Working Group 1 ñTransport and Climate Changeò 
58 cf. Destatis; https://www.destatis.de/DE/Themen/Branchen-Unternehmen/Transport-
Verkehr/Gueterverkehr/Tabellen/gueterbefoerderung-lr.html, accessed on 05.03.2020. 
59 cf. Ebenda, p.26. 
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system does not, or does not sufficiently, succeed in meeting customer requirements. By 

shortening train formation and processing times through the use of a DAC and other 

automation components, it will also be possible to offer rail services in these transport 

segments. A detailed assessment of the actual market potential would require a separate 

market study. Nevertheless, it is useful to make a rough estimate of the potential benefits.  

An expansion in the volume of goods transported by rail in Germany from 136 billion tkm today 

to 205 billion tkm would represent an increase of 70 billion tkm. According to the market study 

Railway Market Analysis 2019 conducted by the Federal Network Agency, 60 the rail sector 

generates revenues of EUR 0.042 per tonne-kilometre in Germany. An increase in transport 

performance of 70 billion tkm would thus generate a total additional revenue of approx. EUR 

2.94 billion for the rail freight sector. Assuming a profit margin of 5 percent, for example, this 

would result in an additional profit of approx. EUR 147 million p.a.  

According to the sector initiative Rail Freight Forward, this growth in volume is to be achieved 

primarily through measures in the following three areas:61 

Á improvements in the operational excellence of railway undertakings, e.g. through 

innovative products; 

Á provision by railway infrastructure undertakings of interoperable infrastructure with the 

capacity to handle the growth in volume; 

Á creation of a level playing field for all modes of transport through policy. 

It is, of course, only possible to make a limited assessment of the DACôs exact share in future 

volume growth. However, current evaluations show that the introduction of a DAC, including 

further automation components, can certainly be classified as one of the most important 

measures to be introduced by railway undertakings. The authors of this study make a 

conservative estimate that the introduction of a DAC (including automation components) could 

account for approx. 17 to 25 percent of the additional earnings effect of EUR 147 million. This 

would correspond to a potential benefit of approx. EUR 25 to 35 million p.a. for the DAC in this 

use case. 

4.1.8.4 Use cases for the DAC as an enabler for automation ï Potential for 

Germany 

By providing a reliable power supply and secure data communication, the DAC is an enabler 

for further automation technologies that will play a key role in the implementation of the 

ñintelligent freight trainò. The following use cases are considered: 

  

 
60 cf. Federal Network Agency (2019), Railway Market Analysis, Bonn. 
61 see https://www.railfreightforward.eu  
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Use Case 17: Automatic brake test 

Use 

case 
Automatic brake test Benefit receiver 

Brief description WK RIU RU 

Solutions for automatic brake tests already exist today. However, these 

are not compatible with each other and are associated with significant 

costs (power supply, radio solutions, ...). With a DAC as an enabler for a 

power/data bus line, a standardised solution for an automatic brake test 

can be introduced in RFT. This will eliminate the work associated with 

manual brake tests; circulation/system speed can be increased 

 

Benefit effect 

Low Medium High 

approx. EUR 50 - 60 million p.a. 

A brake test must always be performed on newly formed freight trains before departure. Even 

for unchanged trains, a brake test is required once a day or if the train has been stationary for 

more than twenty-four hours. A brake test must also be carried out when freight wagons are 

added to or removed from a train.62 The test takes between approx. 15 min and 45 min 

depending on whether a full or simple brake test is required. According to the Federal Network 

Agency, 411 million tonnes of freight were transported by rail in Germany in 2017. 63 The 

average train weight was 497 tonnes.64 This means that approx. 827,000 freight trains ran in 

Germany in 2018. The following assumptions are made: 

Á Continuous full brake test:  45 minutes 

Á Simplified brake test:   15 minutes 

Á A full brake test is performed for each train 

Á In addition, a simplified brake test is performed on every fourth train 

Á Hourly rate for operating personnel: 40 EUR/h 

Á In 40 percent of the brake tests, the air lines are filled by the locomotive; in 60 percent 

of tests by a stationary brake testing facility 

Á Hourly rate for locomotive:  130 EUR/h 

Depending on variations in the above assumptions, the estimated potential benefit is approx. 

EUR 50 to 60 million p.a. 

  

 
62 DB AG (publ.): Guideline 915.01 Operation and testing of brakes. Module 915.0103 Page 1. 
63 cf. Bundesnetzagentur (2018), Marktuntersuchung Eisenbahnen (railway market research) 2018, Bonn, 2018, p. 19. 
64 cf. Ebenda, p. 26. 
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Use Case 18: Automatic calculation of braking capacity 

Use 

case 
Automatic calculation of braking weight  Benefit receiver 

Brief description WK RIU RU 

The time/work required for system-supported and/or manual calculation 

of the train braking weights is eliminated. 

Greater safety and reliability due to the removal of human error factors 

(determination, calculation, transmission errors). 

 

Benefit effect 

Low Medium High 

Not monetised 

Before a train departs, a calculation is performed to determine its braking capacity. This is 

usually a system-supported process performed in the back office using data stored for the train 

in IT systems. However, the braking calculations must be provided to the driver in a physical 

format, which results in additional walking and time costs. The driver must also perform a new 

brake calculation when a vehicle is shunted in/out of the train during the journey. In principle, 

it is conceivable that these braking calculations could also be performed automatically by the 

train. This would save time and eliminate the need to physically hand over a braking sheet. 

However, as the potential benefits of this use case are estimated to be quite low, it is not 

monetised here. 

Use Case 19: Condition Based Maintenance (CBM) 

Use 

case 

Condition based maintenance via on-board 

condition monitoring components 
Benefit receiver 

Brief description WK RIU RU 

Sensors can be used to monitor wear/failure of components on the freight 

wagon and introduce condition-based maintenance. Today, telematics 

devices are mainly powered by batteries. Safety-relevant information is 

transmitted by radio. A DAC, incl. power line, would secure the electrical 

power supply. In addition, it could transmit safety-relevant information via 

the data bus to the locomotive driver. Unscheduled wagon breakdowns 

could be reduced. 

 

Benefit effect 

Low Medium High 

approx. EUR 5 - 10 million p.a. 

Today, the condition of each freight wagon is checked during a technical wagon inspection 

when the train is already formed and ready for departure. If the wagon master determines that 

a freight wagon is damaged and not permitted to travel in the train, the freight wagon must first 

be removed and transferred to a workshop. This leads to increased costs and only limited 

availability of freight wagons. Sensor-based monitoring of the condition of components in a 

freight wagon offers many possibilities. For example, they can monitor wheelset bearings to 

determine whether critical limit values are exceeded or not. Action can be taken before a 

component becomes defective in the first place ï the part can be inspected in a workshop and 

replaced if necessary. It is not possible to estimate the benefit potential for the various 

applications of this use case precisely within the framework of this study. However, it can be 
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conservatively assumed that the potential benefits are medium, at approx. EUR 5 to 10 million 

p.a. 

Use Case 20: More efficient use of telematics due to a sufficient electrical power supply 

Use 

case 

More efficient use of telematics due to a sufficient 

electrical power supply 
Benefit receiver 

Brief description WK RIU RU 

Continuous power supply to the (rechargeable) batteries of the telematics 

devices. This permits a higher degree of utilisation for telematics 

applications (no restrictions in the number of daily/hourly messages). It 

is no longer necessary to replace the batteries of the telematics devices. 

 

Benefit effect 

Low Medium High 

approx. EUR 2 - 5 million p.a. 

Modern telematics devices on freight wagons have batteries, which must be replaced around 

every six years, depending on their application. Consequently, telematics devices cannot 

collect and transmit information as often as would be ideal, since this would reduce the battery 

life. The batteries would have to be replaced prematurely, resulting in higher costs. A 

permanent and sufficient electricity supply, via a continuous power line from the locomotive, 

could permit the use of any number of telematics applications and sensors. This would 

significantly increase the utility of such telematics systems. The potential benefit is estimated 

to be approx. EUR 2 to 5 million p.a.   

Use Case 21: Elimination of brake lever adjustment ñGò ï ñPò 

Use 

case 

Higher system speed due to the elimination of 

brake lever position adjustments ñPò or ñGò 
Benefit receiver 

Brief description WK RIU RU 

In international traffic, in particular, the brake lever position is often 

checked or changed at borders (e.g. in border traffic to/from Denmark). 

This results in delays and increased personnel costs. The system speed 

in RFT can be increased, especially in international traffic. Track 

capacities at border stations are freed up more quickly and can be used 

for additional traffic. 

 

 

Benefit effect 

Low Medium High 

Not monetised 

Depending on national regulations, freight trains may have to run in different brake positions 

(ñPò or ñGò). At the border, this requires the brake lever position on the respective wagons to 

be checked and, if necessary, adjusted. The use of a DAC, especially in combination with an 

EP brake, allows the train to operate continuously in brake position ñPò. This would eliminate 

the burden of checks at border stations. It is estimated that this offers some potential benefits, 

especially for simplifying international border traffic. However, these are not monetised within 

the framework of this study. 
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Use Case 22: Automatic train integrity test 

Use 

case 
Train integrity test Benefit receiver 

Brief description WK RIU RU 

In the future, German and European railway lines will be equipped with 

the ETCS Level 3 train control system. For this, an on-board train integrity 

test must be provided because, in contrast to today, no track-side line-

clear detection systems are required with ETCS Level 3. Axle counters 

and line-clear detection systems can be uninstalled 

 

Benefit effect 

Low Medium High 

approx. EUR 10 million p.a. 

The introduction of ETCS Level 3 will significantly affect the capacity of rail infrastructure. The 

removal of line-clear detection systems or axle counters offers the potential for high savings in 

terms of the provision and maintenance of track-side installations. However, before these can 

be dismantled, freight trains must be able to perform automatic, on-board train integrity tests. 

This is not the case today. The above-mentioned track-side installations are essential for 

checking train integrity. 

An on-board train integrity test for freight wagons must meet high safety requirements. A 

possible train separation can be diagnosed and reported via a data bus, which is coupled via 

the DAC.  

[Martin et. al. 2015]65 assumes that if train integrity tests are introduced for freight trains, track 

circuits and axle counters would no longer be required in rail infrastructure. This would lead to 

savings in depreciation, interest and maintenance costs of approx. EUR 9.5 million. 

This notwithstanding, the introduction of ETCS Level 3 will, of course, generate far greater 

effects due to a significant increase in rail infrastructure capacity. However, these are not 

considered here. 

Use Case 23: Monitoring of loads / loading 

Use 

case 
Monitoring of loads / loading Benefit receiver 

Brief description WK RIU RU 

Sensor technologies already permit monitoring of weight and shifting 

loads during the journey. A DAC with an electrical power line can serve 

as an enabler here, since the power supply is no longer limited, as it is 

with today's solutions (rechargeable batteries). Unequal or excessive 

loads can be reduced, thereby increasing safety. Large impacts due to 

improper loading can also be detected. 

 

 

Benefit effect 

Low Medium High 

approx. EUR 2 - 5 million p.a. 

 
65 cf. Martin, v. Molo, Ji, Körner, Podolskiy (2015), Comprehensive introduction of a central buffer coupling, Perspectives for 
railway infrastructure companies, Stuttgart. p. 191-192. 
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In certain types of traffic, such as scrap metal transports, the freight wagons are driven over a 

weighbridge after loading to determine the weight of the freight wagon and load. This may 

detect that the wagon is overloaded and must be partially unloaded again. If the wagon is 

significantly overloaded, it must be completely unloaded and transferred to a workshop where, 

for example, the wheelsets will be replaced. Weight sensors could be used to signal when the 

maximum loading weight has been reached even while the wagon is being loaded. This could 

eliminate the time-consuming processes outlined above. Furthermore, these sensors could be 

used during the journey to determine whether a load has shifted. In this case, action could be 

taken to remedy the problem before it becomes serious. It is estimated that the average 

potential benefit for this use case is approx. EUR 2 to 5 million p.a.   

Use Case 24: Electro-pneumatic brake 

Use 

case 
EP brake Benefit receiver 

Brief description WK RIU RU 

DAC with power line as an enabler for the introduction of EP brakes in 

RFT. The introduction of EP brakes is expected to reduce wear on 

wheelsets and brakes. Also a requirement for operating longer trains and 

at higher speeds.  

 

Benefit effect 

Low Medium High 

approx. EUR 8 - 12 million p.a. 

With an EP brake, the signal for releasing the brake is transmitted electrically and not via the 

air line as in conventional systems. The electrical signal reaches all the freight wagons in the 

train almost instantaneously and brakes them at the same time. With a purely pneumatic brake, 

the air in the air line moves at a speed of approx. 270 m/s. As a result, the wagons at the end 

of the train brake later than those in the middle or nearest the locomotive ï particularly with 

long freight trains.  

The EP brake offers several advantages: 

Á Longer trains 

The long brake wave propagation times in conventional brakes can create critical 

longitudinal compressive forces with train lengths of greater than approx. 1,000 m. This 

is especially true when braking in curves, when the front part of the train is already 

braked, and while the rear part of the train closes up unbraked. Braking all vehicles in 

the train simultaneously using an EP brake offers the potential for significantly longer 

freight trains. 

Á Higher speeds 

Conventional air brakes can no longer be used at speeds above 140 km/h. 

Á Operating in brake position ñPò 

Using an EP brake would also allow all wagons to be run in brake position ñPò. This 

would enable the train to operate at a higher speed of 100 km/h instead of 90 km/h (in 

brake position ñGò), improving route throughput on existing infrastructure and thus 

increasing capacity. 
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Á Reduction of wear 

Even braking of all vehicles in the train ensures all brakes and wheelsets are evenly 

loaded. In contrast, conventional air brakes generate higher loads on the brakes, 

especially in the vehicles in the front section of the train. This leads to increased wear 

of brake pads and wheelsets. 

However, for the evaluation of the ñEP brakeò use case, only the benefit of wear reduction is 

monetised. The other advantages of the EP brake (longer trains, higher speeds, brake position 

ñPò) have already been included in previous use cases. The potential benefit is estimated to 

be high at approx. EUR 8 to 12 million p.a. 

Use Case 25: Derailment detection 

Use 

case 
Derailment detection Benefit receiver 

Brief description WK RIU RU 

Derailment detection is already possible using modern sensor 

technology. Fast and safe reporting of such incidents to the locomotive 

driver has not yet been implemented. A DAC with data bus line would 

make it possible to introduce this functionality. Reporting of derailment 

via data bus cable to the locomotive, initiation of braking by the 

locomotive driver to prevent the derailment causing major damage to the 

infrastructure. 

 

 

Benefit effect 

Low Medium High 

Not monetised 

The benefit of having reliable information about a derailment in the train is obvious. However, 

it is difficult to make a quantitative evaluation. Even where damage statistics regarding 

derailments are available, it is not easy to assess the amount of damage that could have been 

avoided if information had been provided in good time. For this reason, although a potential 

benefit is estimated in this use case, it is not monetised within the framework of this study. 

Use Case 26: Registration of wagon order 

Use 

case 
Registration of wagon order Benefit receiver 

Brief description WK RIU RU 

Automatic registration of the wagon order reduces manual workloads in 

the entry and exit areas of marshalling yards and in train formation in 

sidings. 

 

Benefit effect 

Low Medium High 

approx. EUR 1 - 3 million p.a. 

Today, a manual inspection of the wagon order is carried out when a train arrives at or before 

it leaves the marshalling yard. The wagon order is also checked manually before a train is 

formed in the siding. In order to be able to implement several of the use cases mentioned 

above (e.g. automatic brake test, automatic train integrity test, etc.), it is first necessary to 

perform a train setup from the driver's cab. In other words, the wagons would register in a train 
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network. This clarifies the order in which the individual wagons are arranged in the train and 

eliminates the manual work of checking the wagon order. The potential benefit is estimated to 

be moderate at approx. EUR 1 to 3 million p.a.  

Use Case 27: Monitoring brake condition 

Use 

case 

Monitoring brake condition (hand brake, air brake) 

and the brake lever position 
Benefit receiver 

Brief description WK RIU RU 

Prevention of flat spots on wheelsets due to blocked brakes 
 

Benefit effect 

Low Medium High 

approx. EUR 2 - 4 million p.a. 

Before a train departs, a brake test must be performed to check the functionality of the brake 

when it is applied and released. Drivers are also required to release any handbrakes before 

the train departs. Nevertheless, in practice, trains do occasionally start with wagon handbrakes 

applied or with a blocked brake pad. This can create flat spots on the wheelset. In addition, 

when a train brakes and then restarts, it sometimes does not stop for long enough to refill the 

air pipe to the last wagon. In this case, the train may start to move even though the wagons at 

the end still have their brakes applied. This, too, can create flat spots on the wheelset. Sensors 

on the brakes and handbrakes could prevent such incidents, thus reducing downtime and 

maintenance costs for the wagon. The potential benefit is estimated to be moderate at approx. 

EUR 2 to 4 million p.a.  

Use Case 28: On-board detection of hot boxes 

Use 

case 
On-board detection of hot boxes Benefit receiver 

Brief description WK RIU RU 

When alarms from fixed hot box detectors are triggered by hot bearings 

and hot wheel and brake discs, action must be taken (stop the train, 

check bearing and disc temperatures, remove the wagons, etc.). This 

leads to disruption of operating processes.  

 

Benefit effect 

Low Medium High 

approx. EUR 0.5 - 1 million p.a. 

In this use case, it is assumed that sensor technology is capable of identifying a hot wheel set 

at an early stage and that operational measures can thus be initiated proactively. The potential 

benefit is estimated to be relatively low at approx. EUR 0.5 to 1 million p.a. 

  



  

59 
 

4.1.8.5 Summary: Assessment of potential benefits of a DAC for Germany 

An accurate feasibility study for a DAC would have to be conducted at the business level, 

involving the RUs, wagon keepers and EIUs concerned. The following analysis should 

therefore only be considered an initial estimate of the expected potential benefits of a DAC for 

rail freight transport in Germany. The potential benefits estimated for Germany are used to 

extrapolate the potential benefits for European rail freight transport as a whole. 

Assuming that the DAC is fully adopted in Europe, the total potential for Germany is estimated 

at approx. EUR 205 - 295 million p.a. In the following, however, only an average potential 

benefit for Germany of EUR 250 million p.a. is assumed. The potential benefits are broken 

down according to use cases relating to efficiency improvements (EUR 115 million p.a.), 

safety/human resources/market potential (EUR 40 million p.a.) and automation (EUR 95 million 

p.a.).  

The main drivers of benefits related to efficiency improvements are the use cases for ñHeavy 

trainsò, ñReduction of time/costs associated with manual shuntingò and ñIncreased system 

speed in rail freight transportationò. However, the use cases ñReduction in wagon weight due 

to modified freight wagon designò and ñBrake position Pò also offer important potential benefits 

(see Fig. 18). 

Fig. 18: Potential benefits of the DAC from use cases related to efficiency improvements 

 

Source: hwh 

Of the use cases in the category safety/human resources/market potential, ñEntry into new 

market segmentsò is assessed as having a particularly high potential. However, the use cases 

that increase occupational safety, reduce recruitment costs or ensure the availability of 

marshalling personnel also make a major contribution. 

  



  

60 
 

Fig. 19: Potential benefits from use cases related to safety/human resources/market potential 

 

Source: hwh 

Of the use cases for the automation of RFT, the ñAutomatic brake testò is expected to provide 

the greatest benefit. However, the use cases ñEP brakeò, ñCondition-based maintenanceò and 

ñTrain integrity testò are also considered to offer very interesting benefits.  

Fig. 20: Potential benefits of the DAC from use cases related to automation 

 

Source: hwh 
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4.1.9 Extrapolation of the potential benefits of the DAC in Europe 

The estimated potential benefits stated in Chapter 4.1.8 totalled EUR 250 million p.a. for 

Germany, assuming full adoption of the DAC. These were applied to European countries based 

on national price indices66 and the rail freight transport services provided in the respective 

countries (in tkm). Accordingly, the benefit provided by the DAC in terms of transport 

performance is in step with the national price indices in the respective countries (see Fig. 21). 

The y-axis in Fig. 21 shows the benefit of the DAC in relation to transport performance (in 

million tkm) p.a. The x-axis shows the national price index, here the price index for Germany 

was scaled to 100 percent. The sizes of the circles in the figure indicate the respective national 

transport performance (tkm).  

It can be clearly seen that three different clusters of countries emerge at points along a straight 

line. The cluster at the bottom left includes the large rail freight markets in Eastern and South-

Eastern Europe, such as Poland, the Czech Republic, Slovakia, Bulgaria and Romania. These 

have a significantly lower price level than Germany, and benefit from the DAC by between 

approx. EUR 800 and EUR 1,200 per million tkm per year. The central cluster primarily 

comprises Central, Western and Southern European countries, such as Germany, France, 

Belgium, the Netherlands, Austria or Italy. Here, the price levels are roughly comparable to 

those in Germany, and the potential benefits from the DAC per million tkm lie between approx. 

EUR 1,500 and EUR 2,200 p.a. Finally, at the top right, are Switzerland, Norway and Denmark, 

with higher price levels than in Germany. Here, the annual benefit from the DAC per million 

tkm is correspondingly higher at approx. EUR 2,500 to EUR 2,600. 

Fig. 21: Potential benefits of the DAC in relation to transport performance and country 

 

Source: hwh 

 
66 cf. Eurostat, European Union; Price level indices for consumer goods and services in EU Member States, 2017. In Eurostat's 
original statistics, the EU average is scaled to 100 percent. For the purposes of these calculations, the scale was converted so 
that the price index in Germany corresponds to 100 percent.  
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In total, a potential benefit of approx. EUR 758 million p.a. was estimated for the EU-27 plus 

UK, NO and CH, assuming complete conversion of fleets to the DAC. These potential benefits 

are broken down as follows: approx. EUR 346 million from DAC use cases relating to efficiency 

improvements, approx. EUR 123 million from the DAC use cases relating to safety/human 

resources/market potential and approx. EUR 289 million from DAC use cases as enablers for 

automation. 

4.1.10 Ramp-up curve for potential benefits during migration 

One of the main challenges in migrating to a DAC is that the benefits created for stakeholders 

by the DAC do not increase in a linear relationship to the level of conversion of the freight 

wagon fleet. Fig. 22 shows a schematic of the utility curve per additional freight wagon 

equipped with a DAC during the migration process (left) and the cumulative utility curve (right).  

Fig. 22: Utility curve ï DAC benefit per freight wagon during migration (schematic) 

 

Source: hwh 

The following four phases can be identified: 

Á During Phase 1, the majority of retrofitted freight wagons will be those operating on largely 

closed tours, for which a DAC and the automation of operating processes will provide a 

major benefit. It is therefore assumed that the introduction of a DAC will generate a high 

benefit per freight wagon, especially in the early stages of the migration. 

Á In Phase 2, a growing number of freight wagons will be retrofitted that are in relatively free 

circulation and therefore not operated in largely closed systems. Initially, the benefit of the 

DAC per freight wagon decreases sharply, since not enough freight wagons are yet 

equipped with it. Additional costs are therefore incurred for parallel operation of freight 

wagons with the DAC and screw couplings.  

Á In Phase 3, the proportion of freight wagons equipped with a DAC is steadily increasing. 

By this point, so many freight wagons have been equipped that the benefit for each 

additional wagon equipped with a DAC increases significantly. This continues until the 

majority of freight wagons have been retrofitted and the full benefit potential can be 

exploited. 

Á In Phase 4, still more freight wagons will be retrofitted with a DAC, but due to their operating 

profile (e.g. only a small number of annual tours, seasonal traffic or similar) they will not be 

able to generate as much additional benefit ï a saturation effect emerges.  

The growth in benefits is disproportionately low when compared with the linear increase in the 

number of freight wagons equipped with the DAC. This reflects the fact that while retrofitting 
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requires significant investment, the additional utility is initially quite low. This leads to longer 

payback periods. At the same time, the utility curve suggests that the wagon keepers who 

benefit most will be those who only participate in the DAC migration during its later stages 

(from Phase 3) ï when the benefit per converted freight wagon is very high. These advantages 

for ñlate moversò and the disadvantages for ñearly moversò are discussed in greater detail in 

Chapter 5.5 Financing models.  

This cost-benefit assessment for the migration to a DAC thus assumed a disproportionately 

low benefit in comparison to the conversion status of the freight wagons.  

Fig. 23 shows the ramp-up curve for the potential benefits of the DAC for Europe, assuming a 

migration period of six years. From the sixth year onwards, the full benefit potential of approx. 

EUR 758 million p.a. will be achieved in Europe.  

Fig.23: Ramp-up curve for the potential benefits of the DAC to Europe 

 

Source: hwh 

4.1.11 Potential benefits of the DAC to national economies  

Transport creates significant ongoing costs for the general public, e.g. through the emission of 

greenhouse gases, accidents, noise, air pollution and land use. According to a study by the 

Infras Institute, on behalf of the pro-rail association Allianz pro Schiene, these ñexternalisedò 

transport costs amount to EUR 149 billion p.a. in Germany, of which road transport is 

responsible for almost 95 percent. According to the Infras study, the externalised costs per 

1,000 tkm are EUR 29.80 for road transport compared to EUR 9.50 for rail transport. Road 

congestion costs are not included in the above figures. Greenhouse gas emissions from rail 
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freight transport are five times lower than those from trucks (103 g/tkm truck vs. 19 g/tkm rail 

freight).67 

Rail can and should make an important contribution to achieving the German government's 

climate targets for 2030 and beyond. These targets require a reduction in transport-related 

greenhouse gas emissions of 40 to 42 percent compared to the 1990 level by 2030.68 Key 

factors for leveraging the volume of rail freight transport include ensuring that rail infrastructure 

is available in sufficient quantity and quality, creating a balanced regulatory framework for the 

various modes of transport that takes account of externalised costs, and improving the 

competitiveness of railway undertakings through organisational measures and innovation. 

The migration to a DAC will generate an increase in productivity, which improves the 

competitiveness of the rail freight as mode of transport. Consequently, the introduction of a 

DAC, in combination with further automation of operating processes, will also be a decisive 

factor in meeting climate targets for the transport sector. 

Within the framework of this study, it is not possible to perform a scientific evaluation of the 

potential for shifting freight from road to rail as part of the EU-wide migration to a DAC. 

However, it is recommended that such a study should be carried out at EU level. 

The introduction of a DAC and further automation components will have a positive effect on 

rail infrastructure capacity. This is clear from the various use cases presented in the previous 

chapters. For example, the introduction of an automatic train integrity test in freight trains is a 

prerequisite for the introduction of ETCS Level 3. In addition, the introduction of a DAC will be 

able to increase capacity in train formation facilities by reducing wagon handling times. Finally, 

the DAC will help to increase infrastructure capacity on the tracks by permitting the operation 

of heavier trains, running in brake position ñPò, etc. These positive effects on rail infrastructure 

were not financially evaluated in this benefit assessment.  

4.1.12 Results of the cost-benefit assessment 

The previous sub-chapters estimated the total costs for a migration to the DAC based on 

various assumptions and migration periods of six and eight years respectively. In addition, they 

assessed the potential benefits of a DAC in 28 use cases, taking into account a defined utility 

curve. Based on the discounted cash flow method, all the costs and potential benefits of 

migrating to a DAC have been mapped over a period of 25 years. In this process, cash flows 

are first allocated an inflation rate and then discounted with an interest rate. The average EU 

inflation rate of 1.4 percent (2019) was used for the calculations.69 A value of 3.0 percent was 

assumed for the interest rate. 

Fig. 24 shows the changes in payment flows over the period under review. During the first six 

years of the migration, negative cash flows predominate due to the procurement and retrofitting 

costs for the DAC, hybrid couplings and automation components. The benefits, however, are 

still small. This changes from the seventh year onwards, when the costs are low (DAC costs 

only for new build freight wagons) and the benefits are high. Due to the discounting at an 

interest rate of 3 percent, the positive cash flows resulting from the benefits provided by the 

DAC are reduced over the years. 

 
67 cf. Bieler, C.; Sutter, D. (2019), Externalised transport costs in Germany, road, rail, air and inland waterway transport 2017, 
2019, Zurich; Study commissioned by Allianz pro Schiene e.V. 
68 cf. https://www.bundesregierung.de/breg-de/themen/klimaschutz/klimaschutzprogramm-2030-1673578, accessed on 
30.09.2019. 
69 cf. Statista 2019, European Union; Inflation rates in the Member States. 
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Fig. 24: Payment flows for the migration to a DAC over a period of 25 years 

 

Source: hwh 

So, over what period does the net present value of the above-mentioned payment flows (costs 

and benefit potentials) become positive and how long is the payback period? According to Fig. 

25, the cumulative net present value of the investment in conversion to the DAC plus 

automation components only becomes positive from year 18 onwards. Accordingly, the 

payback period for this investment is 18 years. 

Fig. 25: Payback period for the migration to the DAC 

 

Source: hwh 
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The calculations performed for a cost-benefit assessment of the migration to the DAC are 

based on a number of assumptions, which were explained in the preceding chapters. For this 

reason, these calculations can only provide an indication of a business case for the DAC. They 

are not intended to replace detailed feasibility calculations, especially in the detailed 

assessments of the 28 use cases by the stakeholders. 

However, the results reveal one of the principal challenges in the migration to an automatic 

coupling in Europe. Due to the high procurement and conversion costs, the long migration 

period and the slow ramp-up of the utility curve, it will be difficult for wagon keepers/RUs to 

manage the migration to the DAC from a business standpoint. This is also the main reason 

why no automatic coupling has yet been introduced in Europe.   

There are various levers that could be used to increase the economic feasibility of the migration 

to the DAC or reduce the payback period. This will be examined in more detail in the following 

sensitivity analyses. 

4.1.13 Sensitivity analyses ï Feasibility study 

A variety of levers are available for influencing the economic feasibility of the EU-wide 

introduction of a DAC: 

Á Migration period; 

Á Procurement and conversion costs for the DAC / hybrid coupling / automation 

components; 

Á Earnings from the introduction of a DAC (potential benefits); 

Á Interest rate. 

Migration period 

The selection of the migration period has a significant impact on the payback period: the 

shorter the migration period, the shorter the payback period. This is easily comprehensible 

because the income from the introduction of a DAC is generated more quickly and the viability 

of the investment is thus increased. 

Fig. 26 shows the changes in net present value for an investment in the DAC plus automation 

components over migration periods of six years (basic scenario), eight years, and as extreme 

scenarios, one year and twenty years. The payback period for a migration period of six years 

is between 17 and 18 years. For a migration period of eight years, the payback period 

increases slightly by one year to between 18 and 19 years. In contrast, a migration to the DAC 

over a period of 20 years does not pay off in the 25-year period under consideration. A short 

migration period of just one year significantly reduces the payback period to about 15 years. 

However, as already explained in Chapter 4.1.6, such a rapid migration period is not 

considered feasible due to a lack of production and workshop capacities. 
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Fig. 26: Payback period ï Variations in the migration period 

 

Source: hwh 

Procurement and conversion costs 

Variations in the procurement and conversion costs for the DAC, hybrid couplings and 

automation components have a considerable influence on the economic viability of the 

investment. Halving the procurement costs for the DAC and hybrid couplings (e.g. due to more 

favourable purchase prices or financial support for investing in a DAC) would have a major 

impact on the profitability of the investment. For example, the payback period for the 

investment would be reduced from between 17 and 18 years to approx. 13 years. 

Halving the procurement costs for the DAC and hybrid couplings as well as halving the 

conversion costs for existing freight wagons and locomotives would reduce the payback period 

to approx. 12 years. 

An additional halving of the procurement and conversion costs for automation components (i.e. 

in addition to halving the procurement and conversion costs for the DAC and hybrid coupling), 

would result in a payback period of approx. 10 years. 
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Fig. 27: Payback period ï Variations in procurement and conversion costs 

 

Source: hwh 

Earnings from the introduction of a DAC (potential benefits) 

Within the framework of the present study, it is not possible to comprehensively assess the 

earnings items involved in the migration to the DAC. This would require the stakeholders, such 

as RUs, wagon keepers or RIUs, to carry out a precise feasibility study. 

Consequently, it was only possible to produce a rough estimate of the potential benefits of 

introducing a DAC. For most of the use cases, the estimates of potential benefits were 

conservative. An increase in the potential benefits would thus improve the feasibility of the 

investment and shorten the payback period. Increasing the potential benefits by +10 percent 

reduces the payback period to approx. 16 years, an increase of +20 percent reduces the 

payback period to between 14 and 15 years, and an increase of +30 percent reduces the 

payback period to between 13 and 14 years (see Fig. 28).  
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Fig. 28: Payback period ï Variations in potential benefits of the DAC 

 

Source: hwh 

Interest rate 

The feasibility study was performed using the discounted cash flow method (present value 

analysis). Using this approach, all cash flows (expenses and earnings) over the period 

considered were discounted at a specified interest rate. In the base scenario, this interest rate 

is three percent. Due to favourable refinancing conditions, it is conceivable that various players 

may even be able to refinance themselves at more favourable terms. Halving the interest rate 

to 1.5 percent would reduce the payback period to approx. 16 years (see Fig. 29). However, 

doubling the interest rate to six percent would extend the payback period to between 22 and 

23 years. 
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Fig. 29: Payback period ï Variations in interest rates 

 

Source: hwh 

Naturally, in addition to the scenarios described above, further variations of influencing 

parameters are conceivable. However, this applies especially to combinations of different 

scenarios. From the point of view of investors and operators, an optimum scenario might well 

look as follows: 

Á Halving of the procurement and conversion costs for the DAC, hybrid couplings and 

automation components; 

Á Increase in potential benefits by +30 percent; 

Á Migration period of six years (base scenario). 

Under such conditions, which are ideal from the stakeholdersô point of view, the payback period 

would be much shorter, at around 9 years (see Fig. 30). 
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Fig.30: Payback period ï alternative scenario 

 

Source: hwh 

4.1.14 Summary of cost-benefit assessment for a migration to the DAC 

The estimates of costs and benefits of the EU-wide introduction of a DAC, as presented in 

Chapter 4.1, were agreed with various stakeholders, such as selected RUs, wagon keepers 

and railway associations. Nevertheless, this cost-benefit assessment is based on a large 

number of assumptions and cannot replace the production of a feasibility study by the 

respective companies/stakeholders. The statements made in the preceding chapters are only 

intended to provide a general estimate of the costs and benefits of the EU-wide migration to a 

DAC.   

In summary, the following key data are assumed for the EU-wide migration of a DAC: 

Á Between 432,000 and 485,000 existing freight wagons to be retrofitted with a DAC and 

approx. 17,000 locomotives with hybrid couplings. Approx. 8,000 new freight wagons 

per year to be equipped with a DAC 

Á The target cost for the procurement of a DAC is between EUR 4,000 and EUR 5,000. 

Thus, procurement costs of between EUR 8,000 and EUR 10,000 per freight wagon 

are assumed for the DAC. The target cost for the procurement of a hybrid coupling for 

locomotives is EUR 10,000 per unit, equating to a target cost of EUR 20,000 per 

locomotive. 

Á The costs of installing two DACs in existing freight wagons are estimated at EUR 2,500. 

The costs of installing hybrid couplings in locomotives are calculated at EUR 5,300. 

Á Costs of EUR 5,000 per freight wagon are assumed for the additional installation of 

automation components in the freight wagons, e.g. automatic brake and train integrity 

tests. 
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Á The migration phase should be kept as short as possible in order to minimise operating 

costs incurred by the parallel operation of freight wagons with DACs and screw 

couplings during this period, and to generate the benefits from the introduction of a 

DAC as quickly as possible. However, it will also be necessary to build up sufficient 

production capacity for manufacturing the DACs and workshop capacity for installing 

the DACs in freight wagons and locomotives. A migration period of six years is therefore 

assumed as a base scenario. 

Á The total costs for the EU-wide migration to the DAC are currently estimated at approx. 

EUR 4.7 to EUR 6.2 billion. Taking into account the costs of installing automation 

components in the freight wagons, the total costs amount to approx. EUR 6.4 to EUR 

8.6 billion. 

Á To calculate the financial benefits of the introduction of a DAC, 28 use cases were 

defined and divided into three categories: efficiency improvements, safety/human 

resources/market and enabler function for automation. Overall, the annual potential 

benefit for Germany is estimated at between EUR 205 million and EUR 295 million, 

assuming that the freight wagon fleet is fully equipped with the DAC and automation 

components. Extrapolated to the EU-27 plus CH, NO and UK, the annual potential 

benefit is estimated at approx. EUR 760 million. 

Á Based on the above assumptions (base scenario), the payback period for an 

investment in the EU-wide introduction of a DAC is 18 years. The payback period can 

be influenced considerably by varying individual parameters, e.g. reducing 

procurement and/or conversion costs, increasing potential benefits, lowering interest 

rates, or reducing the migration period. 

Á In an alternative scenario, in which procurement and conversion costs are halved, the 

potential benefits are increased by +30 percent, with a migration period of six years 

and an interest rate of 3 percent, the payback period is nine years. 
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4.2 State of the art: Automatic couplings 

This study analysed the current state of the art for automatic couplings in worldwide and 

European freight traffic. The main findings are described below. For further details on this 

chapter, please refer to the technical report ñDAC Technologyò produced by TU Berlin. 

The Technical Innovation Circle for Rail Freight Transport has defined five automation levels 

(Types 1 to 5) for the automatic coupling for RFT. These differ primarily in terms of their number 

of automatically coupling interfaces. While DAC Types 1 to 4 ñonlyò provide automatic coupling, 

a Type 5 coupling also offers fully automatic, remote-controlled decoupling. 

Fig. 31: Classifying the automation level of an automatic coupling 

 

Source: TIS  

The coupling connections must be rigid in order to provide automatic coupling of air, power 

and data lines. The couplings used worldwide in rail freight traffic are not rigid and, 

consequently, an alternative or adapted coupling must be selected. The following three 

coupling profiles are proposed for RFT in Europe: 

Willison couplings 

The Russian SA3 is the most commonly used Willison type coupling. The AK69/Intermat 

derivatives, as well as the more compact, lightweight version C-Akv, have been specially 

designed for use in Europe. The manufacturer CAF is currently developing a DAC prototype 

based on the Willison principle. These couplings are all rigid and can be used to establish 

connections between media automatically during the coupling process. They are robust and 

easy to handle, but also heavy. 

Scharfenberg- Type 10 coupling 

Since 2002, the Scharfenberg (SchaKu) Type 10 coupling has been standard in European 

high-speed rail traffic. The companies Voith and Dellner are both currently developing DAC 

prototypes based on the Type 10 for use in RFT. Scharfenberg couplings are rigid, lightweight, 

can be fully automated and are used worldwide in RFT.  

Schwab coupling 

The rigid, fully automatic Schwab FK coupling is mainly used in Swiss rail passenger transport. 

Wabtec is currently the sole manufacturer of the Schwab coupling. Development and testing 

of a variant of this coupling for rail freight transportation began in 2014. Its advantages are 

primarily low weight, high load capacity and good weather resistance.  
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Table 3 compares the characteristics of the various coupling types.70 It can be seen that the 

couplings differ in terms of the operational range of their functions and their characteristics 

(e.g. load capacity). This table is primarily intended to provide an overview of their functions. 

The actual suitability of a DAC can only be proven by extensive testing. 

Table 3: Comparison of the functionalities of automatic couplings for RFT 

 

Willison 

Scharfenberg71 Schwab 
SA3 

Ak69e/ 
Inter-
mat 

C-AKv 

Experience RFT Yes Yes Yes Partly Pilot 

Load capacity 
(push/pull) [kN] 

2500/2500 1000/2000 1000/2000 1500/2000 

Gathering range 
[mm] 

V ± 140 
H ± 160 

V ± 140 
H ±- 220 

V ± 120 
H ± 190 

V ± 140 
H +370/-275 

V ± 120 
H ±- 290 

Deflection Yes Yes Yes Yes 

Decoupling 
under traction 

Ò 7.5 kN Ò 40 kN Ò 20 kN No Ò 300 kN 

Buffer position Yes Possible 

Re-locking Yes 
Possible, with 

restrictions 
Yes 

Reliability Good Good Good 

Automatic 
operation           
of the brake 

Yes Yes 

Coupling speed - 1.5 - 12 km/h   ~0.5 - 8 km/h  0.5 - 8 km/h 

Wear 
Running 

High, but 
wear-

tolerant 
- Insignificant 

Coupling Insignificant Low Insignificant 

Maintenance 
requirements 

Insignificant Low Low Low Very low 

Pneum. 
connection No Yes Yes 

Power/Data 

Dirt/Winter 
resistance 

Very good Good to very good Good Very good 

Weight High Very high Low Low 

Source: TU Berlin  

The introduction of a DAC faces both technical and operational challenges that must be solved 

in the run-up to a migration. One of the most important tasks is the agreement of a uniform 

coupling type for Europe. This includes both the mechanical interface and the degree of 

automation. Mixed operations with ACs from Type 1 to Type 5 should be avoided at all costs. 

These would place enormous demands on operations. This applies, in particular, if the AC is 

accompanied by safety-relevant functions, such as an EP brake or automatic train end 

 
70 The comparison presented in the table is based on publicly available data or data provided by the respective manufacturers. 
No information was available for the SA3 manufactured by CAF, so it is not listed here. 
71 The couplings manufactured by Voith and Dellner are listed together due to their similarity. 
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detection. Just one freight wagon with a Type 1 or Type 2 AC would interrupt a continuous 

power/data line in the train. This would make digitisation of RFT almost impossible. 

Installation space and structural strength 

Since 2006, a growing number of freight wagons have been built which no longer offer 

installation space for the AC. A solution must also be found for these wagons. However, even 

if installation space is available for the coupling, this is still not a ñplug'n'playò situation because 

not all freight wagons are designed for the forces involved in an AC. This is especially true for 

freight wagons built in the 1980s or earlier. This may result in higher installation costs and 

proofs being required for these wagons.  

Current applicability of the design principles   

Coupling designs are largely based on railway operations and calculation methods dating from 

the 1960s/70s. Technological advances in RFT mean a design based on historical precedents 

could force couplings to be incorrectly dimensioned and create obstacles to innovative 

approaches, or potentially new train designs. In particular, requirements regarding structural 

strength and the need for stabilising joints to prevent derailment are still unclear. For this 

reason, it is recommended that the requirements for the dimensioning of a DAC be investigated 

with regard to the tensile and compressive forces occurring in the train.72 

Degree of standardisation  

The DAC not only demands standardisation of connection dimensions, measurements, and 

electrical power and data line specifications, but also of load requirements and weight limits. 

At a minimum, the following components should be standardised: 

Á profile of the coupling head and line coupling; 

Á operating equipment; 

Á interface between coupling body and shock absorber/damping device. 

In addition, the standardisation of other AC components would be helpful, e.g. the locking 

mechanism, shaft, joint or connectors, such as sleeves or similar, and wearing parts. The 

advantages of extensive standardisation include cost savings, increased component 

availability and improvements in quality.  

  

 
72 Cf. Technical Report ñDAC Technologyò 
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4.3 Current research and development on the automatic coupling 

As part of this study, TU Berlin analysed the current state of research and development in the 

area of automatic couplings. A brief summary of the main findings is presented below. For 

further information on this subject, please refer to the technical report ñDAC Technologyò 

produced by TU Berlin.  

Over the past 15 years, there have been various scientific studies and publications on 

automatic couplings. Examples include the studies by Sünderhauf73, Stuhr74, Martin75 and the 

ShiftĮRail project ñFr8rail Iò76 . These studies investigated automatic couplings to determine 

their suitability and benefits for European RFT and/or their economic viability. All classified the 

AC as fundamentally worthwhile. In addition, they see the AC as opening the door for many 

technologies that would assist in the digitisation of RFT.  

An evaluation of different AC types conducted in the project ñFr8Rail Iò leads to a very similar 

assessments of the various coupling types. Willison-based couplings were classified as the 

most suitable for the purposes of European RFT due, in particular, to their reliability, wear 

characteristics and purchase price. The connection of media (air, electricity, data) was 

considered less important. The follow-up project ñFr8rail IIò is currently developing a Willison 

Type 4 coupling.  

As part of the BMVI research project ñConstruction and Testing of Innovative Freight Wagonsò, 

two different Type 2 automatic couplings were tested in a demonstrator train between 2016 

and 2019. SBB Cargo is also testing Type 2 automatic couplings in the ñ5L demonstratorò train. 

  

 
73 Sünderhauf, B.: The Automatic Central Buffer Coupling (AC) - Cost-Benefit Analysis. ALTAPLAN LEASING GmbH,  
Grünstadt, issue April 2009. 
74 Stuhr, H.J: Investigation of application scenarios for an automatic central buffer coupling. TU Berlin  
Berlin, dissertation, 2013. 
75 Martin, U..: Comprehensive introduction of the central buffer coupling ï Prospects for railway infrastructure undertakings. Books 

on Demand GmbH, Neues verkehrswissenschaftliches Journal Heft 13, Books on Demand, Norderstedt, 2015. 
76 For further information cf. the FR8RAIL website: https://projects.shift2rail.org/s2r_ip5_n.aspx?p=FR8RAIL 
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4.4 National and EU-wide legal framework 

This study analysed the national and EU-wide legal framework for the introduction of a DAC. 

The key findings are presented below. For a more detailed discussion of this subject, please 

refer to the technical report ñDAC Technologyò produced by TU Berlin.  

The legal situation for European rail traffic is presented in the hierarchy displayed in Fig. 32. 

The top four levels of the hierarchy are all EU regulations. Consequently, EU laws are decisive 

in obtaining approval for the DAC. The approval procedures are laid down in Interop and the 

Implementing Regulation. The relevant regulations for the minimum technical requirements are 

TSI WAG, TSI LOC&PAS and TSI OPE.  

Fig. 32: Regulatory pyramid for European rail transport 

 

Source: TU Berlin 

The work/expense involved in obtaining approval for freight wagons with a DAC should be kept 

as low as possible. Put simply, the DAC should receive a test certificate that is independent of 

the vehicle in order to avoid the need for individual DAC tests for each vehicle/type. This is the 

process used today, e.g. for side buffers, draw hooks and screw couplings. 

The DAC can be approved by means of an Intermediate Statement of Verification (ISV) or as 

an interoperability constituent (IC). 

Intermediate statement of verification (ISV) 

An ISV is an inspection of selected components in a subsystem (e.g. WAG TSI). A 

manufacturer can have a component certified for compliance with the TSI ï including selected 

sections of the regulation. The manufacturer must also define the limiting conditions for the 

use of the components (Annex IV 2016/797 Interop). For the DAC, this means that the coupling 

manufacturer must demonstrate that the DAC complies with the relevant TSIs. The more 

comprehensive the ISV, the less evidence is required for the authorisation for placing in service  

of vehicles. In the best case, the ISV should already include all the interfaces for the DAC Type 

4, including the power and data line. Compared to the other options, the approval of the DAC 

by means of an ISV would be quick and unbureaucratic. In this case, the DAC must conform 
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with the TSIs. In all probability, the DAC does comply with the TSIs. A DAC standard would 

probably significantly reduce the burden of proof for manufacturers.  

Interoperability constituents (IC) 

Another possibility is to enter the DAC in TSI LOC&PAS and TSI WAG as an interoperability 

constituent (IC). While the advantages are identical to those of the ISV, according to the 

authorsô own estimates, the requirements and workload involved are much higher. An IC, 

unlike an ISV, must fully comply with the relevant TSIs. In addition, the usability and 

maintainability of the IC must be guaranteed in each EU Member State. An IC can only be 

introduced as part of a TSI revision ï every five years. As a rule, this is a European agreement 

process that takes several years and is the responsibility of the ERA, which requires the 

approval of the Member States. The process for the next TSI revision in 2022 has already been 

initiated. As soon as the DAC is registered as an IC in TSI, manufacturers will be obliged to 

obtain approval for their DAC through this channel. If the DAC cannot be admitted as an IC 

during the upcoming TSI revision, e.g. due to delays, it can still be admitted via an ISV. 

Approval of vehicles with a DAC 

To obtain approval for vehicles with a DAC, the DAC of the respective manufacturer should be 

tested and approved in advance. For newly developed vehicles, compliance with the relevant 

limiting conditions for the installation of the DAC must ñmerelyò be verified. The workload 

involved here is estimated to be low. In particular, this is because a comprehensive vehicle 

dossier containing all the relevant registration documents must be available, independently of 

the DAC.  

Approval of existing rolling stock 

In accordance with EU regulations, existing rolling stock will probably require a renewed 

ñauthorisation for placing in serviceò. This conclusion is based on the following sections of 

Interop, the Implementing Regulation and TSI WAG: 

1. Possible influence on the overall safety level (Interop Article 21(12 b)).  

2. Specifications prescribed by TSI (Interop Article 21(12)(c)). 

3. The holder of the vehicle type approval is different from the applicant for the 

conversion (Implementing Regulation Article 15(4)). 

Re. 1. Influence on the overall safety level 

This section is a critical aspect since, in accordance with Interop, even a potential impact on 

safety will result in a new ñauthorisation for placing in serviceò being required. It is unclear how 

an ñoverall safety levelò can be quantified so precisely that it is possible to determine whether 

ñauthorisation requirementò or ñno authorisation requirementò is the appropriate decision. The 

fact that the coupling is per se a safety-relevant component according to TSI WAG suggests it 

will influence the safety level. On top of this, according to Interop, electrical systems in the 

vehicle create fundamental changes in the safety situation.  

Re. 2. Specifications prescribed by TSI  

According to WAG TSI, a new authorisation for placing in service is required as soon as the 

main brake pipe is coupled and thus deviates from the current design of the UIC brake (WAG 

TSI Annex C 9/14). After an initial consultation with the ERA, it emerged that this conflict could 
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probably be resolved by means of a risk assessment in accordance with the CSM regulations 

and that a new authorisation for placing in service is therefore not necessary. 

Re. 3. Holder of the vehicle type-approval is different from applicant for the conversion  

Only the holder of the vehicle type-approval may carry out a technical modification on the 

vehicle without a new authorisation for placing in service. For all others, a new vehicle type 

must be created and the authorisation for placing in service must therefore be renewed. The 

holder of a vehicle type-approval is the person who applied for and obtained the type-approval 

for a vehicle or their legal successor. This need not necessarily be the current owner.  

Missing entry in the European register of rolling stock (ERATV) 

The majority of the vehicles are probably not registered in the European register of rolling stock 

(ERATV). The vehicles being retrofitted must have an entry so the ERA can create a new 

version of the vehicle with the DAC in ERATV in the first place. In the case of existing vehicles, 

especially older models, the registration documents are often no longer available or have not 

been prepared in the detail required today. Providing evidence of compliance with limiting 

conditions is a major challenge for vehicle owners. A suitable procedure must be developed 

for this purpose. 

Hazardous goods requirements 

Transport, product and operating safety measures must be implemented along the entire 

transport chain. The RID77 published by the Intergovernmental Organisation for International 

Carriage by Rail (OTIF) is the relevant regulation for transport safety. This includes passive 

protection measures for tank wagons with ACs. Electrical equipment on wagons for hazardous 

goods is not taken into account. Here, it will be necessary to consult with the RID to clarify how 

to deal with a power line and electrical equipment. It may also be necessary to update the RID. 

The RID is re-issued every two years. 

Product and operating safety regulates the requirements for potentially explosive zones in 

companies and requirements for products. Here, the relevant regulation is the ATEX78 

Directive79, which defines hazardous zones and the requirements for entering potentially 

explosive areas. Recognised and comprehensive ñexplosion protectionò requirements for 

electrical components are listed in the relevant standards. These must be used when 

developing specifications for the DAC and other electrical components. The hazardous zones 

are relevant to the extent that a wagon, including the AC and auxiliary consumers or buffer 

batteries, must meet the prescribed conditions in order to enter them. 

 

  

 
77 Regulation concerning the International Carriage of Dangerous Goods by Rail (RID). 
78 Atmosphères explosibles (explosive atmospheres). 
79 Product Safety RIL 2014/34/EU, Operating Safety RIL 1999/92/EC.  



  

80 
 

4.5 Relevant transport markets and stakeholders for a migration to the DAC 

The advantages of rail freight, compared to road transport, are particularly strong on long 

routes. For this reason, it is important always to consider the international implications of rail 

freight transport in Europe. Screw couplings for freight wagons and locomotives are currently 

harmonised throughout Europe and thus critical to the functioning of the European rail freight 

market. Clearly, the introduction of a DAC can only succeed by taking the Europe-wide 

approach. A solo effort on the part of individual countries, or even individual stakeholders, 

would not achieve the desired result, as the freight wagons would no longer be compatible with 

each other. 

Even if the objective is clear ï that all members of the EU-27 plus other European countries 

should participate in the migration to a DAC ï one important question still arises: Does the 

changeover absolutely require an approach that includes all these countries, or could a 

selection of countries and stakeholders be sufficient to convert a critical mass of freight wagons 

to the DAC? 

To answer this question, the following section first examines the statistics for international rail 

freight routes between countries. It then analyses which stakeholders must definitely be 

involved in the preparation of a migration. 

4.5.1 Relevant transport markets for migration to a DAC in Europe 

In Germany, rail freight services transport approx. 87.7 million tonnes of freight to and from a 

total of 36 European countries as exports and imports.80 In addition, there are transit transports 

that pass through Germany and, of course, domestic transports. Fig. 33 shows the largest 

import/export markets for rail freight transport in Germany. The largest volume transported by 

rail is to/from Italy (approx. 25 million t p.a.), followed by the Netherlands (19.5 million t) and 

Austria (13.3 million t). Other major foreign markets for German rail freight transport include 

Poland, the Czech Republic, Switzerland, Belgium, France, Sweden and Hungary. These ten 

largest foreign markets account for approx. 94 percent of imports and exports to/from Germany 

by rail. Approx. 5.9 million tonnes are exported/imported to and from a total of 26 other 

European countries by rail. 

  

 
80 cf. Destatis 2017. 
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Fig. 33: Rail freight transport volumes, imports/exports to and from Germany (2017) 

 

Source: destatis 2017 

Fig. 34 shows the rail freight transport routes to/from Germany with a volume of more than one 

million tonnes p.a. Here, too, it can be seen that the main international transport flows by rail 

to and from Germany are with the countries already mentioned above. 

Fig. 34: Rail freight transport volumes, export/import DE greater than one million tonnes (2017) 

 

Source: hwh, based on figures from destatis 2017 
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From these two analyses it can already be concluded that, purely from the perspective of the 

German rail freight industry, any migration to a DAC in Europe must certainly involve Italy, 

Switzerland, Austria, Hungary, the Czech Republic, Poland, France, Belgium, the Netherlands 

and Sweden, simply because of the high transport volumes. 

In addition, it is necessary to identify the other international transport relationships that exist in 

European rail freight transport (excluding Germany). Fig 35. shows all the international 

European rail freight routes, which exceeded one million tonnes in 2017 (excluding Germany 

and national traffic).  

Fig. 35: International RFT routes in Europe, greater than one million tonnes (2017, excluding 

Germany) 

 

Source: hwh, based on figures from Eurostat 2017 

Fig. 35 clearly shows that there are other major RFT routes between various countries. For 

example, more than 20 million tonnes p.a. are transported by rail between Sweden and 

Norway. There are also a variety of significant transport routes between Poland, the Czech 

Republic, Slovakia, Hungary and Austria. The routes from the ARA ports in the Netherlands 

and Belgium to Italy (and v.v.) also feature among the most important in Europe.  

But which countries are, in turn, highly relevant to Germanyôs ten largest foreign rail freight 

transport markets? Here, it can be seen that Slovakia is an important export/import market for 

Poland, the Czech Republic, Austria and Hungary, among others. Since a total export/import 

volume of 1.4 million tonnes is also transported between Germany and Slovakia, it makes 

sense to involve Slovakia in a DAC migration. 

Similarly, large volumes of freight are transported by rail between Luxembourg and France. 

Approx. 0.9 million tonnes are also transported between Luxembourg and Germany, so 

Luxembourg must also be included in a DAC migration under all circumstances. 
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Other relevant national markets, with a transport volume of more than one million tonnes p.a. 

by rail with at least one of Germanyôs ten largest transport markets, are Slovenia (high 

relevance for Austria), Norway (high relevance for Sweden) and Croatia (high relevance for 

Hungary). 

Thus, due to their high transport volumes of more than one million tonnes p.a. in international 

rail freight traffic, the following countries should participate in a migration to the DAC as a 

minimum (in alphabetical order): Austria, Belgium, Croatia, the Czech Republic, France, 

Germany, Hungary, Italy, Luxembourg, the Netherlands, Norway, Poland, Slovenia, Sweden 

and Switzerland. Denmark should also be mentioned due to its key position in transit traffic 

to/from Scandinavia. 

But what is the relevance of the other countries not yet listed above for European rail freight 

transport? To what extent must further national markets be integrated into a migration to the 

DAC? To answer this question, separate analyses are being carried out for the following 

clusters of countries: 

Á Cluster I: Great Britain/Ireland 

Á Cluster II: Baltic States/Finland 

Á Cluster III:  South Eastern Europe  

Á Cluster IV: Iberian Peninsula. 

The following analyses will, in particular, investigate the transport volumes of these countries 

with other countries that have already been identified as relevant for a migration to a DAC. It 

is assumed that smaller transport volumes, of only a few hundred thousand tonnes per year, 

could be managed without compatibility between a DAC and a screw coupling, if necessary. 

For example, if the annual transport volume from Country A to Country B is 200,000 tonnes 

and the average train weight is 1,000 tonnes per train, only approx. 200 freight trains would 

run between the two countries each year. This would equate to a maximum of one train per 

day, which could be managed through other measures without the need for full compatibility 

(e.g. using a buffer car).  

Ideally, however, as already emphasised above, all EU-27 countries plus other European 

countries should participate in the migration to a DAC. 

4.5.1.1 Cluster I: Great Britain/Ireland 

There is no exchange of goods by rail between Ireland and mainland Europe for geographical 

reasons. Imports and exports by rail to/from Great Britain, on the other hand, total approx. 0.8 

million tonnes p.a. with Germany (approx. 325,000 t), France (approx. 195,000 t) and Spain 

(approx. 250,000 t). Due to the relatively small volumes involved and the fact that Great Britain 

has transport relationships with only the three countries mentioned above, the conversion of 

rail freight transport in Great Britain to a DAC is desirable and sensible, but not absolutely 

necessary. This means that Great Britain could potentially delay its participation in the DAC 

migration to a later date, in a second phase of the conversion process. 

4.5.1.2 Cluster II: Baltic States/Finland 

The special feature of rail transport in the Baltic States and Finland is that the trains run on 

broad-gauge tracks. This means that rail traffic between these countries and continental 

Europe is only possible with re-gaugeable freight wagons or reloading. 
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Finland already operates mixed traffic with a screw coupling and an SA3 coupling, as there is 

a lively exchange of goods by rail between Russia and Finland. It only transports a small 

volume of goods by rail to other EU countries ï approx. 152,000 tonnes p.a. to/from Sweden 

(FI-SE shipping only). If a DAC with an SA3 coupling head were to be selected as standard in 

the EU, this would make a migration to the DAC in Finland unnecessary.81 It is considered 

quite unlikely that Finland would agree to choose a coupling head other than SA3, as this 

would result in a loss of compatibility with Russian freight wagons. 

The Baltic States ï Estonia, Latvia and Lithuania ï also have a broad-gauge rail network. In 

the Baltic States, rail freight traffic is mostly with Russia. There are no rail freight services 

to/from Estonia outside the Baltic States and Russia. Latvia has a low volume of rail freight 

traffic with Poland (approx. 20,000 tonnes p.a.). Only Lithuania transports more significant 

volumes of freight by rail (approx. 440,000 t p.a.), principally with Poland, but also to/from 

Austria (12,000 t), Hungary (7,000 t), the Czech Republic (4,000 t) and Germany (2,000 t). Like 

Finland, the Baltic States would also benefit if the other EU countries were to adopt a DAC 

with that uses an SA3 coupling head. It seems unlikely that freight wagons in the Baltic States 

would be converted to a different coupling head, as this would again restrict the exchange of 

goods by rail with Russia.  

4.5.1.3 Cluster III: South Eastern Europe 

In South Eastern Europe, on the other hand, the situation is somewhat more differentiated. 

Firstly, significantly more countries are involved here ï Romania, Bulgaria, Turkey, Greece, 

Northern Macedonia, Serbia and Montenegro ï than in Clusters I and II. Secondly, rail freight 

traffic in the above-mentioned countries is on standard gauge. 

Á Romania 

In total, Romania exports/imports about 5.5 million tonnes p.a. by rail with Hungary, Italy, 

Poland, Slovakia, Austria, Bulgaria, Germany and other countries. Hungary (approx. 1.3 

million t), Poland (approx. 740,000 t) and Slovakia (approx. 700,000 t) are its major 

export/import markets. Due to the large transport volumes between Romania and countries 

already identified above as relevant for a migration to the DAC, Romania should also be 

included in this process. 

Á Bulgaria 

Bulgaria also has significant international rail transports with a volume of approx. 1.2 million 

tonnes p.a.82 The main export markets for Bulgaria are Romania (approx. 400,000 t), 

Turkey (approx. 390,000 t) and Slovakia (approx. 210,000 t). Romania is a highly relevant 

market for Bulgaria, so Bulgaria should ideally also be involved in the first phase of 

migration to the DAC. 

Á Turkey 

Even though Turkey is not a member of the EU, the exchange of goods between Turkey 

and the EU is still economically relevant. Approx. 280,000 tonnes p.a. are exported by rail 

from Turkey, mainly to Hungary (106,000 t), Austria (54,000 t), France (54,000 t) and other 

countries (including 44,000 t to Germany). Turkey imports approx. 850,000 tonnes of 

freight by rail each year. The main shipping countries here are Bulgaria (390,000 t), 

Hungary (224,000 t) and Slovakia (82,000 t). Integrating Turkey into a migration to a DAC 

 
81 Provided that the SA3 coupling head selected for the EU is actually compatible with the Russian SA3. 
82 Only export data are known here, import data are not available in Eurostat. For this reason, it can be assumed that the true 
transport volume is higher than that stated here. 
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would therefore certainly be advantageous. However, SA3 couplings are already used 

alongside screw couplings in Turkey today. Thus, if Europe selected an SA3 coupling as 

its future standard, this would also have the positive side effect that rail traffic with Turkey 

would remain compatible. It seems quite unlikely that Turkey would agree to comply with 

any European DAC standard other than an SA3 coupling, as Turkey is already converting 

to the SA3.      

Á Greece 

In 2017, approx. 1.1 million tonnes of freight were transported by rail to/from Greece. The 

most important national markets for Greece are Northern Macedonia (approx. 340,000 t), 

Hungary (approx. 350,000 t), and Austria (approx. 120,000 t). Ideally, Greece would 

therefore also support the introduction of a DAC. If not, Greece could also potentially delay 

its participation in the DAC migration to a later date, e.g. in a second phase of the 

conversion process. 

Á Serbia 

Serbia exports a total of approx. 1.4 million tonnes of freight by rail.83 Its largest export 

markets are Montenegro (450,000 t), Northern Macedonia (270,000 t) and Croatia 

(160,000 t). Ideally, Serbia would support the introduction of a DAC. If not, Serbia could 

also potentially delay its participation in the DAC migration to a later date, e.g. in a second 

phase of the conversion process. 

Á Northern Macedonia 

In total, approx. 0.9 million tonnes p.a. are transported by rail from/to Northern Macedonia. 

Its principal national markets are Greece (340,000 t), Serbia (270,000 t) and Bulgaria 

(100,000 t). Ideally, Northern Macedonia would therefore also support the introduction of a 

DAC. If not, Northern Macedonia could also potentially delay its participation in the DAC 

migration to a later date, e.g. in a second phase of the conversion process. 

Á Montenegro 

Montenegro imports/exports a total of approx. 0.5 million tonnes of freight by rail. The main 

market for Montenegro is Serbia with an import volume of 450,000 tonnes. Ideally, 

Montenegro would therefore also support the introduction of a DAC. If not, Montenegro 

could also potentially delay its participation in the DAC migration to a later date, e.g. in a 

second phase of the conversion process. 

4.5.1.4 Cluster IV: Iberian Peninsula 

Portugal currently only has international rail freight traffic with Spain (approx. 2.3 million tonnes 

p.a.). On the other hand, the rail transport connections between Spain and other European 

countries are much stronger. Here, approx. 2.4 million tonnes of imports and exports are 

transported by rail. The main market for Spain is Germany with a total transport volume of 

approx. 1.5 million tonnes p.a. However, international rail transports also run to France 

(200,000 t), Great Britain (250,000 t) and Italy (75,000 t). 

Spain and Portugal have a broad gauge, so goods are usually transshipped at the Spanish-

French border. However, Spain and Portugal also have a total of 11,140 registered freight 

wagons with a variable track gauge. These freight wagons are also approved by TSI WAG and 

can therefore be used for operations on both standard and broad gauges.84 It can therefore be 

 
83 Data for imports by rail to Serbia are not available in Eurostat. 
84 cf. Liebing, S., TÜV Rheinland Intertraffic GmbH, Quantification of the retrofitting needs of freight wagon fleets in Germany and 
the EU Member States under various legal scenarios, on behalf of the German Federal Railway Authority, Berlin, 2019. 
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assumed that many re-gaugeable freight wagons are also used in international rail freight traffic 

to/from Spain. At least this sub-fleet of freight wagons in Spain/Portugal would have to be 

considered for a migration to a DAC. 

4.5.1.5 Summary assessment of transport markets 

Fig. 36 provides a summary of the countries which must participate in a migration to a DAC. 

In addition, it shows the countries where conversion would be desirable from the outset, but 

not mandatory or possibly only necessary for part of their overall fleets. Finally, it identifies the 

countries where there is less need to convert the wagon fleet. These include countries where 

automatic couplings are already in use, or where international RFT only exists on a very small 

scale and these small quantities can be handled by alternative production concepts, if 

necessary. 

Fig. 36: Relevance of national markets to the migration to a DAC 

 

Source: hwh 
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4.5.2 Relevant stakeholders in a migration to a DAC 

In addition to the national markets considered in the previous chapter, it is also important to 

identify the stakeholders that should be involved in a migration to a DAC. To do this, the 

stakeholders were divided  into the groups shown in Fig. 37. 

Fig. 37: Relevant stakeholder groups for a migration to a DAC 

 

Source: hwh 

In the following section, we will show which essential protagonists from each stakeholder group 

should be involved in a migration to a DAC and determine the respective interests of the 

stakeholder groups in relation to the introduction of a DAC. 

4.5.2.1 Stakeholder group: Wagon keepers 

The DAC will be installed in freight wagons belonging to the wagon keepers. For this reason, 

wagon keepers will bear the costs of procuring and retrofitting their freight wagons with DACs. 

Wagon keepers can be differentiated by the business models they follow: 

Á Railway undertakings with their own freight wagons; 

Á Freight wagon leasing companies; 

Á Shippers with their own freight wagons; 

Á Rail forwarding agents / CT operators with their own freight wagons. 

In principle, the group of wagon keepers is relatively open to a migration to a DAC in Europe. 

However, while wagon keepers bear the costs of procuring and retrofitting their freight wagons 

with DACs, many of the benefits of a DAC accrue to the RUs, which can partially automate 

their operating processes. In this respect, for wagon keepers that are not RUs themselves, it 

is legitimate to ask how and by whom the payback for the investment in a DAC can be made. 

In total, there are 994 registered owners of freight wagons in the EU-27 plus UK, Switzerland 

and Norway, of which 245 are registered in Germany alone.85 A total of 679 parties have signed 

the General Contract of Use for Wagons (GCU).86 These include 280 wagon keepers that are 

 
85 cf. Liebing, S., TÜV Rheinland Intertraffic GmbH, Quantification of the retrofitting needs of freight wagon fleets in Germany and 
the EU Member States under various legal scenarios, on behalf of the German Federal Railway Authority, Berlin, 2019. 
86 cf. Chapter 4.1.1. 
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not RUs; and 150 wagon keepers that are RUs. The GCU thus has 430 signatories that have 

their own freight wagons, i.e. are wagon keepers. 

These 430 companies are the relevant group for the migration to a DAC in Europe and should 

therefore be included in the process. A complete and up-to-date list of signatories to the GCU 

can be found at https://gcubureau.org/signatories. 

It is also interesting to note that the 15 largest wagon keepers in Europe own approx. 460,000 

freight wagons, equivalent to approx. 65 percent (of the 712,265 freight wagons in Europe) or 

approx. 80 percent (of the 568,000 freight wagons registered in the GCU) of the freight wagons 

in Europe ï depending on the source.  

Fig. 38: TOP 15 wagon keepers in Europe 

 

Source: Estimates according to hwh database 

The fifteen largest wagon keepers in Europe shown in Fig. 38, with the exception of the VR 

Group, are also signatories to the GCU. However, not all of these approx. 460,000 freight 

wagons belonging to the fifteen largest wagon keepers necessarily have to be registered in 

the GCU.  

The above wagon keepers are important stakeholders because converting the fleet to a DAC 

against the will of one or more of these players would only seem to make limited sense.87   

  

 
87 VR Group may be an exception ï Finland is a special case due to its broad gauge tracks and the SA3 coupling, which has 
already been partially introduced. The same applies to RENFE Mercancias in Spain, where only one international exchange of 
freight wagons with variable gauge takes place ï again due to broad gauge tracks (cf. Chapter 4.5.1). 
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4.5.2.2 Stakeholder group: Railway undertakings 

Railway undertakings must play an active role in the migration, as they are among the greatest 

beneficiaries of a DAC. In addition, many railway undertakings have their own freight wagons 

(i.e. are also wagon keepers) and will therefore also have to pay for the procurement and 

conversion costs. RUs expect the introduction of a DAC to increase productivity and improve 

occupational safety for their operating staff. At the same time, RUs are critical of the additional 

work/costs that are expected to occur during the migration phase and, in particular, the 

additional work/costs involved in the parallel  operation of freight wagons with DACs and screw 

couplings.  

In Europe, a total of 634 railway undertakings operate freight transport services.88 These 

include large state-owned railway companies; subsidiaries of state railways operating abroad; 

private RUs operating internationally, nationally or regionally, municipal RUs, port railways, 

works railways, etc. 

With 253 RUs in freight transport, Germany has the largest share, followed by Poland (71 RUs) 

and Austria (35 RUs). 

Fig. 39: Number of RUs in freight transport in Europe per country  

 

Source: European railways, 11th edition (2016) 

This means that 634 RUs operate freight transport services in Europe. However, only 398 

signatories to the GCU are railway undertakings. In other words, only 398 RUs can also 

exchange freight wagons with each other under a standardised contract. Of the 398 RUs which 

are signatories to the GCU, 150 are RUs which also have their own freight wagons and 248 

are RUs without their own freight wagons.  

 
88 European railways, 11th edition. 
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These 398 RUs must be included in a migration to a DAC, as they will also have to adapt their 

processes and safety management systems to the DAC in the event of a migration. 

A list of RU signatories to the GCU can be found at: https://gcubureau.org/signatories. 

4.5.2.3 Stakeholder group: Shippers/rail freight forwarders/CT operators 

Shippers, rail freight forwarders and CT operators are the customers of the RUs and must 

therefore be closely involved in the preparations for migration to a DAC. Shippers with their 

own siding or works railway traffic will have to adapt their internal processes and work 

instructions to operating with a DAC.  

Rail freight customers should, in principle, support measures to increase competitiveness and 

thus make RFT more attractive. Shippers with their own siding or works railway traffic will also 

benefit from the DAC and further automation solutions, such as an automatic brake test. 

However, shippers with their own shunting operations are likely to take a critical view of parallel 

operation during the migration phase. Here, it will be necessary to assess the precise impact 

of parallel operation on their processes and whether sufficient track infrastructure is available. 

The production of a list of all rail freight customers in Europe as relevant stakeholders in a 

migration process is beyond the scope of this study. Large shippers with their own works 

railway activities, e.g. companies from the steel, chemicals, petroleum or automotive 

industries, are especially relevant candidates for integration into the migration preparations. 

Works railways are particularly common in larger chemical parks. CT operators (e.g. Metrans, 

Transfracht, Kombiverkehr, Hupac) and rail freight forwarders (e.g. VTG Rail Logistics, 

InterRail) must also be included. 

In addition to customers, the respective transport policy departments/contact persons of 

industry associations (e.g. VCI, VDA, Wirtschaftsvereinigung Stahl, ...) should also be involved 

in the migration to a DAC.  

4.5.2.4 Stakeholder group: Railway industry / DAC manufacturers 

Manufacturers of DACs must press ahead with the development and testing of digital automatic 

couplings as well as the standardisation of a coupling head and the power/data interfaces in 

the coupling. They will have to build up sufficient production capacities and supply the DAC on 

time. 

The business potential for DAC manufacturers is very high, if only because of the large number 

of units ï approx. 860,000 to 970,000 DACs ï to be delivered for the migration phase. 

Manufacturers are critical of the target price set for the DAC, which is not surprising given that 

the coupling has only just gone into development. 

Many already have reservations about investing in the development and testing of a DAC for 

two reasons. Firstly, no standard has yet been set for a DAC in Europe, and, secondly, there 

is no certainty at all that the DAC will actually be introduced throughout the EU. 

Currently, several manufacturers are expected to be interested in producing a DAC, including 

four manufacturers with current development projects for a DAC Type 4.  

CAF is developing an SA3 coupling as part of the Shift²Rail project. Wabtec Europe is 

developing a Schwab coupling, while Dellner Couplers AB and J.M. Voith SE&Co.KG. are each 

developing a Scharfenberg coupling.  
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4.5.2.5 Stakeholder group: Entity in Charge of Maintenance ECM 

The European Railway Safety Directive89 defines that for each railway vehicle there has to be 

a designated Entity in Charge of Maintenance. Keepers of railway vehicles are responsible for 

the maintenance of all their rolling stock (management function). They may carry out the tasks 

of the entity in charge of maintenance (ECM) themselves or contract them out to a third party. 

Most wagon keepers take on the ECM function for their freight wagons themselves. However, 

due to the complexity of the task, wagon keepers with only a small number of freight wagons 

sometimes outsource this function to external service providers.  

When a DAC is introduced, ECMs will be expected to produce and introduce guidelines for the 

safe maintenance and servicing of DACs. Consequently, they must be included in the migration 

process. 

4.5.2.6 Stakeholder group: Railway workshops 

Railway workshops will have to provide the necessary capacity for retrofitting freight wagons 

with a DAC, as well as offering future maintenance and servicing for a DAC plus a power/data 

line and other automation components. 

Workshops should view the introduction of a DAC in Europe positively, as it is likely to result 

in a high volume of orders. Workshops could be critical of the relatively short migration phase 

assumed for the project. For a relatively short period of just a few years, these workshops 

would have to build up additional capacity that would not be required on the same scale 

afterwards. 

There are many railway workshops for freight wagons in Europe. They range from large 

maintenance workshops, performing overhauls and conversions etc., to small servicing 

workshops with just one or two work stands. 

According to the Internet database ñRail-Assetsò90 there are currently 694 workshops for 

railway vehicles in Europe. The German Association of Freight Wagon Keepers (VPI) also has 

a database91 of workshops certified by the VPI, which carry out work in accordance with the 

VPI maintenance guidelines. This lists 188 workshops. 

4.5.2.7 Stakeholder group: Railway associations 

Railway associations have a strong interest in making rail operations more attractive and 

competitive. For this reason, the introduction of a DAC was demanded or supported by the 

associations in Germany as part of the Rail Freight Master Plan.92 Naturally, railway 

associations will represent the interests of their members in the context of a migration. These 

interest groups must be represented in any migration to the DAC, both at national and 

European level. As there are a large number of railway associations, only the stakeholders 

relevant from a German and European perspective are listed below: 

Á Associations for owners of rail freight wagons (e.g. UIP, VPI, VPI Austria); 

Á Associations for railway undertakings (e.g. UIC, CER, NEE, ERFA, VDV); 

Á Associations for the railway industry (e.g. VDB, UNIFE); 

 
89 cf. ERA: Regulation 445-2011-EU ECM 
90 cf. http://www.rail-assets.de/werkstaetten,478.html, accessed on 24.09.2019. 
91 cf. List of workshops inspected by the VPI, Date: 02.05.2019.  
92 cf. https://www.bmvi.de/SharedDocs/DE/Publikationen/StV/masterplan-schienengueterverkehr.pdf?__blob=publicationFile 
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Á Associations for CT operators/terminals (e.g. UIRR); 

Á Industry associations (e.g. VCI, VDA, Wirtschaftsvereinigung Stahl); 

Á Rail/transport associations (e.g. Allianz pro Schiene, Deutsches Verkehrsforum).  

4.5.2.8 Stakeholder Group: Regulatory authorities 

National and European regulatory authorities will play a key role in the approval of the DAC, 

including a power and data line, for freight trains. For this reason, the European Union Agency 

for Railways (ERA) and national regulatory authorities must be involved in the development, 

testing and approval processes for a DAC from an early stage. The relevant national and EU-

wide legal framework for the introduction of a DAC is described in Chapter 4.4. 

4.5.2.9 Stakeholder group: Policy 

The introduction of a DAC in European rail freight transport will not be possible without political 

support. This includes support in the European unification process for the introduction of a 

DAC as well as financial support for migration. 

To achieve the climate goals of the Paris Agreement93 of 2015, greenhouse gas emissions in 

the transport sector must also be reduced significantly. The transfer of traffic from road to rail 

should be part of the solution.  

In the political arena, too, a large number of stakeholders must be involved in the European 

unification process for the introduction of a DAC. These include national ministries of transport, 

the environment and finance as well as members of the transport committees in the national 

parliaments. At the European level, the Directorate General for Mobility and Transport (DG 

Move) and the members of the transport committees in the European Parliament must also be 

involved. 

4.5.2.10 Stakeholder Group: Railway infrastructure undertakings 

Railway infrastructure undertakings (RIU) must be closely involved in the introduction of a 

DAC. Firstly, the DAC will lead to different operating models, e.g. with longer and heavier 

trains. Secondly, the parallel operation of freight wagons with DAC and screw couplings will 

probably lead to increased demand for train formation tracks.  

RIUs will benefit from the introduction of a DAC in rail freight transport. The installation of a 

power and data line will also permit the introduction of automatic train integrity tests for freight 

trains. The continuous monitoring of train integrity is an essential requirement for the 

introduction of ETCS Level 3.94 Only from ETCS Level 3 will it be possible to dismantle track-

side installations, such as axle counters or line-clear detection systems. This will eliminate the 

expense of maintaining and operating these systems. In Germany, DB Netz alone has installed 

approx. 250,000 line-clear detection systems and axle counters,95 which have to be maintained 

and replaced from time to time. Moreover, technical failures can lead to train delays. 

The introduction of an EP-brake may also have positive effects on railway infrastructure. 

 
93 cf https://ec.europa.eu/clima/policies/international/negotiations/paris_de 
94 ETCS = European Train Control System 
95 cf. Martin, U., v. Molo, C., Ji, K., Körner, M., Podolskiy, I., (2015), Comprehensive introduction of a central buffer coupling ï 
Perspectives for railway infrastructure undertakings, Stuttgart. 
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In addition to the state railway infrastructure undertakings, there are a large number of regional 

and local RIUs, e.g. in ports. In Germany alone, 176 RIUs are currently listed with the Federal 

Rail Authority.96 

RIUs should be closely involved in the process of preparing for and implementing the migration 

to the DAC, especially the large national RIUs in Europe. In this context, it will be particularly 

important to clarify how RIUs can contribute to the costs of introducing a DAC, since they can 

generate benefits from its introduction. 

4.5.2.11 Stakeholder group: Investors 

One option for financing the migration is enabling external investors to invest in the DAC as 

well as wagon keepers. The investors would thus finance the acquisition of a DAC, and, e.g. 

rent/lease the DAC to wagon keepers. Chapter 5.5 presents a variety of possible financing 

models. Due to the current level of interest rates in Europe, investors are looking for secure, 

profitable and longer-term investment opportunities. Investors generally consider the ñrailò 

segment to be an interesting area for investments, although these have so far tended to be in 

vehicles and equipment. Investing in a vehicle component, however, would be new for 

investors (as well as for the RFT sector).  

There are various categories of investors with different risk profiles, e.g. from those who 

demand a fixed interest rate to those who assume (a proportion of) operational risks. Possible 

investor categories include banks, institutional investors, pension funds, infrastructure funds, 

sovereign wealth funds, private equity funds and industrial investors. 

4.5.2.12 Stakeholder Group: Research / Science 

Research and science can make an important contribution to the development of different 

types of DAC, incl. the most advanced solution where the decoupling process can be initiated 

remotely. In addition to technical issues, there are various operational questions that have not 

currently been answered, especially regarding parallel operation and potential operating 

models using the DAC.  

In Germany, there are many universities and research institutes with technical and operational 

expertise in rail transport. On the European level, it will be essential to ensure the involvement 

of the Shift²Rail project. Shift²Rail is also currently developing a DAC (see Chapter 4.6).   

 

  

 
96 cf. https://www.eba.bund.de/DE/Themen/Eisenbahnunternehmen/eisenbahnunternehmen_node.html, accessed on 18.02.2020 
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4.6 Overview of stakeholder plans for the introduction of a DAC 

The previous chapter presented the various stakeholders in the European rail freight sector 

that are relevant for a successful migration to the DAC. This chapter presents the plans of 

these stakeholders for the introduction of a DAC. As plans of individual stakeholders may 

evolve, please note that the following information is based on the situation in March 2020.  

There are currently a number of protagonists and activities related to the DAC. These can be 

assigned to the following stakeholder groups: wagon keepers/RUs, manufacturers, 

associations and policy. 

4.6.1 Activities for the introduction of a DAC: Wagon keepers/RUs 

The following section presents projects that are currently being undertaken by the various 

countries/actors. 

Deutsche Bahn AG  

Deutsche Bahn AG supports the introduction of a DAC in European rail freight traffic and sees 

the DAC Type 4 as a key component in the digitisation and automation of RFT. DB is 

participating in the development of a DAC Type 4 as part of the Shift²Rail project ï together 

with Trafikverket and CAF. 

Within the framework of the research project ñConstruction and Testing of Innovative Freight 

Wagonsò97 commissioned by the BMVI, DB Cargo AG and VTG AG built a demonstrator train 

in the period from 2016 to 2019. Among other things, this was used to test two different types 

of AC. Like the demonstrator train developed by SBB Cargo, these were a Scharfenberg 

coupling from Voith and a Schwab coupling from Wabtec Europe.  

As part of the ñTecExò project within its own group of companies, Deutsche Bahn AG has been 

running the innovation project ñDigital Automatic Coupling for the Automation of Rail Freight 

Transport in Europe.ò This project addresses various aspects ranging from technology and 

operation of the DAC to evaluation of use cases, migration strategies and stakeholder 

management. 

DB is involved in various sector initiatives and projects related to the DAC, including Shift²Rail, 

the Technical Innovation Circle for Rail Freight Transport and a DAC working group of the 

European railways.98  

SBB Cargo AG 

SBB Cargo AG in Switzerland is a pioneer in the development and testing of a (D)AC in rail 

freight transport. SBB Cargo is seeking to introduce a (D)AC certainly for its own national rail 

freight system, but preferably as part of an Europe-wide migration to a DAC. Its eventual aim 

is to introduce a ñsingle-handed serviceò for its shunting operations. Key technical innovations 

required for the introduction of single-handed operation include a (D)AC, an automatic brake 

test and a camera on the last wagon for shunting operations. 

SBB Cargo initiated its ñ5L Demonstratorò innovation project as early as 2016.99 The ñ5Lò 

demonstrator  is being used to test two different types of AC, which automatically couple the 

 
97 cf. http://www.innovativer-gueterwagen.de  
98 As of September 2019, the working group comprises DB, SBB Cargo, Rail Cargo Austria and Trafkverket. 
99 cf. https://blog.sbbcargo.com/28624/5l-zug-der-traum-vom-zukunfts-gueterwagen-wird-wahr/ 
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air line in addition to the mechanical connection. The two ACs are a Scharfenberg coupling 

from J.M. Voith SE&Co.KG and a Schwab coupling from Wabtec Europe.100  

After conducting many tests with both types of couplings, SBB Cargo decided to set up a pilot 

service using the Scharfenberg type AC from Voith. Technical and operational approval for 

commercial operation with the AC was granted in spring 2019. In May 2019, pilot transports 

began in national combined transports with a total of 100 freight wagons fitted with 

Scharfenberg couplings and 25 locomotives with hybrid couplings. 

 Green Cargo AB / Trafikverket AB 

Green Cargo is a Swedish freight railway and 100 percent state-owned. Trafikverket is the 

Swedish Central Office for Transport Infrastructure and thus responsible for rail infrastructure 

in Sweden. Trafikverket is a founding member of ShiftĮRail and is running the ñAutomatic 

couplingò project in IP5 at ShiftĮRail together with CAF and DB. 

Trafikverket plans to test various DAC types in Sweden. To this end, DAC manufacturers were 

invited to submit tenders for a DAC test operation in a demonstrator train. The demonstrator 

train is scheduled to run in Sweden from September 2020. The aim is to test various prototypes 

of a DAC under harsh climatic conditions, especially during the Swedish winter. Green Cargo 

will be responsible for operating the demonstrator. 

Both Green Cargo and Trafikverket are also members of the DAC working group of European 

railways.    

Rail Cargo Austria AG 

Rail Cargo Austria is a pioneer among railway undertakings in the areas of digitisation and 

automation of operating processes. The company is currently equipping its entire fleet of 

wagons with telematics devices and trialling systems for automatic brake tests. RCA has 

already conducted tests with the Scharfenberg coupling from Voith in a marshalling yard. 

Rail Cargo Austria and the ÖBB Group support the introduction of a DAC in rail freight traffic. 

To achieve this goal, RCA participates in the DAC working group of European railways and 

has also been a member of TIS since September 2019. 

Ermewa / GATX Rail Germany / VTG / WASCOSA 

Ermewa, GATX, VTG and Wascosa are owners of rail freight wagons and are separately 

represented in the Technical Innovation Circle for Rail Freight Transport. The wagon keepers 

support the development and introduction of innovations for the digitisation and automation of 

operating processes and see the DAC as a key component. 

VTG AG cooperated with DB Cargo AG in the research project ñConstruction and Testing of 

Innovative Freight Wagons", which included the testing of two types of automatic couplings 

(Scharfenberg and Schwab couplings).  

The wagon keepers mentioned above support the migration to a DAC. Wagon keepers are 

highly interested in the development of financing and cost distribution models for investment 

in a DAC. 

 
100 or Faiveley Transport Schwab AG, a subsidiary of Wabtec Europe. 
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4.6.2 Activities for the introduction of a DAC: Manufacturers 

Four manufacturers are currently developing a DAC Type 4, namely CAF, Dellner Couplers 

AB, J.M. Voith SE&Co.KG and Wabtec Europe. 

CAF 

CAF Construcciones y Auxiliar Ferrocarriles is a Spanish supplier of equipment and 

components for train systems.101 CAF is currently developing a DAC Type 4 based on an SA3 

coupling as part of the Shift²Rail project. Before development began, a variety of couplings 

were evaluated to determine their suitability for use in rail freight transport. CAF selected an 

SA3 coupling head as the basis for its development project for three reasons: the SA3ôs simple 

design, decades of operating experience with SA3 couplings in rail freight transport and the 

cost advantages estimated by CAF compared to other types of couplings. The first prototypes 

for test purposes are due to be supplied in summer 2020. 

Dellner Couplers AB 

Dellner is a Swedish coupling manufacturer and operates worldwide.102 Dellner is also 

developing prototypes of a DAC Type 4 and will participate in the planned DAC tests and 

demonstrators in Germany and Sweden. Dellner, however, is basing its DAC on the 

Scharfenberg design. 

J.M. Voith SE&Co.KG 

J.M. Voith SE&Co.KG is a German supplier of coupling systems based in Salzgitter.103 Voith 

is also developing a Scharfenberg coupling for the planned DAC tests and demonstrators in 

Germany and Sweden. The company has already tested an AC Type 2 using the Scharfenberg 

design at SBB Cargo and put it into series operation. Voithôs Scharfenberg couplings have also 

been provided for the demonstrator train as part of the BMVI research project ñConstruction 

and Testing of Innovative Freight Wagonsò. 

Wabtec Europe 

Wabtec is a component manufacturer and operates worldwide.104 In Europe, Wabtec is 

represented by Wabtec Europe. Wabtec Europe is also developing prototypes of a DAC Type 

4. However, Wabtec is basing its design on the Schwab coupling head, which ï in contrast to 

the Scharfenberg coupling or the SA3 ï is not widely used. Schwab couplings are mainly used 

in rail passenger transport in Switzerland. Like Voith, Wabtec Europe has participated in both 

SBB Cargoôs 5L demonstrator train in Switzerland and the German research project 

ñInnovative Freight Wagonò by providing an AC Type 2. 

  

 
101 cf. www.caf.net  
102 cf. www.dellner.com  
103 cf. www.voith.com  
104 cf. www.wabtec.com  
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4.6.3 Activities for the introduction of a DAC: Associations 

Activities to support the introduction of a DAC have been initiated by various railway and 

transport associations and the sector initiative Technical Innovation Circle for Rail Freight 

Transport. 

Transport and shippers' associations in Switzerland 

The introduction of a (digital) automatic coupling, an automatic brake test and the automation 

of short distance haulage is supported by a broad alliance in Switzerland. In January 2018, for 

example, Cargo Forum Schweiz and its member associations105, the Swiss Public Transport 

Association (VöV) and the Federal Office of Transport (FOT)106 signed a joint declaration of 

intent on the promotion and implementation of technical innovations in Swiss rail freight 

transport. 

Sector Initiative: Technical Innovation Circle for Rail Freight Transport TIS 

The following companies are currently participating in TIS as part of a practice group: BASF 

SE, DB Cargo AG, DB Systemtechnik GmbH, Ermewa SA, GATX Rail Germany GmbH, J.M. 

Voith SE&Co.KG, Knorr-Bremse Systeme für Schienenfahrzeuge GmbH, SBB Cargo AG, Rail 

Cargo Austria AG, VTG AG, Waggonbau Graaff GmbH, Wabtec Europe, WBN Waggonbau 

Niesky GmbH, Wascosa AG.  

TIS has set itself the goal of initiating ground-breaking technologies for innovative freight 

wagons and intelligent freight trains, and implementing them in real world applications. In 

October 2018, TIS published a position paper titled ñIntelligent Freight Trainò in which the 

participating companies advocated the Europe-wide introduction of a DAC.107 In June 2019, 

TIS presented its white paper ñIntelligent Freight Trainò to the public at the transport logistic 

trade fair in Munich.108 According to the TIS white paper, the essential components of an 

ñIntelligent Freight Trainò are a digital automatic coupling, components for the automation of 

operating processes, such as automatic brake tests, an on-board power and data management 

system and an electro-pneumatic brake. 

DAC Charter 

On 14 January 2020, Allianz pro Schiene, the International Union of Wagon Keepers (UIP), 

the Network of European Railways (NEE), the German Railway Industry Association (VDB), 

the German Association of Freight Wagon Keepers (VPI) and the Association of German 

Transport Companies (VDV) presented their DAC Charter.109 In the DAC Charter, the 

participating associations advocated the Europe-wide introduction of a DAC and offered 

interested companies/organisations the opportunity to add their own signatures. 

European railway associations 

The migration to a DAC is supported by the European Union of Wagon Keepers (UIP), one of 

the co-initiators of the DAC Charter (see above). The European railway associations 

Community of European Railways (CER), the International Union of Railways (UIC) and the 

 
105 ASTAG Swiss Commercial Vehicles Association, GS1 Switzerland Competence Centre for Efficient Value Networks, SIHK 
Swiss Chamber of Industry and Commerce, SSC Swiss Shippers' Council, SPEDLOGSWISS Association of Swiss Freight 
Forwarding and Logistics Companies and VAP Swiss Loading Industry Association. 
106 cf. Joint declaration of intent on the promotion and implementation of technical innovations in Swiss rail freight transport, 
https://www.bav.admin.ch/bav/de/home/themen-a-z/gueterverkehr-auf-der-schiene/technische-neuerungen-im-
schienengueterverkehr-.html, accessed on 30.01.2020. 
107 cf. https://tis.ag/downloads/  
108 cf. https://tis.ag/downloads/  
109 cf. e.g. https://www.vpihamburg.de/de/dak  
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sector initiative Rail Freight Forward (RFF)110 are drawing up a vision for the future of rail freight 

transport. In this context, the migration to a DAC is also being pursued as a key component 

for the digitisation and automation of rail freight transport. All the above-mentioned 

associations and sector initiatives are working to develop a business case and roadmap for 

the introduction of a DAC. They are also aiming to prepare a coordination office for EU-wide 

activities relating to the migration to a DAC. 

4.6.4 Activities for the introduction of a DAC - Policy 

The Federal Ministry of Transport and Digital Infrastructure (BMVI) has been focusing on the 

automatic central buffer coupling since 2016 and awarded the research project ñConstruction 

and Testing of Innovative Freight Wagonsò to the consortium DB Cargo AG and VTG AG for 

the period from 2016 to 2019. The project included a test of Scharfenberg and Schwab 

couplings (Type 2) in a demonstrator train. 

In addition, the DAC is one of several measures in the BMVI's Rail Freight Master Plan.111 This 

includes the ñdevelopment and implementation of a commercially viable European migration 

strategy for market segments, national and European services.ò112 In February 2020, the BMVI 

also published a call for tenders for DAC tests and a DAC demonstrator.113 

In Switzerland, the Federal Office of Transport (BAV), together with various associations, 

signed a joint declaration of intent on the promotion and implementation of technical 

innovations in Swiss rail freight transport.114 In addition, the BAV is promoting the introduction 

of an AC Type 2 and an automatic brake test at SBB Cargo AG. 

 

  

 
110 cf. https://www.railfreightforward.eu, with 18 members, e.g. Deutsche Bahn, Rail Cargo Group, SNCF Logistics, Green Cargo, 
and others, in February 2020. The project is due to be awarded in June 2020. 
111 cf. BMVI, Rail Freight Master Plan, June 2017, p. 23; https://www.bmvi.de/SharedDocs/DE/Publikationen/StV/masterplan-
schienengueterverkehr.pdf?__blob=publicationFile 
112 cf. BMVI, Rail Freight Master Plan, June 2017, p. 23; https://www.bmvi.de/SharedDocs/DE/Publikationen/StV/masterplan-
schienengueterverkehr.pdf?__blob=publicationFile 
113 cf. https://www.evergabe-online.de/tenderdocuments.html?1d=312399, accessed on 22.02.2020, Pilot project for the 
demonstration, testing and approval of the digital automatic coupling for rail freight traffic. 
114 cf. Joint declaration of intent on the promotion and implementation of technical innovations in Swiss rail freight transport, 
https://www.bav.admin.ch/bav/de/home/themen-a-z/gueterverkehr-auf-der-schiene/technische-neuerungen-im-
schienengueterverkehr-.html, accessed on 30.01.2020. 
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4.7 Identification of standards for electrical power and data supply 

As part of this study, a concept for the future electrical power supply and data connections of 

freight trains was developed. For further information, please refer to the technical report by 

Owita GmbH on the work package ñIdentification of standards for electrical power and data 

supplyò. The main findings of this technical report are summarised below. 

The DAC, combined with an electrical power and communication system (EaC), provides the 

foundation for the automation of further functions in RFT. The core functions to be implemented 

are: coupling and decoupling, train setup, the (EP) brake, automatic brake test, train integrity 

testing, provision of interfaces to telematics systems, integration sensors and actuators (e.g. 

tail light), and the connection of wagons to mobile radio systems (e.g. 5G), for the future 

expansion of communication functionalities.  

Systems and electronics must be developed to facilitate the introduction of these functions to 

the RFT sector. These functions and systems must themselves be standardised. This includes 

the selection and standardisation of technologies, communication protocols and information 

exchanges for interoperability ï including the design and standardisation of the electrical power 

and communication systems, which provide the foundation for all other functions. The trainôs 

overall electronic system with its automation functions is conceived as a distributed electronic 

system. For the individual functions, there are central components on the lead locomotive 

(master components) and decentralised components in the individual wagons (slave 

components).  

As a limiting condition for the migration, it was decided that the freight train should retain its 

indirect pneumatic brake with the main brake pipe as a fallback, and that the system design 

should be for a train length of 750 m with a maximum of 50 wagons. Longer trains are then 

formed by segments which must have a (supplementary) communication channel. The 

performance parameters for the electrical power and communication systems are geared to 

the basic core functions. Thus, these are based on minimum requirements with low reserves 

and a basic concept is derived for the electrical power and communication systems. For the 

locomotives, the system should be designed, as far as possible, as an ñadd onò.  

The performance analysis used for designing the power supply system showed that each 

wagon should be provided with min. 30 W of electrical power. In the train, it is helpful to specify 

the power in relation to the length of the wagons (2.5 W per metre of wagon length). The power 

supply concept is based on a line running through the train, fed by the locomotive at a voltage 

of 110 VDC.  Battery-buffered converters are installed in the wagons, which provide 24 VDC and 

limit power consumption. A rough pre-specification was developed to provide a basis for 

tackling the implementation. Using a power cable with a 16 mm² cable cross-section and 

contact resistances of 2 x 7 mÝ per coupling interface, the system can supply a minimum 

power output of 2.7 W per metre of wagon length. This is sufficient for the requirements. The 

power supply is 110 VDC with a typical rated current of 25 A. The battery capacity should be 65 

Wh to 100 Wh depending on the length of the wagon. This permits two hours of emergency 

operation (without power supply) if the battery is approx. 30 percent charged. The protection 

concept (no grounding, voltage-free coupling/decoupling) requires centralised energy 

management in addition to short-circuit detection. 

A net data rate (information rate) of approx. 30 kbit/s is required for the communication system. 

In addition, there is a technology-dependent overhead, which is a factor of 3 to 20. Latency 

times should be less than one second. Modern railway communication systems from 
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passenger transport cannot be used without modifications. However, many basic technologies 

from other industries are well-suited to the task. Promising and possible technologies include: 

a powerline solution that does not require additional data lines, a short-range radio solution 

(WiFi) at the coupling point that does not require an electrical contact, and a two-wire 

communication line (CAN, Ethernet) that creates an separate, additional electrical contact 

point in the DAC. However, no reliable decisions can be made regarding systems and 

technology without measurements on the train (availability). Three systems (powerline, radio, 

CAN) will therefore be evaluated during the test phase.  

Rough preliminary specifications were developed to facilitate testing. The approach is based 

on the creation of a transparent communication system throughout the train (train bus), offering 

service access points (SAPs) as interfaces to the automation functions. This encapsulates the 

train bus communication as a system. If the SAPs are defined as the interfaces, the automation 

functions have transparent access and the functions and their protocols can be developed 

almost independently. For the train bus, proposals were developed for logical internal 

addressing, agreements on alignment and the basic approaches for the states of the train bus 

system. The design approaches are shown for the Powerline PLUS system with a latency of 

approx. 600 ms and a bit rate > 1 Mbit/s, for a system based on CAN-FD  with a latency of 

approx. 200 ms at a bit rate of approx. 800 kBit/s, and for a WiFi based radio system in the 2.4 

GHz ISM band with a latency of approx. 800 ms at a bit rate of approx. 10 Mbit/s. This creates 

communication nodes in each wagon, which are initialised via the train setup and permit the 

individual technologies to exchange data in the train as well as providing SAPs for automation 

functions in the freight train. The development prototype of the Powerline PLUS system is 

largely completed, the other systems still have to be implemented.  

For the current development and decision-making process, the electrical interface in the DAC 

will therefore have electrical contact points for the power line as well as a two-wire data line. It 

must also be possible to integrate antennas. In this case, the electrical wire pairs are coupled, 

as no grounding is provided in the freight train. In addition to these contact points, the coupling 

should also be provided with a line for an electro-pneumatic brake system, which integrates 

individual EP valves into the freight wagons and allows indirect control of the brake via the EP 

line available in the locomotives.  

Standardisation of both the electrical power and communication systems is only possible in a 

meaningful way once a technology has been defined and its main features validated through 

testing. Key parameters for the definition of a system and technologies are high system 

availability (these quantified requirements still have to be defined) and the availability of 

technologies to enable system development to begin immediately. The selection criteria and 

decision-making processes must be clearly defined. It is recommended that a (European) 

technology working group be set up to supervise the process, enable decisions to be made 

and then, if possible, drive the final development of systems and protocols through to 

standardisation and approval. Taking this into account, a three-step approach is proposed to 

define a standard for the electrical power and communication system:  

Á Firstly, the DAC and an electrical power and communication system must be selected. 

This decision should also be based on measurements in a test train and take place as 

part of a coordinated decision-making process.  

Á A demonstrator train can then be set up for the selected overall system. This will be 

equipped with a DAC type and functional models integrated for the electrical power and 

communication systems, based on industrially available hardware that incorporates the 
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necessary implementations. The result is effectively a demonstrator and development 

system for the electrical power and communication systems (and the DAC). The 

objectives of the demonstrator train are firstly to obtain approval for the DAC and, 

secondly, the development and initial validation of design standards for the electrical 

power and communication systems. This can be achieved with parallel support from 

the technology working groups.  

Á In the third phase, the special components for the electrical power and communication 

systems will be developed by various hardware and software manufacturers ï 

optimised for rail freight transport and ready for approval. These systems should be 

integrated and tested in a European demonstrator train to ensure interoperability. The 

standards will be fixed and validated, and the electrical power and communication 

systems can be approved. Parallel to the draft standard, the automation functions in 

the train can be developed, tested and, once the standard is available, approved. 

The standardisation, development and implementation phases will require intensive 

(European) support with adequate human and financial resources.  An interdisciplinary project 

team of experts (railways, industry, universities) could accelerate this process, help to ensure 

successful development of the system, and thus lay the foundations for strengthening rail 

freight transport throughout Europe. 
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5. Migration concept 

The migration to a DAC in the European rail freight sector demands a great many activities in 

various areas, e.g. technology, operations, finance, organisation, regulation and 

communication.  

Framework conditions, under which a DAC migration can take place (see Chapter 5.1), must 

be defined for all these aspects. 

The migration to a DAC first requires agreement on a standard coupling for Europe. Chapter 

5.2 describes how a sector-wide agreement process can be designed for a standard DAC. 

Even though the EU-wide migration is being planned with a DAC Type 4, it is already 

necessary to consider design options for ensuring upward compatibility of this DAC Type 4 

with a future DAC Type 5, i.e. a digital automatic coupling with a remote-controlled decoupling 

process. It is important to ensure that during/after any change to a DAC Type 5 operation, it 

will still be possible to use the DAC Type 4 and that this will merely require upgrades, such as 

a control option for an automated decoupling function (see Chapter 5.3). 

One of the greatest challenges of a migration to a DAC is the implementation of a system for 

the parallel operation of freight wagons with DAC and screw couplings and the production of a 

detailed, coordinated migration plan for the entire EU. The feasibility of operating the two 

coupling systems in parallel for different application areas, such as in sidings at the shipper, in 

marshalling yards and in the network, must be examined (see Chapter 5.4). ). In particular, the 

feasibility of parallel operation in train formation facilities was simulated by TU Dresden within 

the scope of the present study (see Chapter 5.4.2). 

Wherever possible, the migration to the DAC should aim to conserve the balance sheets, 

capital and liquidity requirements of wagon keepers as investors in the DAC system. The level 

of investment required is a challenge for the sector. This is due, in particular, to the long 

payback periods for investments in a DAC ï the benefits only increase rapidly after a large 

proportion of wagons have been converted (see Chapter 4.1.12). This creates an advantage 

for ñlate moversò and incentivises wagon keepers to wait as long as possible before investing 

in a DAC. To counter this problem, Chapter 5.5 develops financing models which aim to 

transform the ñlate mover advantageò into an ñearly mover advantageò. 

To plan, control and implement the various tasks that are essential for the migration to a DAC, 

it will be necessary to develop an organisational model for the roll-out. This model will develop 

the key measures and produce proposals for the organisational design (see Chapter 5.6). 

Finally, Chapter 5.7 presents an analysis of the regulatory implications and requirements of a 

DAC migration.   
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5.1 Framework conditions for establishing a DAC 

Various framework conditions must be introduced and met to enable the European rail freight 

transportation system to migrate to a DAC. These conditions can be divided into the following 

categories: 

Á Technical conditions; 

Á Operating conditions; 

Á Regulatory conditions; 

Á Financial conditions; 

Á Organisational conditions. 

The principal framework conditions that must be established are described below. 

5.1.1 Technical conditions 

The first important technical conditions relate to the provision of technological security for 

investors in a DAC. Migration cannot take place until a uniform, EU-wide technical standard 

for the DAC has been established. The technical standards for a DAC should be laid down in 

a European Standard and the DAC certified as an interoperability constituent. For this purpose, 

amendments must be made to TSI WAG, TSI LOC&PAS and TSI OPE (see Chapter 5.2.4). 

Firstly, the standard should refer to the exact definitions of the mechanical, pneumatic and 

electrical interfaces in the coupling head of the DAC. In addition, it should standardise the 

interfaces between the DAC components. A standard for uniform electrical power and data 

transmission must also be developed.  

Wherever possible, these TSI revisions should not require existing freight wagons to be re-

certified after the installation of a DAC, incl. its power and data lines, as this would incur 

considerable time and financial costs. 

In existing locomotives, the power/data line connection should not be implemented via the 

locomotive's control systems, as this could lead to increased costs if the locomotives have to 

be re-certified.  

Standardised communication protocols must be developed for intra-train communication via 

the data bus. This is to ensure that automation components from different suppliers can 

transmit information to a terminal (e.g. a tablet in the driver's cab) in the same way. For 

example, several products from different manufacturers are available for automatic brake tests. 

Currently, it is not possible to perform this test in a train if the freight wagons are fitted with 

different brake testing devices. This would restrict the required interoperability of ñintelligentò 

freight wagons. 

Even though this study examines the migration strategy for a DAC Type 4 (with manual 

uncoupling function), the possible introduction of a DAC Type 5 in the future ï i.e. a DAC with 

remote-controlled decoupling ï should also be considered. For this reason, the DAC Type 4 

should be prepared for a future upgrade to a Type 5 coupling as far as possible. Thus, during 

the development phase, manufacturers should already be considering which additional 

components will be required in future and reserve corresponding installation space for them in 

existing DACs. 

The future standard selected for a DAC must not be a proprietary solution that can be supplied 

by only one manufacturer due to existing patents etc. This is unimaginable, if only for reasons 
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of production capacity, and would consolidate a monopoly position for that manufacturer for 

years to come. It must therefore be ensured that all interested manufacturers are able to supply 

products in accordance with the defined DAC standard.  

5.1.2 Operating conditions 

The changeover from the screw coupling to a DAC will lead to changes in work processes 

during coupling and decoupling. The effects of these process changes on safety levels must 

be identified, studied and documented (risk analyses). Finally, the new work processes must 

be recorded in the safety management systems of the RUs. 

Standardised European regulations should be produced and introduced as far as possible to 

prevent every RU throughout the EU from introducing its own operating regulations for handling 

freight trains with a DAC.  

Naturally, operating personnel, such as locomotive drivers, shunters and wagon masters, must 

also be trained for the introduction of a DAC in rail freight transport. In addition, maintenance 

and service requirements must be specified and new maintenance processes introduced. 

Workshop personnel will also have to receive training in these tasks. 

Instructions for retrofitting the various types of legacy freight wagons must be developed in 

preparation for retrofitting them with a DAC. Furthermore, workshop concepts and EU-wide 

workshop capacity planning must be developed coherently alongside the DAC migration 

concept. 

One of the key operating conditions, however, is ensuring that rail services continue to run 

smoothly during the migration phase when the DAC and screw coupling are operating in 

parallel. Preparations must be made to ensure that freight wagons with DACs and screw 

couplings can be used together in the same train. Capacity planning and the seamless 

provision of coupler wagons and coupling adapters will be essential. Wherever possible, the 

migration phase should be controlled in such a way that most freight trains operate as 

ñseparate trafficò ï i.e. freight trains with DACs and freight trains with screw couplings. 

Nevertheless, for cost reasons alone, parallel operation will be unavoidable. Strategic planning 

for possible changes to the train formation network should therefore be drawn up at an early 

stage, especially for wagon groups and single wagon traffic that run via marshalling yards. For 

example, in the early phase of the migration when only a small number of wagons have been 

converted, it is conceivable that some marshalling yards may be closed to DAC freight wagons. 

Likewise, in the final phase of the migration, some marshalling yards may not be open to 

wagons with screw couplings. 

Planning and implementing the simplest possible concept for the parallel operation of freight 

wagons with DAC and screw couplings is certainly one of the greatest challenges to be 

overcome in the migration to a DAC in Europe. The conversion of wagon fleets will therefore 

require careful planning and coordination between European stakeholders. Here, it will be 

particularly important to take account of the requirements of rail freight customers. For 

example, it seems unthinkable that customers would have to allow parallel operation in their 

sidings throughout the migration process. For capacity reasons alone, this will only be possible 

to a limited extent. For these reasons, the DAC migration should be based principally on 

customer requirements, transport goods and transport routes. 
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5.1.3 Financial conditions 

One of the key financial conditions for a migration to the DAC is that all wagon keepers are 

given access to the DAC at comparable and acceptable financing conditions. Financing 

models that conserve balance sheets, capital and liquidity must be provided.  

Furthermore, it must be ensured that DAC funding and billing are adequate for the project. It 

is well understood that, while investment costs have an immediate impact on the balance 

sheet, wagon keepers only feel the full benefits of the DAC after a certain level of penetration 

has been achieved. Staggering the costs of a DAC charged to wagon keepers via a DAC asset 

management company ï low payments at the beginning of the migration that increase steadily 

until the migration has been completed ï is one interesting option. Chapter 5.5 presents a 

detailed analysis of this model.   

5.1.4 Organisational conditions 

Organisational conditions must also be taken into account. Firstly, it is important to ensure the 

broad involvement of relevant interest groups, e.g. associations of railway and railway 

infrastructure undertakings, wagon keepers, shippers, the railway industry etc., in the 

preparations for a DAC migration. 

In addition, various committees/organisations must be developed or commissioned in order to: 

Á Develop technical and operating standards for a DAC and electrical power/data 

management systems;  

Á Draw up a roll-out plan ï agreed between all stakeholders ï in order to facilitate 

capacity planning for DAC production and the retrofitting of freight wagons; 

Á Implement financing and billing solutions for the DAC and 

Á ensure EU-wide coordination of all preparations for the migration to a DAC. 

5.1.5 Regulatory conditions 

The authors of this study consider three regulatory conditions to be necessary for a successful 

migration to a DAC: 

Á The DAC should be certified as an interoperability constituent. This will require 

amendments to be made to TSI WAG, TSI LOC&PAS and TSI OPE. 

Á In order to offer investment security to all investors in a DAC, and to prevent a migration 

to a DAC slowing to a standstill halfway through the process, a period of time for the 

retrofitting of existing freight wagons with DACs should be stated. In the case of existing 

wagons, any conversion should be limited to the wagons registered in the GCU. 

Consequently, this would not include freight wagons that, for example, only run in 

limited traffic and are not exchanged between different railway undertakings. Any 

further exemptions, necessary for existing freight wagons that cannot be equipped with 

a DAC for specific reasons, can or must also be defined. Reasons for this could be, 

e.g. a lack of installation space for a DAC, or the fact that the freight wagon is due to 

be taken out of service shortly after the retrofitting deadline.115    

 
115 Clearly, these exceptions would need to be carefully defined. For example, it would be necessary to specify the period of time 
during which a retrofittable freight wagon may still be used without a DAC after the cut-off date (e.g. if the freight wagon is due to 
be scrapped within 12 months). 
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Á A migration to the DAC will require a significant investment and cannot be financed by 

the RFT sector alone. The authors therefore consider it necessary to have a funding 

programme from the EU planned and implemented for a migration. For this, it would be 

necessary to precisely specify the logic behind and scope of this support, in order to 

provide all market participants with a transparent basis for their individual investment 

decisions.  
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5.2 Sector-wide process for agreement of a standard DAC 

Since 2018/2019, four coupling manufacturers CAF, Dellner Couplers, J.M. Voith and Wabtec 

Europe have been developing prototypes of a DAC Type 4. However, the four manufacturers 

base these DACs on different types of automatic coupling ï both in terms of the coupling head 

and other components, such as shock absorber elements. 

While CAF is developing a DAC based on an SA3 coupling as part of Shift²Rail, Wabtec Europe 

has decided to develop a DAC based on a Schwab coupling head. Dellner Couplers and J.M. 

Voith, in contrast, are basing their prototype designs on a Scharfenberg coupler. 

When selecting the coupling head, all four manufacturers made conscious decisions based on 

the advantages and disadvantages of these coupling designs ï but came to different 

conclusions.  

Fig. 40: Coupling types: Scharfenberg, Schwab and SA3 

Source: Photos of Scharfenberg and Schwab coupler DB Cargo/VTG project IFW / Photo of SA3 coupling Wikipedia 

In fact, all the coupling types shown above have significant advantages but also disadvantages 

(see Chapter 4.2). For this reason, it is not appropriate to select a standard DAC based on a 

theoretical evaluation. Rather, the coupling types shown above should be evaluated for their 

suitability and practicality in daily rail freight traffic. 

The aim of this sector-wide process should be to agree and produce a standardised DAC, 

including all the relevant interfaces, throughout the EU, and to adapt TSI WAG, TSI LOC&PAS 

and TSI OPE within a regulatory framework to the extent that a DAC can be certified as an 

interoperability constituent by the Notified Bodies. 

To do this, the following key steps are required: 

Á Identification of principles for the development, testing and evaluation of a DAC; 

Á Completion of DAC tests/demonstrators and selection of DAC type; 

Á Standardisation of DAC;  

Á Certification of the DAC as an interoperability constituent. 

The following section discusses the above points in detail. 
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5.2.1 Identification of principles for the development, testing and evaluation of a 

DAC 

In the first step, the functional requirements for a DAC including the power/data line must be 

defined. This should adopt a sector-wide approach to take account of the (possibly) different 

perspectives of RUs and wagon keepers. In addition, the feasibility and, above all, impact of 

these functional requirements on the costs of a DAC should be discussed with the railway 

industry. 

In the second step, a test concept must be developed for the DAC in order to provide the basis 

for extensive testing of the various DAC prototypes. In the final step, evaluation criteria must 

be developed and used in combination with the results of the DAC tests to select a future 

standard DAC. 

It is essential that all three of these steps are developed in an open and transparent process 

that is objective and comprehensible to all sector participants. 

Within the framework of this study, a DAC Dialogue Platform was initiated in summer 2019, in 

which wagon keepers, railway undertakings and manufacturers of coupling systems are 

represented.116 The DAC Dialogue Platform is open to all interested stakeholders involved in 

the process.   

Working groups first developed and agreed the functional requirements relating to mechanics, 

pneumatics, power and data for a DAC. The functional requirements are essentially structured 

according to the following chapters: 

Á General requirements for a DAC; 

Á Mechanical part; 

Á Energy absorption system; 

Á Pneumatic connections; 

Á Electrical connections; 

Á Safety. 

An agreed version of the functional requirements for a DAC (DAC specifications) is available 

and can be found in Annex 3. 

Likewise, the working groups of the DAC Dialogue Platform developed a test concept for the 

DAC prototypes comprising the following main categories: 

Á Coupling tests with different track radii, speeds and loading conditions; 

Á Run-through tests with different track geometries, in pushed and pulled operation, and 

under different loading conditions; 

Á Coupling under different climatic conditions (climate chamber tests); 

Á Overrun impact tests on the marshalling hump at different speeds and under various 

loading conditions; 

 
116 As of February 2020, the following companies are participants in the DAC Dialogue Platform: Amsted Rail, Axtone, CAF, DB 
Cargo, DB Systemtechnik, Deutsche Bahn, Dellner Couplers, Ermewa, GATX Rail Germany, Knorr-Bremse Systeme für 
Schienenfahrzeuge, LAF Les Appareils Ferroviaires, Miner Enterprises, MSV Metal Studenko, ÖBB Technische Services, Oleo 
International, Rail Cargo Austria, SBB Cargo, Siemens Mobility, Trafikverket, J.M. Voith, VTG, Wabtec Europe, Wascosa,  
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Á Measurement of the response speeds during braking and release; 

Á Electrical power/data transmission with voltage drop, contact resistances, data rate, 

latency times etc.;  

Á Final inspection. 

The test concept agreed within the DAC industry platform can be seen in Annex 3. 

The DAC industry platform is continuing to develop evaluation criteria for the selection of a 

DAC. It is important that an agreed version of these is available before the DAC tests begin, 

so that all parties involved are informed about the criteria being used to select a standard DAC. 

The evaluation criteria are divided into the following categories: 

Á Technology: To what extent does the DAC prototype meet the technical requirements 

set out in the functional specifications? 

Á Operation: To what extent does the DAC prototype meet the operating requirements 

set out in the functional specifications? 

Á Maintenance/spare parts: What conclusions can be drawn from the DAC tests and DAC 

demonstrator regarding the wearing properties of the DAC prototypes and their 

components? 

Á Life cycle costs: How complex is the production of a DAC, and what are the target costs 

assuming series production with high volumes? 

Á Legal and procurement criteria: Do the manufacturers hold industrial property rights for 

the DAC types? Would such patents, if any, prevent the DAC being freely available 

from other manufacturers? 

In the above evaluation criteria, there will be K.O. criteria, especially in the technical and 

operating categories, which simply must be fulfilled in order to be selected as standard DAC. 

For other criteria, for example, it may be useful to work with levels of goal achievement. In 

particular, the weighting between the different categories must be precisely defined. 

The overall aim is to select a DAC that reliably meets all the technical and operating 

requirements of the RUs and wagon keepers, generates the lowest possible life cycle costs 

and is available on the world market as freely as possible. 

5.2.2 Completion of DAC tests/demonstrators and selection of DAC type 

DAC tests and DAC demonstrators are essential for ensuring that the various DAC prototypes 

comply with the functional requirements and testing the availability and reliability of the DAC. 

In February 2020, the BMVI invited tenders for contract research with the aim of conducting 

these DAC tests in 2020/2021, followed by the assembly and testing of a DAC demonstrator 

train in a pilot operation in 2021/2022. 

These tests are based on the DAC test concept already described in Chapter 5.2.1. The DAC 

test results are to be used as the basis for selecting the DAC type that best meets the specified 

requirements. The research project then intends to equip a complete DAC demonstrator train 

with this type of DAC and test it nationally and internationally. It also envisages using this 

demonstrator train for certification purposes. 

Almost simultaneously ï from September 2020 to April 2021 ï a DAC test using four different 

DAC prototypes will be carried out in Sweden by Trafikverket and Green Cargo. 
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Once the DAC tests in the BMVI project have been completed and the winter operation results 

for the DAC in Sweden become available, the tests and measurement results will be evaluated 

using the objective evaluation criteria from early 2021. The DAC with the best evaluation 

results should be selected by a European decision-making body (not yet established). The 

various European railway associations and the ERA must certainly be included in this process. 

In any case, in 2021 and 2022, the demonstrator trains should be used to gather detailed 

testing data on the DAC technology, to practice new operating processes and for certification 

purposes. The aim should be to establish an approved DAC as the future standard DAC for 

Europe by the end of 2022. 

5.2.3 Standardisation of DAC 

As described in the previous chapter, the DAC which is best suited for rail freight traffic, 

according to the test results, should be selected in 2021. The selected DAC type will then have 

to be standardised. The aim is to introduce a European Standard (EN), which enables the 

mechanical, pneumatic, electrical and data connections of every DAC to be coupled with each 

other, independently of the manufacturer. This will require the interfaces in the coupling head 

to be precisely defined, especially the power and data interfaces (e.g. number and layout of 

the contacts, connector design, etc.). 

Here, the interface between the automatic coupling and the freight wagon body, already 

described in UIC 530-1117, should also be included. 

The standard must also specify the extent to which a DAC should be modular in design and 

which DAC components require the development of standardised interfaces in order to 

guarantee the availability of spare parts without being dependent on a specific manufacturer.  

Another important task is to define various types of compressive-tensile equipment for the 

DAC. Various categories of side buffers are already available to provide protection against 

different levels of compressive forces. These differ, for example, in their stroke length and 

impact absorption capacities. For the compressive-tensile equipment of a DAC, a precise 

definition of the impact and tensile forces for the buffer springs is also required. To this end, a 

study of the tensile dynamic parameters of a DAC is currently underway in the sector.118 The 

impact and tensile forces acting on the DAC are determined based on simulations of various 

train configurations (length, train weights, braking equipment) and different operating scenarios 

(e.g. train approach, emergency braking, service braking, etc.). This will allow precise 

specifications to be issued for the design of the DACôs shock absorber elements.  

It is important that the above-mentioned work on standardisation of the DAC takes place at the 

European level with the aim of establishing an EN standard. To this end, it is proposed that the 

European railway associations establish a working group of this kind.119 

5.2.4 Certification of the DAC as an interoperability constituent 

As already described in Chapter 4.4 on national and EU-wide legal frameworks, the DAC can 

be approved in various ways. It is recommended to aim for certification of a DAC as an 

interoperability constituent. This will require amendments to TSI. In terms of timing, this variant 

is dependent on TSIôs five-yearly revision intervals. A second possibility is to seek separate 

 
117 cf. Chapter 3.2. 
118 The Department of Track and Railway Operations at TU Berlin is conducting this study on behalf of the Technical Innovation 
Circle for Rail Freight Transport from Feb. 2020 to Aug. 2020. 
119 In March 2020, an official proposal was submitted for a standardisation project in the working group CEN/TC 256/SC 2 
ñRolling Stock Productsò. 
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approval of the wagon as an innovative solution. This could take place independently of the 

revision cycles, but would be very costly, as such an approval would have to be obtained for 

each individual wagon type. 

The following section presents an ideal timetable for the certification of a DAC as an 

interoperability constituent. It is imperative that the process described below is completed by 

the end of 2022, as the next revision of TSI after this date is in 2027. 

Á First, a ñtopical working groupò on DAC, including all representative bodies120, should 

be established at the ERA. If possible, this should be done in spring 2020. 

Á This topical working group should develop a ñtechnical opinionò 121 that defines the 

functional requirements, technical functions/mechanisms and technical parameters for 

the DAC. 

Á This ñtechnical opinionò should be submitted to and accepted by the EU Commission 

by autumn 2021. 

Á The technical opinion can then be presented to the Railway and Interoperability and 

Safety Committee (RISC) and should be agreed there by mid-2022. 

Á Only then will the European Council and the European Parliament be formally involved. 

If their conclusions are positive, the amended TSI can formally enter into force in Q3 of 

2022. 

Á Notified Bodies could then certify the DAC as an interoperability constituent. Only after 

this has been done ï possibly towards the end of 2022 ï can concrete approval 

procedures be started. 

 

  

 
120 A list of representative bodies at the ERA can be found at the following link: https://www.era.europa.eu/agency/stakeholder-
relations/representative-bodies_en 
121 ñan Opinion is a non-binding formal act of the Agency, providing specialised expertise on railway issues to decision-makers, 
be it the European Commission, National Regulatory Bodies or Member States. The Agencyôs Opinions do not represent the view 
of any other EU institution or body and are without prejudice to the decision-making processes foreseen by the applicable EU 
legislationò, vgl. https://www.era.europa.eu/library/opinions-and-technical-advices_en. 
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5.3 Ensuring upward/downward compatibility of the DAC 

This study also examined the aspect of compatibility between different DAC types with regard 

to the automation level of the coupling (Types 1 to 5). The key findings are presented below. 

For a more detailed discussion of this subject, please refer to the technical report ñDAC 

Technologyò produced by TU Berlin.  

In principle, mixed operation of different (D)AC types should be avoided with regard to the 

automation level. For this reason, the objective should be a uniform level of automation 

throughout the EU (DAC Type 4).  

To ensure compatibility between different (D)AC types, and to minimise any additional 

measures required for mixed operation, the following four technical conditions are essential: 

Á Downwards compatibility: Every DAC must be able to function as an AC Type 2 as a 

fallback. This primarily means ensuring there are mechanical and pneumatic 

connections that can be operated manually from the outside. The coupling status 

should be visible from the outside. 

Á Independence of the (physical) interfaces: The interfaces must be defined 

independently and be generally applicable to all types and for all connections relevant 

to the AC. This applies to the mechanical and pneumatic connections for the Type 2, 

the additional power connection for the Type 3, the additional data connection for Type 

4 and higher, and the protocol for Type 5. 

Á Standardisation and high quality standards: It is important to avoid incompatibilities 

between manufacturers and the same DAC types. Standardisation, based on high 

quality standards, is therefore absolutely essential ï all mechanical, pneumatic, 

electrical and data connections must comply with uniform standards. 

Á Software dependencies: In the case of planned software updates, the first question to 

be answered is for what reason an update is to take place and whether it is really 

required before it is installed. If it is necessary, higher software versions must be 

downwardly compatible.  

In addition to the technical conditions, it is also vital to examine the handling of mixed traffic 

from an operational point of view and to define appropriate standards: 

Á Information flow: The locomotive driver must know whether the train is in mixed 

operation or not. This requires appropriate documentation of the coupling types in the 

train, e.g. in the wagon list or indicated on the wagon. In addition, the continuity of the 

electrical power and data lines must be displayed at all times by means of status 

information in the driver's cab. 

Á Uniform regulations for mixed operation: The procedures for mixed operation, and also 

for fallback levels, must be clearly laid down in the regulations. If remedial action is 

required, the applicable measures depend on the degree of automation of the wagon 

concerned (e.g. EP brake, end of train) and the operating environment (e.g. brake test, 

wagon technical inspection). 
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Type 5 ï Readiness 

The digital automatic coupling system for rail freight traffic is based on the principle of a basic 

coupling, which can be upgraded in stages with five levels of automation (Type 1 to Type 5).  

Several requirements must be met to ensure upward compatibility of a DAC Type 4 with a DAC 

Type 5 that incorporates remote decoupling. First, the installation space and interfaces 

required for the actuators (for remote decoupling) must be provided. It is also essential to 

guarantee the electrical power or compressed air supply to the actuators. This is a particular 

challenge in the case of parked freight wagons, since these ï unlike locomotives ï are often 

stand for long periods of time without an external supply. The development of routines/rights 

for (de)coupling authorisation is another key requirement. Remote access procedures by the 

infrastructure must be clarified and, ultimately, the cybersecurity requirements must be 

defined. 
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5.4 Parallel operation of screw coupling ï DAC and migration planning 

All the DAC prototypes currently under development are incompatible with a screw coupling. 

However, compatibility is not necessarily a desirable objective, as this would increase both the 

cost and weight of the DAC. In addition, compatibility between the two types of coupling would 

significantly reduce the pressure for migration to take place rapidly ï raising the fear that, for 

example, only future new-build freight wagons would be equipped with a DAC. At the current 

rate of approx. 8,000 new freight wagons being built and entering service each year, this would 

extend the migration period to approx. 54 to 60 years.122 As a result, the benefits of the DAC 

for rail freight transport would not be achieved for a long time.  

Due to the incompatibility of the screw coupling and DAC coupling designs, only the following 

three possibilities are available for running freight trains during the migration period: 

1. Run ñseparate trafficò trains (trains with screw couplings vs. trains with DAC) 

2. Run ñmixed trafficò trains (with screw couplings and DACs) 

3. Mixed variants of 1) and 2). 

Clearly, in the case of ñseparate trafficò, there might be under-utilisation of these trains using 

just one type of coupling ï depending on the type of transport ï and costs could increase as a 

consequence. This is due both to additional traction costs and the lower capacity utilisation of 

the infrastructure (tracks, train formation facilities). 

Parallel operation of freight wagons with screw couplings and DACs in one train can be 

achieved by using ñbuffer wagonsò equipped with a hybrid coupling or a ñcoupling adapterò 

fitted manually on the DAC. Additional costs must therefore be expected with all ñmixed trafficò 

trains ï for the provision of coupler wagons or adapters, and for the insertion of the coupler 

wagons into the train or the fitting of adapters.  

Parallel operation during the migration phase, no matter how it is organised, will lead to 

additional costs for the RUs, but also for shippers in their sidings. 

It is important to differentiate between parallel operation in sidings123, in train formation facilities 

(TFF), and the effects of parallel operation on the train formation networks of railway 

undertakings. 

The following section describes the challenges of parallel operation in sidings, in TFFs and in 

the train formation network of an RU. It focuses on analysing parallel operation in TFFs (see 

Chapter 5.4.3). The analyses show that the additional costs resulting from parallel operation 

during the migration phase should be kept as low as possible. Thus, migration planning that is 

coordinated and structured throughout the EU has a key role to play (see Chapter 5.4.4). 

  

 
122 cf. calculations in Chapter 4.1.6. 
123 In this context, this also includes ports, terminals, etc. 
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5.4.1 Parallel operation in sidings 

Once the migration to the DAC has been fully implemented, shippers with their own works 

shunting activities (e.g. shippers with their own works railways) will be among the major 

beneficiaries of simplified train formation and breaking up processes in their own works areas. 

During the migration phase, however, it can be assumed that shippers will be provided with 

freight wagons that use a DAC in addition to those with screw couplings. Various aspects must 

be considered and examined in advance by the shipper and RU in cooperation: 

Á Shippers with their own siding activities must also equip their shunting locos with hybrid 

couplings (or alternatively commission RUs that can provide such resources) so they 

can work with freight wagons fitted with screw couplings and DACs respectively. 

Á Shippers with their own siding activities must align their railway operating processes 

and management systems to the operation of freight wagons with a DAC, as well as to 

parallel operation during the migration phase. 

Á In particular, they must take account of safety aspects, e.g. the approach of a shunting 

loco to a freight wagon for the purpose of coupling the two vehicles. Here, the  

locomotive driver, holding a radio remote control, is often already standing in the Berne 

rectangle of the stationary freight wagon. He drives the locomotive to the freight wagon 

at low speed. After the locomotive has come to a standstill, the locomotive driver 

couples the freight wagon to the locomotive using the screw coupling. When using 

locomotives with hybrid couplings, it is essential to pay attention to the position of the 

locomotive's hybrid coupling. If the automatic coupling is folded down, so it can couple 

with a freight wagon with a DAC, the hybrid coupling protrudes well into the Berne 

rectangle. This creates a potentially life-threatening risk for any marshalling yard 

employee waiting for the locomotive in the Berne rectangle. For this reason, operating 

regulations and/or technical solutions must be developed to prevent such a dangerous 

situation from arising in the first place. 

Á In many cases, railway sidings are already operating to their full capacity. This means 

that there are generally only limited options for assembling pure traffic groups of freight 

wagons, with either DAC or screw couplings, on different tracks. It is also likely to be a 

challenge to provide sufficient track capacity for parking buffer wagons or for shunting 

buffer wagons into mixed trains. Thus, if sorting is required, shippers must work 

together with their RUs to identify suitable solutions for sorting freight wagons with 

screw couplings or DACs in the siding, or just downstream outside the siding. 

The aspects described above clearly show that rail freight transport customers must be 

involved in a migration to the DAC from an early stage. This will enable them to seek individual 

solutions for organising parallel operation of screw couplings and DACs in their sidings 

together with the RUs. Clearly, if possible, parallel operation in the siding should only take 

place for an extremely short period of time. This leads to the thesis that migration planning, in 

particular, should be conducted on a customer-specific basis. In other words, that migration 

planning should be oriented as far as possible according to customer-specific freight wagons 

or wagon types (see Chapter 5.4.4).  
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5.4.2 Parallel operation in train formation facilities 

Within the framework of the present study, the parallel operation of freight wagons equipped 

respectively with screw couplings and DACs was simulated for a train formation facility (TFF). 

For the detailed results of this study, please refer to the technical report produced by TU 

Dresden on the work package ñParallel operation in train formation facilitiesò. The main findings 

of this technical report are summarised below. 

In single wagon traffic, the introduction of a DAC is seen as a key enabler for increasing the 

quality of transport and reducing operating costs ï with the potential to digitise and automate 

operating processes in all European rail freight companies in the future. Pilot projects are 

already focusing on practical applications and technical testing of a DAC in operation.  

One of the central questions is how migration can take place in the existing single wagon traffic 

system in Europe when the DAC is introduced. Several factors will have a significant influence 

on this decision, including the speed with which a DAC can be made available to system 

participants and the strategy for parallel operation of the screw coupling and DAC over a longer 

migration period. In the present study, TU Dresden investigated the effects of such a parallel 

operation phase lasting several years on a train formation system using different operating 

strategies. 

The studies were based on simulation techniques that used an experimental version of the tool 

ñAPP ZBAò (automated process planning in train formation facilities). This software was 

developed by TU Dresden as part of a research partnership with Deutsche Bahn. It is used 

productively for tactical planning in train formation facilities at DB Cargo AG. In agreement with 

the project participants, the 2019 configuration of the Munich North train formation facility was 

used as a simulation model. The simulations were based on real operating data (train and 

wagon movements) from March 2019. The simulation maps the control processes at the 

Munich North facility.  

The simulation uses scenarios that depict different points in time during a migration to a DAC 

based on the operating processes in a TFF. The decision regarding the selection of wagons 

to be retrofitted within an industry and the point in time at which this retrofitting takes place is 

random and therefore not controlled.  

Under these conditions, the study shows that the ñmixed trafficò operating strategy with 

conversion from a screw coupling to a DAC over a migration period of several years rapidly 

leads to an overload of the TFF. The large number of mixed trains creates a great deal of 

additional shunting work. If the number of mixed trains is too high, traffic soon exceeds the 

capacity of the facility.  

Simulations using a ñseparate trafficò operating strategy clearly show that only the scenarios 

for the conversion of one sector can be solved (here the automotive sector, and only without 

consideration of additional special operating processes and internal transports). However, 

even in this scenario, traffic already reaches the capacity limit of the TFF. No acceptable 

conversion solution could be found in the scenarios for the chemical industry and the other 

wagons. Above all, this is due to the rapid growth in the numbers of trains in these scenarios 

(separate SC and DAC trains), which overload the resources and infrastructure of the TFF.  

Based on the simulation studies and evaluation of their results, it was found that there is 

potential for optimising both the ómixed trafficô and the óseparate trafficô operating strategies.  



  

117 
 

In both cases, suitable measures must be introduced to limit additional shunting work and 

largely maintain the efficiency of the single wagon traffic system. For this reason, the authors 

recommend the use of a three-level model in which a migration can be managed at different 

levels: 

Á Management of the migration process; 

Á Management of traffic in the network; 

Á Management of processes in the TFF.  

Overall, the present study shows that considerable additional shunting work is to be expected 

in the TFFs if wagons are converted in an uncoordinated manner during the parallel operation 

phase of wagons with screw couplings and wagons with a DAC. Without additional resources 

(infrastructure, personnel, locomotives) or functioning controls for the migration and daily 

operations (in the network, at single wagon traffic customers and in the facilities themselves), 

the TFFs quickly reach their capacity limits. Given these results, it can be postulated that any 

migration phase should be kept as short as possible. 

In order to plan different approaches to the migration, further studies are required ï on possible 

changes in the single wagon traffic network, and on the feasibility and effects of comprehensive 

controls for the network and TFFs. Single wagon traffic customers should also be involved in 

this process.  

Intelligent management of the migration process in the network and TFFs will play a key role 

in maintaining the performance of single wagon traffic during the migration phase from the 

screw coupling to the much-needed DAC. 

5.4.3 Effects of parallel operation on the train formation network 

Organisational analyses of parallel operation in train formation facilities have shown that costs 

(e.g. marshalling personnel, locomotives, track occupancy) increase in TFFs even when only 

a relatively low proportion of freight wagons with DAC are in use. The question is how these 

increased costs can be avoided in all TFFs while relatively few freight wagons have been 

retrofitted with DACs. Just a few freight wagons with DACs are enough to trigger the problem.  

One solution here could be to prevent some TFFs from processing DAC wagons ï depending 

on the density of converted DAC wagons. A network of explicitly designated TFFs for 

processing freight wagons with a DAC would be conceivable. As the number of freight wagons 

with DACs increases, further TFFs could be successively opened for processing DAC freight 

wagons, and TFFs for freight wagons with screw couplings could be gradually closed. 

Such an approach would require continuous adaptation of the train formation network at 

national and international levels. Of course, this would not be possible on a daily or weekly 

basis but could be organised within timetable periods.  

It is recommended that this aspect be given a high priority in migration planning. Network 

models should be used to simulate the effects of different scenarios on transport flows of freight 

wagons, additional costs in the network, and many other parameters. This is necessary both 

at the level of national single wagon traffic and at European level for international traffic. 
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5.4.4 Migration planning 

A detailed plan for retrofitting freight wagons in Europe should be drawn up for the migration 

to the DAC. These must take account of the following general conditions, among others: 

Á Minimisation of operational expenses during the migration phase for customer sidings, 

in train formation facilities and in the train formation network; in particular, ensure that 

parallel operation in the respective shipper/customer sidings is required only for the 

shortest possible period. 

Á Maintenance of operating service to shippers/customers with a sufficient number of 

freight wagons (i.e. not all freight wagons for a shipper can be retrofitted simultaneously 

ï this must be done successively). 

Á Production capacities of DAC manufacturers and workshop capacities for retrofitting 

wagons with DACs. 

Á Europe-wide coordination of the respective stakeholder migration plans (wagon 

keepers, RUs, shippers). 

Based on this migration planning, a timetable must be produced showing when which existing 

freight wagons are to be retrofitted with a DAC. To capture the positive benefits of the migration 

to a DAC as early as possible, freight wagons in ñclosedò traffic should be the first to be 

retrofitted. Closed traffic refers to customer-specific transports which always use the same 

freight wagons. For these kinds of transports, with customer-specific freight wagons, the freight 

wagons could be retrofitted at relatively short notice at the very beginning of the EU-wide 

migration. Thus, ñseparate trafficò DAC block train transports could quickly be in operation. 

This approach is only critical for block train transports which use freight wagons belonging to 

different wagon keepers. Here, it is important to coordinate the retrofitting plans of the various 

wagon keepers to ensure that the customer always has sufficient freight wagons available for 

their current transports, but also that the conversion process can be completed within the 

shortest possible time frame. 

Following the retrofitting of freight wagons in largely closed traffic, a sector-specific or wagon 

type-oriented migration plan could take place. Various sectors or types of wagon could be 

prioritised for DAC conversion according to parameters, which have yet to be defined. Possible 

parameters could be:  

Á Share of single wagon traffic in the sector or type of wagon under consideration: the 

lower the share of single wagon traffic, the easier it would be to switch to the DAC. 

Á Share of international traffic: the lower the share of international traffic, the easier it 

would be to switch to the DAC. 

Á Share of foreign freight wagons in traffic: the lower the share of foreign freight wagons 

in traffic, the easier it would be to convert to the DAC, as conversion planning is only 

carried out for a companyôs own freight wagons. 

Á Average age of the wagon fleet of the type of wagon under consideration: the lower the 

average age of the wagon fleet, the more attractive a conversion to DAC appears. 

An interesting approach to migration planning from an EU perspective would certainly be to 

align migration with European transport corridors. For example, a deadline could be set for 

each European transport corridor, after which only freight trains with a DAC would be permitted 

to run on these corridors.  
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It is likely that optimal migration planning will consist of a mix of the above approaches. Thus, 

migration planning could take place according to customer-specific traffic/networks, industries, 

wagon types, specific routes and/or transport corridors (see Fig. 41). However, these plans 

must take into account the framework conditions listed at the beginning of this chapter. 

Fig. 41: Scenarios for migration planning 

 

Source: hwh 

In any case, detailed migration planning requires a careful analysis of existing transport 

structures. This should include ñbig dataò analyses to gain a better understanding of freight 

wagon routes and the ñrelationshipsò between wagons.  

For example, (groups of) freight wagons could be prioritised for migration planning using a 

measure of their ñinsularityò. In this context, ñinsularityò is a measure of the likelihood that a 

freight wagon or group of wagons will be operated in a train with the same wagons over a given 

period of time (e.g. one year). An insularity value of ñ1ò would mean that the freight wagon or 

group of freight wagons always runs with the same freight wagons in a train within a given 

period of time. In contrast, an insularity value of ñ0ò would mean that the freight wagon always 

runs with wagons it has never run with before whenever it is marshalled into a new freight train. 

Retrofitting could therefore be carried out in descending order, starting with the most ñinsularò 

traffic or freight wagons. 

The migration to the DAC also requires changes in the dispatching of freight wagons, 

especially in the dispatching of empty wagons. Today, a majority of freight wagons are still 

relatively freely available, i.e. without restrictions for specific regions, transports, customers, 

etc. However, during the migration phase, a freight wagon dispatcher will always first have to 

check whether the freight wagon in question has a DAC or screw coupling. This can be done 

using a dispatching feature in the IT system.  
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5.5 Financing and cost allocation models 

5.5.1 Economic implications for the design of cost allocation 

The conversion of 432,000 to 485,000 freight wagons in Europe and 17,000 locomotives to 

DAC will require considerable investment in the procurement of DACs, retrofitting of existing 

wagons, data infrastructure, electrical equipment, and basic automation components.124  

The total investment for the migration to the DAC incl. automation components throughout 

Europe is estimated at EUR 6.4 to 8.6 billion125. In addition, it is anticipated that specific 

investments will be required in further automation solutions. These will take advantage of the 

DAC infrastructure, but not be essential for the operation of the DAC. Examples include electro-

pneumatic brakes and train integrity tests.  

When extrapolated to the entire stock of existing wagons, the required investment is greater 

than the annual net capital raised by wagon keepers.126 Considering the financial restrictions 

faced by many protagonists in the sector, the scale of investment required for conversion to 

the DAC represents a considerable barrier to its introduction. 

As well as the level of investment, three structural factors have a major impact on the decision 

about how to implement the planned conversion: 

Á The distribution of the investment costs over time; 

Á The dependence of the benefits realised on the conversion density of the relevant 

freight wagons; 

Á The distribution of benefits among the different stakeholders. 

The following section discusses these structural factors and calculates their implications for 

economic decisions. Based on these calculations, it will then outline the key points of a billing 

and financing concept that addresses these factors in order to ensure the success of the 

migration.  

5.5.1.1 Distribution of the investment costs over time 

The DAC is designed for a long service life. Naturally, no reliable empirical findings are yet 

available, but it is assumed that the DAC will be in use for between 20 and 30 years. The 

benefits derived from the automation of coupling processes and other automation technologies 

will be distributed over this period. The conversion costs, on the other hand, are incurred 

immediately. 

The simulation in Fig. 42 shows the sensitivity of the annual payments for the financing and 

repayment of the DAC, assuming costs of EUR 15,000 per freight wagon (incl. procurement of 

components and the associated costs of retrofitting). The annual payments are subject to an 

interest rate of three percent, with repayment instalments of approx. EUR 1,008 p.a. for a term 

of 20 years or EUR 1,749 for a term of 10 years.  

 
124 cf. Chapter 4.1.1 
125 cf. Chapter 4.1.7 
126 The Net CapEx of DB Cargo, for example, averaged EUR455 million per year in 2017 and 2018; see Deutsche Bahn AG, 
Investor Presentation, May 2019, p. 22. Retrofitting 80 percent of the 75,000 freight wagons owned by DB Cargo (cf. freight wagon 
catalogue, https://www.dbcargo.com/rail-deutschland-de/info-service/online-tools/gueterwagenkatalog-1695048) would cost 
around EUR 900 million. 
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In the case of short-term financing, the continuous annual benefit from the DAC conversion 

must therefore be 60 to 80 percent higher than for a long-term financing if negative cash flows 

are to be avoided.  

The long service life of the DAC should therefore be reflected in a long-term financing horizon, 

as is common in the infrastructure sector. This means that investor groups with a similarly long-

term investment horizon should be approached as investors.  

Fig. 42: Sample calculation of annual instalments at various maturities and interest rates 

 
Source: ConnectedValue Consulting GmbH 

5.5.1.2 Benefits are dependent on the conversion density 

Chapter 4.1.8 described the various applications for the DAC in detail and calculate a rough 

estimate of their benefits. These can be divided into three groups according to their 

mechanisms: 

Á Direct benefits: Some of the benefits result directly from the automation of the coupling 

process. These include the reduction of shunting work/costs, acceleration of shunting 

operations, options for increasing the length and weight of trains, and improved 

occupational safety. 

Á Indirect benefits (enabler function): Further use cases are based on the opportunities 

provided by the continuous power and data connections that, in turn, are made possible 

(and necessary) by the DAC. Usually, these applications require the installation of 

additional technical components. Some of these use cases have already been clearly 

outlined. Examples include train integrity testing or the introduction of an automatic 

brake test. However, it can be assumed that the automation and electrification of the 

wagons will also permit the use of further innovations that are not yet on the radar. 

Á Social benefits (externalities): Finally, the introduction of the DAC will generate social 

benefits. These include the potential for expanding the capacity of existing rail 

infrastructure, improving the competitiveness of rail compared to road haulage and, 

consequently, a possible shift of the modal split towards rail freight transportation with 

lower CO2 emissions.127 

 
127 cf. Gabler's Dictionary of Business and Economics, for example, for the definition of ñexternalitiesò: ñThe essential characteristic 
of externalities is that they do not have any impact on the originator, because there is no relationship between the originator and 
the affected parties mediated by the price or market mechanism, nor any other type of contractual relationship. If the benefit or 
production of the affected party increases (decreases) with the level of the externality, this is described as a positive (negative) 
externality in consumption or productionò.  
(https://wirtschaftslexikon.gabler.de/definition/externer-effekt-34801).   
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The social benefits of the DAC are not, or only insufficiently, taken into account in corporate 

investment calculations because they occur elsewhere and cannot be allocated to the 

companies. Public funding can be useful as a way of internalising these benefits for wider 

society. 

But microeconomic investment calculations also fall short with regard to the direct and indirect 

benefits for industrial companies: The advantages of the DAC, including the electrification of 

the freight wagons and the data connection, will only be fully realised when all the wagons in 

a train have been retrofitted. Although it is possible to form ñseparate trafficò sections of mixed 

trains, the costs involved in parallel operation are significant.128  

The implications for the investment calculation therefore depend on the extent to which 

individual companies can control the retrofitting of all freight wagons in a train, and thus on the 

operating system in which the freight wagons operate:  

Á In a closed system, certain routes are used by trains with the same freight wagons. If 

the freight wagons of these trains are retrofitted, all the direct and indirect benefits can 

be realised and the conversion process is economically viable. 

Á Retrofitted freight wagons, which are freely assigned to different trains and routes, only 

generate the full benefit if they are operated in ñseparate trafficò trains. The lower the 

proportion of wagons converted, i.e. the lower the conversion density, the lower the 

probability that the trains are ñseparate trafficò trains. This can also be described as a 

ñnetwork effectò.129  

The relationship between conversion density and benefit is shown as a graph in Fig. 43. In 

Phase I of the migration, wagons operating in closed systems will be converted. Here, the full 

benefit can be realised. Phase II will see the conversion of wagons that are also scheduled 

more freely. When the conversion density of all wagons is low, there is a higher probability that 

retrofitted wagons will run in mixed trains. Thus, the benefits decrease even more as the 

proportion of freely scheduled transports increases. 

In the Phase III, starting at the bottom of the utility curve, the conversion density (i.e. the 

probability that ñseparate trafficò trains can be formed) is so high that the benefit of additional 

retrofitted wagons begins to rise again. In Phase IV, the saturation effect becomes the 

dominant factor, e.g. the wagons are used so rarely that retrofitting them is not worthwhile even 

if the conversion density is high. 

 
128 cf. Chapter 5.4.  
129 cf. e.g. https://wirtschaftslexikon.gabler.de/definition/netzwerkeffekte-51385/version-274556 
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Fig. 43: Change in the utility of converted wagons as a function of the conversion density 

 

Source: ConnectedValue Consulting GmbH 

How does this affect the wagon keeperôs investment decision? This depends largely on the 

general progress of the migration and thus on the investment decisions of all wagon owners in 

the past. The critical period is Phase II, when the wagons used in closed systems are 

retrofitted. 

It is reasonable to assume that the DAC will be financed in the long term, as described in 

Chapter 5.5.2.1. Nevertheless, during the first few years of mixed operation, the economic 

benefits are significantly lower than the leasing rate. The break-even point will only be achieved 

after a few years, once the critical conversion density of all wagons has been reached, i.e. the 

point at which current earnings correspond to current costs. 

From the point of view of the individual business, it makes sense to wait until this point before 

retrofitting any freight wagons. After all, from this phase of the migration onwards, it is more 

profitable to operate retrofitted wagons than those that have not been converted. Wagon 

keepers that convert their fleets earlier are likely to incur losses until the critical migration 

density has been achieved. As these principles apply to almost all wagon keepers and railway 

undertakings, no company would wish to be the first to retrofit freight wagons for freely 

scheduled transports. The migration to the DAC would grind to a halt after Phase I. It is even 

possible that freight wagons in closed systems would not be converted either, because the 

wagon owners want to avoid isolated solutions. The critical migration density, above which the 

conversion process becomes a ñsure-fire winnerò, would never be reached. 

Chapter 5.5.3 develops and examines possible solutions for this problem in the start-up phase.  

5.5.1.3 Benefits for various DAC stakeholders 

The benefits derived from the conversion of a freight wagon depend not only on the conversion 

density but also on various other factors, some of which can be controlled by the companies 

and some of which cannot: 

Á Factors that can be influenced by companies include, e.g. the use of freight wagons 

and train formation, the operation and utilisation of potential for automation, wagon 

capacity utilisation and the types of goods transported. 
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Á Factors that cannot be influenced by companies particularly include country-specific 

factors, such as the different factor costs in the various European countries. The 

financial benefits of automation are also lower in countries with lower labour costs than 

in countries with high labour costs. However, the investment costs, and thus also the 

leasing costs, are not lower in these countries. In fact, these can even be higher when 

country, currency and counterparty risks are taken into account.  

In order to increase the likelihood of a Europe-wide changeover to the DAC, these location 

factors could ideally be balanced by funding models. Compensation is generally not 

appropriate for dealing with factors that can be influenced by companies, because it penalises 

the transition to more efficient production models and can distort competition between 

suppliers.  

Ultimately, the benefits of the DAC are not limited to the railway undertakings ï there are other 

beneficiaries as well. Ideally, the cost allocation should take account of all beneficiaries of the 

conversion to the DAC:  

Á Shippers: Major shippers often assemble trains on their own premises. The DAC allows 

them to benefit from faster train formation processes as well as other cost and quality 

improvements in rail freight transport. Because shippers ultimately bear the costs of rail 

freight, the benefits accruing to shippers are incorporated into their own business 

calculations. 

Á Railway infrastructure undertakings: The DAC and its associated solutions, such as 

train integrity tests, also offer advantages for RIUs. Firstly, it enables them to utilise 

their existing infrastructure more effectively. Secondly, ETCS Level 3 can only be 

implemented once train integrity tests have been introduced for freight trains. This will 

lead to savings for the RIUs, as they will no longer need to provide high-maintenance 

axle counters and line-clear detection systems. The RIUs can participate in the 

investment programme by contributing directly to the costs of the solutions (train 

integrity test), through the track pricing systems or by taking account of the DAC in 

state subsidies.  

Á Societal benefits: The switch to a DAC also creates benefits beyond the railway sector. 

Improving the competitiveness of rail freight transport and utilising rail infrastructure 

more effectively will help to shift the modal split from road haulage to rail freight 

transport, lowering CO2 emissions and relieving the pressure on road infrastructure. 

These societal benefits may justify and require public support for the changeover to the 

DAC. 

In summary, the cost and benefit structure of the migration can be used to derive a range of 

key requirements for refinancing and distributing the costs of the DAC:  

Á High investment costs and long-term realisation of benefits mean that wagon keepers 

must have access to long-term financing. 

Á A compensation mechanism will be required in the allocation of costs, due to the 

dependence of the benefits on the progress of migration and the associated 

ñdisadvantage of early migrationò. 

Á As there are significant regional differences in factor costs, the benefits realised are 

dependent on the operating location. Compensation may be necessary in countries 

with below-average factor costs in order to ensure a Europe-wide switchover.   
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Á Other benefits, in particular advantages to wider society, should be taken into account 

and may justify support.  

Three components are necessary to map these requirements:   

Á A ñfairò cost allocation logic that offers compensation for the disadvantages of early 

conversion and includes public funding; 

Á Refinancing structures that enable costs to be distributed over the long term and are 

accessible to all participants;  

Á An institutional framework that offers security for all stakeholders, e.g. on standards 

and the progress of the migration.  

The first two mechanisms are examined below, the institutional framework is described in 

Chapter 5.6. 

5.5.2 Possible financing and cost allocation mechanisms 

Most wagons with a DAC will be operated by the railway undertakings. The railway 

undertakings or shippers may also be wagon keepers or they may lease freight wagons from 

other wagon keepers. 

In order to procure, finance and allocate the costs of a DAC, a DAC asset management 

organisation is required to act as an administrator. Depending on the division of responsibilities 

and contract structure, the DAC asset management organisation can also initiate or carry out 

specific service and maintenance tasks. The DAC asset management organisation can be 

handled by the wagon keeper themselves, e.g. if they are large wagon leasing companies or 

fleet owners. However, it is also possible to decouple the DAC asset management from wagon 

management.  

There are well-established examples of this in other industries. For instance, it is common 

practice for aircraft to be leased without the engines, and for the engine to be purchased from 

the manufacturer in a ópower-by-the-hourô contract.130 Similar models are also available for 

large commercial vehicles or ships. A prerequisite for the separate provision of freight wagons 

and DACs is that the vehicle and DAC can be technically separated and are economically 

independent. Separating wagon keeping from the ownership of DACs in this way could be 

useful for wagon keepers who do not want to finance and account for the investment in the 

DAC themselves.  

 
130 For a comprehensive overview of ñPower-by-the-Hourò contracts in the aviation sector, cf. Kerr, C.I.V. and P.C. Ivey. 2001. A 
strategic review of the large civil aero engine market and the paradigm shift to a service. The Aeronautical Journal, May 2001: 
287- 293. Generally, the engines are sold below cost and the losses are compensated via the maintenance contract. However, 
the engines can also be leased. See, for example, the website of GECAS, the world's largest engine leasing provider, 
https://www.gecas.aero/solutions/?a=financial-products.  
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Fig. 44: Mission ï Cost allocation and refinancing for the DAC 

 
Source: Connected Value Consulting GmbH 

The following section presents and evaluates the basic options for cost allocation between the 

DAC asset manager and the DAC user.  

5.5.2.1 Option 1 ï Complete transfer of the conversion costs to the DAC user 

The investment costs for the DAC can be charged to the freight wagon user, i.e. the railway 

undertaking or shipper, directly by the wagon keeper or DAC asset manager.  

If freight wagon users are to finance the retrofitting process, the following prerequisites must 

be met:   

Á The user must use the same freight wagons over a long period of time; 

Á Access to adequate refinancing facilities; 

Á Use of the freight wagons in closed systems.  

In practice, this will apply to some cases, especially some large shippers or RUs who are 

wagon keepers themselves. However, this is not the rule.   

5.5.2.2 Option 2 ï Leasing the DAC for a fixed user fee 

Freight wagons are usually leased by wagon keepers to wagon users at fixed rates. 

Companies leasing the wagons have a choice of terms and service models. The leasing model 

with a fixed user fee can be extended to the DAC. For example, the wagon lessor could add 

the leasing costs for the DACs to the leasing rate for the freight wagons. This billing option has 

a number of implications: 

Á The DAC asset manager organises the procurement of the DACs and helps to enforce 

standards and purchasing conditions. 

Á The initial investments can be borne by private investors and the public sector, so that 

these costs do not have to be paid for by the wagon keepers and DAC asset managers, 

or at least not completely. 
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Á The billing model is simple and can be seamlessly integrated into existing billing 

models. 

Á However, since this is a leasing model with fixed leasing instalments, it must be 

assumed that the leasing liabilities, i.e. interest and repayments, must be capitalised in 

the balance sheet in accordance with IFRS 16.131 This must be examined on a case-

by-case basis. However, a fixed leasing rate cannot compensate for the ñfirst mover 

disadvantageò.  

At the beginning of the migration, the leasing of freight wagons with DACs will not be 

worthwhile unless they operate in closed systems. Wagon keepers or DAC asset managers 

will therefore wait as long as possible ï until a high degree of conversion has been achieved 

ï before converting their wagons.  

5.5.2.3 Option 3 ï Leasing the DAC for a variable user fee 

In order to break this cycle of low conversion density and profit from the benefits that result 

from conversion to the DAC, the user fees for the DAC must be differentiated and adjusted to 

take account of the level of benefits, at least in the migration phase. As long as the benefits 

are low, the leasing price for the DAC should also be low. If the benefits increase, this price 

can also be increased. The user fee is thus based on the benefit realised. Since freight wagons 

are usually leased out with the DAC, it is important to agree a clear set of rules for the user 

fee. The implications are: 

Á As in the model with a fixed lease rate, the initial investment can be borne by private 

investors and the public sector. 

Á Under certain conditions, the variable user fee can be structured in such a way that it 

does not have to be fully accounted for even under IFRS 16. This is of particular interest 

to large RUs and wagon keepers who have to take account of accounting and rating 

restrictions. 

Á If subsidies are parameterised and integrated correctly, DAC users will be able to 

achieve a positive cash flow even in the migration phase, as the full user fee will only 

be charged when the full benefit is realised. This provides an incentive for wagon 

keepers and DAC asset managers to start migrating to the DAC even if the degree of 

conversion is low. 

However, models for determining the level of the user fee must be developed and agreed, and 

the parameters to be used for determining the user charge must be collected. The billing 

models differ from the fixed leasing price models familiar from wagon leasing. 

Fig. 45 shows how revenue and expenditure flows could develop over time for three groups ï 

wagon keepers/RUs, public sector/DAC asset managers, and investors. In year Zero, 

expenditures on the DAC will be borne by the DAC asset manager, investors and, possibly, by 

a purchase premium. This is represented by the negative blue bar. There are no benefits or 

expenses for wagon keepers or RUs. As the conversion density increases, the benefits for 

RUs and wagon keepers increase over the following years. Ideally, the DAC asset managers 

 
131 The International Financial Reporting Standard 16 - Leases (IFRS 16) of the International Accounting Standards Board (IASB) 

came into force on 1.1.2019 and regulates the accounting treatment of leases, particularly for lessees. It represents a tightening 
of the previous accounting regulations (in particular IAS 17). Lessees are required to account for most leases in the form of lease 
obligations and rights to use the leased asset. cf. for these and a brief summary of the implications, e.g https://www.finance-
magazin.de/finanzabteilung/bilanzierung/leasing-bilanzierung-das-ende-des-off-balance-1340019/ and for a detailed view, e.g. 
https://assets.ey.com/content/dam/ey-sites/ey-com/de_de/topics/ifrs/ey-im-fokus-eine-naehere-betrachtung-von-ifrs-16.pdf. 

https://www.finance-magazin.de/finanzabteilung/bilanzierung/leasing-bilanzierung-das-ende-des-off-balance-1340019/
https://www.finance-magazin.de/finanzabteilung/bilanzierung/leasing-bilanzierung-das-ende-des-off-balance-1340019/
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and their financiers will structure the user fee in such a way that it is in line with the benefits 

for wagon keepers and RUs. The user fee is shown by the grey bars in the payment profiles 

for both the wagon keepers and RUs as well as the DAC AM. 

Fig. 45: Benefit and payment profile for DAC financing 

 

Source: Connected Value Consulting GmbH 

There are various ways to design billing models that are adequate for the purpose. 

Á Linking the user fee to the progress of the migration: This comparatively simple 

accounting model adjusts the costs for using the DAC according to the migration 

density. Only a small user fee will be charged while just a few freight wagons have been 

converted to DAC technology. The fee will be charged at the full rate once all freight 

wagons have been converted. This benefit-related billing model incentivises some RUs 

and/or shippers and transports to lease converted wagons at an early stage, thus 

reversing the ñlast mover advantageò. Of course, all wagon leasing companies and 

DAC asset managers will be free to negotiate the precise fees with their customers in 

a competitive environment. Additional ñmarket parametersò can also be selected and 

included, such as the country of use, e.g. if regional subsidies can be included.132  

Another advantage of the model is that it is based exclusively on external parameters 

that cannot be influenced by the users. This simplifies and improves the objectivity of 

the user fee and prevents market distortion or incentives for inefficient production. 

However, this model cannot fully reflect the benefits of the conversion. Shippers and 

RUs using converted freight wagons in closed systems would realise the full benefits 

from the outset and also benefit from reduced leasing fees. This ñdeadweight effectò 

reduces the efficiency of a possible subsidy.  

Á Billing in accordance with an agreed benefit index: In principle, the model described 

above could be extended by further price parameters. This would allow the user fees 

to be further differentiated and adjusted to the actual benefit. For example, the number 

of automated coupling processes, the type of traffic and goods transported, additional 

 
132 For example, in the form of financial support from the Cohesion Fund of the European Commission; see 
https://ec.europa.eu/regional_policy/de/funding/cohesion-fund/.  
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services such as the number of automatic brake tests or full-service solutions could be 

included in a billing index. To do this, definitions of the benefit parameters and 

weightings for each benefit indicator in the benefit index are required. This prevents 

ñspreadò and ñdeadweight effectsò in the user fees. The example of a price parameter 

ñnumber of automated coupling operationsò illustrates this logic. The benefit of the DAC, 

all other things being equal, is greater for freight wagons that are frequently coupled 

because more manual work is eliminated. For example, if the automated coupling 

process is priced at one euro per coupling process, RUs that perform more automatic 

coupling operations will pay more than those that rarely do so. This avoids the 

ñdeadweight effectò, e.g. for wagons operating in closed systems. In the extreme form, 

however, the disadvantages outweigh the advantages. Firstly, the individual price 

parameters must be measured to determine the fee to be paid. This creates costs and 

disputes regarding the billing process. Moreover, the prices over and above the fixed 

DAC leasing charge are not enforceable. Finally, the pricing of controllable parameters 

could lead to undesirable effects, e.g. if efficient production models based on frequent 

automated coupling processes become more expensive. However, the discussion also 

shows that intelligent pricing models, offering better spreads, can give lessors or DAC 

asset managers a competitive advantage.  

In summary, it can be assumed that a variable cost allocation model ï with reduced user fees 

in the migration phase ï is necessary to ensure the success of the changeover to the DAC and 

achieve the critical mass of converted wagons, especially in the vital first years.  

In principle, simple billing models based on the migration progress are sufficient. More 

differentiated pricing models, e.g. billing according to defined benefit parameters, could give 

individual DAC asset managers a competitive advantage. However, the higher implementation 

and measurement costs would only be justified if billing models of this type provide a clear 

additional benefit.  

5.5.3 Refinancing structure 

In the two cost allocation models described in the previous section ï leasing charge and usage-

based fee ï the wagon keepers or DAC asset managers would bear the investment costs, 

incorporate any subsidies and distribute the costs via user fees, either at fixed or usage-based 

rates. These cost allocation models assume that the lessors or DAC asset managers have 

access to suitable refinancing structures and investors. When setting up the refinancing 

structures, it is important to reconcile the maturity expectations and specific risk/return profiles 

of investments in the DAC with the expectations of investors.  

5.5.3.1 Opportunities and risks for the DAC during its life cycle 

Freight wagons are an established asset class with a stock of wagons that has been built up 

over decades and a secondary market for used wagons. The DAC, on the other hand, is a new 

technology with a special risk profile and no empirical values on its service life or re-leasability. 

The procurement period is expected to be short at just six to eight years. Investments in the 

DAC are therefore associated with a special risk profile that differs significantly from other 

investments. 

Fig. 46 provides a rough overview of the DAC's opportunities and risks during its entire life 

cycle. Ideally, the individual risks should be distributed ï for a corresponding fee or margin ï 

among those players who are best able to manage or bear them. Thus, the development risks 
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typically lie with the manufacturers. Risks associated with possible accidents can be partially 

covered by insurance solutions. 

Fig. 46: Opportunities and risks for the DAC during its life cycle 

 

Source: ConnectedValue Consulting GmbH  

Á Financial risks arising after the installation of the DAC can usually be passed on to 

suitable investors in whole or in part. Naturally, however, investors expect a return for 

assuming this risk. 

Á Operating/technical risks should be actively managed by the wagon keepers, DAC 

asset managers and wagon users, as they have the necessary skills and resources. 

For example, the duration of the migration period depends on the provision and use of 

workshop infrastructure. 

Á Some of the strategic and political risks require cross-industry regulation, as they 

cannot be borne or resolved by individual parties working alone. It is therefore important 

to name a period introduction of the DAC. This gives investors and DAC asset 

managers the certainty that they will be able to enforce the full user fee from that date. 

Likewise, RUs/shippers can be assured that the changes in their operating models and 

costs of parallel operation are only temporary. 

It should also be noted that the risk profiles of the various wagon keepers in Europe differ 

considerably. The creditworthiness of the wagon keepers, the average age and quality of the 

fleets, business models and currency risks are relevant factors when assessing investments 

in fleet conversion. In order to ensure that the conversion to the DAC is a success throughout 

Europe, it must be determined whether the disadvantages experienced by some wagon 

keepers, due to their risk profiles, can be compensated for by special funding instruments, e.g. 

the Cohesion Fund. 
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5.5.3.2 Variable user fee and integration of public funding 

As discussed in Chapters 5.5.2 and 5.5.3, a reduction of the user fee during the migration 

phase is necessary. This could be financed by public funding.  

The refinancing structure must therefore translate possible purchase subsidies into a reduced 

ongoing user fee. Other possible subsidies, e.g. from the Cohesion Fund of the European 

Union, could compensate for country-specific differences in the realisation of benefits.  

Finally, flexibility in the user charge requires a corresponding degree of flexibility in refinancing. 

This can be controlled by the speed of repayment in a similar way to special redemption rights 

for loans. For example, if the migration process advances more quickly, the user fees will rise 

faster and repayments can be accelerated within the agreed time frame.  

5.5.3.3 Access to refinancing  

Wagon leasing companies have financing structures and experience they can build on when 

financing the DAC. This allows them to offer DACs to their customers together with the freight 

wagons with the adaptations described.  

Fig.47: Investment in the DAC based on ownership structure and risk class    

 

Source: ConnectedValue Consulting GmbH  

Fig. 47 shows the financing options available to the various protagonists. The y-axis of the 

matrix depicts three common ownership models for freight wagons. 

The x-axis shows the risk class of the freight wagon owners. The risk assessment takes into 

account various factors, e.g. currency risks (euro vs. third currencies), country-specific risks, 

risks specific to the business model, credit or default risks with counterparties, and strategic 

risks. Based on discussions held with wagon leasing companies, it can be assumed that they 

will convert their own wagon fleets, provided the necessary conditions are met, and could 

organise the financing themselves. If necessary, wagon leasing companies will also submit 

offers to other wagon keepers (e.g. industrial companies or RUs) for retrofitting the wagons 

with DACs and financing them. However, it can be assumed that they will focus on wagon 

keepers with an attractive risk profile, i.e. low risk.  

All other wagon keepers have the following options for financing the DAC: 

Á Set up their own DAC financing; 

Á Use DAC financing from wagon leasing companies or third party investors; 
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Á Develop cooperative financing approaches with other wagon keepers.  

A joint refinancing structure for all wagon keepers, who do not want to set up their own solution, 

must offer sufficient flexibility to reflect additional assets. At the same time, it should be open 

on the investor side to avoid dependence on a small number of investors. 

5.5.4 Conclusion on financing models 

The conversion of the European freight wagon and railcar fleet to the DAC will cost EUR 6.4 

to 8.6 billion.133 In addition, it is possible that further automation technologies, based on the 

DAC's data technology and electrical infrastructure, will also be introduced.  

The benefits of using most converted freight wagons are not realised immediately. Instead, 

they depend on the conversion density of all relevant freight wagons. For an RU/wagon keeper, 

it makes greater business sense to wait until other companies have converted their freight 

wagons before migrating to the DAC. Several cost allocation models, which aim to provide 

compensation for the disadvantages of early adoption, were developed and tested. A benefit-

related user fee, that increases with the proportion of wagons converted, would be a suitable 

instrument for compensating the ñdisadvantage of early conversionò. Further parameters and 

refinements would offer improvements, but at the price of greater complexity. 

The scale of the investment and the unusual utility curve during the migration, make it 

imperative that accounting and refinancing solutions meet several requirements:  

Á Avoidance of strongly negative cash flows for users during the migration phase,  

Á Refinancing options that put the minimum strain on balance sheets, 

Á Management and, if necessary, the transfer of certain risks, and 

Á Public sector support to compensate for societal benefits and to offset lower potential 

savings in certain countries.  

The provision of DACs and benefit-related billing will take place through DAC asset managers. 

These could be existing wagon keepers or new suppliers who provide DACs (economically) 

independently of the wagon. Refinancing structures and investors are needed to bear the initial 

investment burden and these should reflect the special risk-return profiles of the DAC 

migration, especially: 

Á The long-term financing horizon corresponding to the long lifetime of the DAC, 

Á Risk-return expectations of the investors, which take into account the special features 

of the DAC (new technology, long maturity, risks along the migration process, re-

leasability),  

Á User charges that increase during the migration and integration of support. 

Not every wagon keeper is able to set up such a refinancing structure. A common financing 

structure for all wagon keepers or DAC asset managers, who do not wish to set up a separate 

solution, would provide considerable synergies in operational implementation as well as 

through the size and diversification of the investment portfolio. Fund solutions could avoid 

dependence on individual investors and be flexibly expanded. 

 

 
133 cf. Chapter 4.1.8 
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5.6 Organisation model for DAC roll-out 

An organisational framework is recommended for the EU-wide migration to a DAC (DAC). The 

tasks to be accomplished for this purpose must be identified. Possible organisational units and 

committees can then be derived from these tasks. These bodies must be integrated into the 

current organisational structure. Responsibilities are assigned to the organisational units and 

reviewed to ensure they offer meaningful involvement of the sector. 

Prior to this, it was also examined whether individual stakeholder (groups) can take over blocks 

of functions or whether collective forms of organisation are required in some cases. The 

following section presents a range of aspects:  

Á Requirements of a future organisation and its contribution to setting key migration 

objectives; 

Á Tasks and function blocks for the migration to and operation of the DAC; 

Á Responsibilities. 

5.6.1 Requirements of a future organisation 

The design of any future organisational solution must meet various requirements. Firstly, it 

should ensure that a future organisation sets measurable objectives. Secondly, the 

organisational guidelines must be goal-oriented and ensure that only the essential 

organisational adaptations are developed. This is due to the need to minimise the number of 

regulations. 

In order to achieve a broad conversion to the DAC, the following steps are necessary: 

1. Establish sensible technical and operational standards, 

2. Ensure the continuous migration to the DAC, 

3. Guarantee stable operation and 

4. Secure benefit-oriented financing and thus the óbankabilityô134 of the coupling.  

The aim is to establish an organisational and regulatory framework that provides for state 

intervention only in the event of market failure. 135  

Á Minimal degree of centrality: Although the aim is to maintain the autonomy, and thus 

decentralised activities, of market players, a minimum of centralisation is necessary. 

Since all participants are operating in one system, operational coordination, e.g. 

through standards, is required. Similarly, the costs and benefits accruing to the various 

protagonists and between different users must be balanced ï otherwise significant 

barriers to migration could arise.136 

Á Neutrality: The organisational structure should be neutral, i.e. preference should not 

be given to individual protagonists or groups. For this reason, governance structures 

and bodies must be permeable. 

Á Subsidiarity: Freedom of action should always exist as long as there is no indication 

that certain tasks have to be performed on a higher level in order to achieve a socio-

politically desirable result. Actors with the most relevant expertise should also be 

 
134 Bankability 
135 See also Chapter 5.7 
136See also Chapter 5.5  
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involved in setting the direction in the interests of the sector. Otherwise, the results will 

be suboptimal and inappropriate solutions that make little economic or business sense. 

There is a certain degree of tension between this criterion and the previous requirement 

of ñneutralityò. 

Á Legal conformity: It goes without saying that an organisational solution must not 

violate principles of private and public law (e.g. anti-trust law and public procurement 

law).137  

Á Business model conformity: An organisational solution should not put in question or 

fundamentally endanger the business model of one of the parties involved. This applies 

not only to the market players involved in the operation of rail freight services, but also 

to investors providing private capital. These will become important protagonists in a 

future organisation. 

This requirement promotes the achievement of the desired objectives:  

1. Establishment of a reasonable technical standard. 

2. Continuous migration. 

3. Stable operation. 

4. Benefit-based financing of DAC conversion and use. 

5.6.2 Tasks and function blocks 

The DAC migration will be one of the greatest innovations in rail freight transport of recent 

decades. At the same time, it will be important to resolve possible conflicts that arising during 

the migration due to parallel operation. For this reason, it would be advantageous to create 

roles for specific tasks and functions and build up executive capabilities.  

Á Technical: A technical standard for the DAC must be defined. This is a prerequisite for 

the interoperability of traffic. 

Á Operational: A uniform operating standard will facilitate the harmonisation of operating 

procedures. This is important in order to achieve the desired productivity gains. 

Standardised processes also improve operational stability. 

Á Financial/administrative: Administrative, accounting and financing processes must 

be established and institutionalised. These relate both to the initial investment and the 

maintenance of the DAC over its asset life cycle. For example, processes that are 

regionally differentiated or organised on a small scale would add further complexity and 

create additional costs. This would be a barrier to implementation. 

Á Regulatory: The tasks of the public sector are manifold. Technical and operational 

standards must be integrated into the existing regulatory framework. Barriers to 

implementation should be reduced by moderate regulatory measures, e.g. through 

targeted funding. The progress of implementation must be monitored. If the progress 

made does not meet expectations, the effectiveness of the public sector's instruments 

should be examined and approaches for expanding them investigated. 

Á Communication: Every protagonist has communication requirements that can be 

derived from their individual stakeholder groups and communication needs. There is 

 
137 This criterion is taken into account to the best of our knowledge. An examination by legal experts is recommended. The 
contractor does not provide legal advice. 
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no need for coordination here. Each market participant can communicate the 

appropriate content to the respective addressees as required. For example, wagon 

keepers will communicate progress in fleet conversion and user fees, RUs will report 

on the use of new technology, and public authorities will communicate expectations 

regarding implementation targets and regulatory changes. 

Fig. 48: Functional blocks for the migration to the DAC 

 

Source: ConnectedValue Consulting GmbH 

For each functional block, it will be necessary to ascertain the areas of tension between 

decentralised stakeholders and the need for centralisation during the conception and 

implementation of a DAC migration. 

In the past ï despite sometimes considerable financial support and regulation of the railway 

sector ï each market participant was responsible for the application and implementation of 

technical solutions within the framework of the respective national and EU-wide138 regulations 

as well as for their financing. 139 Under these conditions, the historical record shows that no 

conversion to a DAC has taken place, although the introduction of an automatic coupling has 

been considered several times.140 

The following section lists the requirements that must be fulfilled for a successful EU-wide 

migration to a DAC:  

Á Technical: A technical standard is needed to promote interoperability in both the 

national and European contexts.141 

Á Operational: The establishment of a production model is also a sensible measure.142 

This includes the harmonisation of operational procedures. Likewise, important steps 

in the migration, such as migration planning along the lines of industry, wagon types, 

regions or corridors, the conversion of wagons, etc., must be coordinated.  

Á Financial: Every market participant is free to procure and finance DACs within the 

scope of their means and requirements. No participant can be contractually excluded. 

 
138 e.g. European Train Control System ETCS 
139 Naturally, within the framework of the applicable regulations. 
140 Zeit (13/1975), Ein Riese siecht dahin (A giant languishes) 
141 DIRECTIVE (EU) 2016/797 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 11 May 2016 on the 
interoperability of the rail system within the European Union 
142 OTIF/ Daria Galushko (2016), STUDY ON CORRIDORS, p. 39 ff 
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Nevertheless, there are market participants whose financial resources for additional 

investments are limited. These can be offered an industry- and asset-specific financing 

solution supplied by one or more providers. 

Á Regulatory: The funding of initiatives to investigate migration requirements for a DAC 

(such as the present study by the BMVI) does not constitute a regulatory intervention. 

Nevertheless, key regulatory elements should be considered. These include the setting 

of technical/operational frameworks and codification via a TSI at European level. 

Financial support should also be considered, e.g. within the framework of start-up 

financing/support for the DAC financing regime.  

Á Communication: Although communication is left to each individual market participant, 

communication by the regulator is a key element and requirement in the migration 

process. It is the prerequisite for the application and enforcement of standards. 

The next step will examine how these requirements can be transferred to a target organisation. 

5.6.3 Future organisation and key ñstakeholdersò 

Organisational solutions for each functional block are presented below. The extent to which 

responsibility for some of the key tasks to be performed can be assumed by individual market 

participants, and the extent to which the pursuit of a collective organisational approach is 

necessary, were also examined in advance. 

Essential design parameters are discussed for each organisational unit. 

Á Task; 

Á Structure and integration into the existing organisational set-up; 

Á Rules for appointments. 

Fig. 49 proposes committees to be established and tasks to be assigned for the migration to a 

DAC.  

Fig. 49: Committees - Tasks and decision-making mechanisms 

 

Source: ConnectedValue Consulting GmbH 
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Target organisation, technical  

The task of a DAC Technical Standards Council (TSC) could be to define and select the 

technical solution for a DAC. This would include the production of specifications, a test concept, 

the examination of technical interfaces, e.g. between electrical/electronic and mechanical 

equipment, and coordination of interactions with manufacturers and users on these issues. 

The TSC would have to ensure that the technical requirements and design of the DAC are 

specified in such a way that, from a technical point of view, stable operation can be guaranteed 

throughout its life cycle. This would mean that aspects such as low maintenance and total cost 

of ownership (TCO) must also be considered in the specifications. The TSC would have to 

navigate and balance the sometimes conflicting demands for technical stability and low TCO.  

Existing manufacturer designs would have to be studied and evaluated with regard to these 

aspects. Depending on the assessment of the TSC, the designs as well as the prototypes and 

initial small series may have to be adapted. The first units produced would be used and tested 

under ñreal-lifeò conditions. Any anomalies that may become apparent could then be taken into 

account by incremental adjustments in the design before large-scale production and 

introduction of the DAC begin.  

The TSC could also help to codify technical findings. This would then lead to a revision of the 

Technical Specifications for Interoperability (TSI). Both TSI WAG and LOC&PAS and TSI OPE 

must be adapted.  

Structurally, a TSC would therefore operate in an advisory capacity for the ERA. It would pool 

existing technical expertise in the sector and make it available for the development of 

regulations. Appointments to the council should therefore reflect the sectorôs technical 

expertise and be open for contributions within the framework of its rules of procedure and the 

established appointment process.  

Target organisation, operational  

There are three possible organisational units within the target company organisation.  

The tasks of the organisational units complement each other. 

Á Operating Council (OC): This would be the operational equivalent of the Technical 

Standards Council in the technical function block. It would pool the operational 

expertise available in the sector. The introduction of the DAC creates new challenges 

regarding the adaptation of operating processes. The OC would also have to develop 

recommendations for the design of the migration path. Key questions include: 

- What are the priorities in terms of retrofitting of freight wagons according to 

wagon types, industries, traffic, regions, routes etc.? 

- How can migration sequences be designed efficiently? 

- How can interfaces to traffic that uses existing screw couplings be managed? 

- How will the migration path be reflected in possible production and order 

quantities for the DAC? 

- When and where must the DAC be available? How can these considerations 

be integrated into a supply chain, workshop and conversion concept? 

Á DAC Agency: Optionally, the ñOperating Councilò of experts could be supported by a 

continuous operational unit. This agency could take responsibility for tasks including: 
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- Tracking user data (if required in the operating concept); 

- Performing analyses, e.g. before and during the migration; 

- Coordination and agreement between stakeholders, e.g. between DAC 

producers and DAC users as well as RIUs. 

Á DAC Arbitration Board: The establishment of a DAC Arbitration Board could also be 

considered as an option. In practice, there will be operational conflicts, e.g. regarding 

the availability of the DAC, access to infrastructure or modalities of user billing. 

Structurally, the Operating Council would support the Technical Standards Council in codifying 

technical and operational standards. It would also support the Technical Standards Council in 

drawing up specifications for the DAC. Operational requirements must be reflected in the 

technical specifications.  

The DAC Agency and DAC Arbitration Board could both be linked to the Operating Council. 

Due to the scope of its tasks, the DAC Agency would be in a continuous dialogue with the 

Operating Council and could be subordinated to it within a governance system that needs to 

be further detailed. The DAC Arbitration Board is a different case and would only take action 

when necessary. It would not be bound by instructions, but act on its own responsibility. 

Target organisation, financial/ administrative 

As the owner of the DACs, the DAC asset manager would be responsible for bringing together 

investors, and combining private capital and funding143 to finance the DAC migration. This 

could then be made available to the user for a fee. A number of activities and responsibilities 

would result from this situation, e.g. 

Á Physical asset management (depending on the selected business model); 

Á Administration of DAC use for its own DACs and possibly also as a service provider for 

DACs owned by other parties 

- Accounting, 

- Billing, 

- Collection, 

- Financing, 

- Investor reporting, 

- Maintenance/servicing (depending on the selected business model), 

Structurally, investors would finance one or more DAC asset managers. These, in turn, would 

be in service relationships with users and service providers as well as in a dialogue with 

regulators/supervisors and (public) funding institutions. 

In principle, every market player would be free to procure and supply DACs, e.g. using rental 

or leasing models. However, in order to promote the creation of a financing solution, and thus 

lower barriers to implementation, it would be sensible to enter into discussions with private 

investors at an early stage. These could include both existing and new investors. In this 

context, it would also be necessary to clarify the technical and economic framework conditions 

as well as the structure of the funding regime. This would include questions regarding the 

 
143See also Chapter 5.5 
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funding criteria as well as the eligibility of applicants. This information is important for attracting 

investors. Once this has been done, offers could be made, contracts put out to tender and 

awarded on a competitive basis. Digital technologies could be used to support the design of 

the billing system and the corresponding data requirements would have to be coordinated and 

supplemented with essential operating data.  

Target organisation, regulating 

The introduction of the DAC should result in a European initiative, and thus extend beyond the 

national level. This will require integration with European institutions and processes.144 

Responsibilities should therefore be clearly defined for the integration of the DAC at the 

European level. 

The tasks of a DAC representative could therefore be to set up a programme management 

system for the introduction of the DAC, prepare the legislative process and establish an 

implementation timeline. Management of interfaces with regulators/governments and 

communication with industry stakeholders are also required. 

5.6.4 Responsibilities 

Responsibilities for the various phases and aspects of the migration process must be defined. 

This involves providing descriptions of the tasks required for designing the regulatory 

framework as well as for the ramp-up and the 'steady stateô phases. The RACI145 methodology 

is used to describe the respective roles. 

Á Responsible: Who is responsible for carrying out the relevant task? 

Á Accountable: Who has the ultimate responsibility and must be held accountable? 

Á Consulted: Who contributes information and expertise? 

Á Informed: Who must be informed? 

Separately, it is also necessary to examine what effects the different wagon and DAC 

ownership structures have on the design of roles and responsibilities. Three cases can be 

distinguished here: 

Á The RU is also the wagon keeper;  

Á The RU or shipper/rail freight forwarder/CT operator leases wagons from the wagon 

keeper; 

Á The shipper is also the wagon keeper. 

In most cases, the roles are similarly distributed and do not differentiate according to wagon 

ownership. However, in the financial/administrative function block, the roles are more strongly 

differentiated because the ownership structure has an impact on the obligation to inform. For 

example, if financing is provided by the DAC asset manager, the DAC asset manager will also 

be responsible for financial processes such as accounting and billing. If the RU is the wagon 

keeper, the RU will inform the other parties; if the shipper is the wagon keeper, the shipper will 

inform the other parties. 

 
144 John Lutz et al, Governance of the interoperability framework for rail and intermodal mobility D3.2 Final Report on Regulatory 
Environment (2018), p. 18 
145 Smith, Michael; Erwin, James (2005). Role & Responsibility Charting (RACI) (PDF). Project Management Forum. p. 5 ff 
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Table 4 shows a possible design for another case. For each task within a function pool, an 

examination now determines which of the participants can assume one of the roles within the 

RACI framework. A number of responsibilities are identified in the technical and operational 

function block for the TSC and the OC. In the financial function block, the DAC asset managers 

would then take over the preparation of feasibility studies and development of financing offers 

before the introduction of the DAC. They would also settle accounts with users and investors 

for the use of the DAC after its introduction. 

Table 4: Roles and responsibilities according to function pools - Recommendations 

 

Abbreviations: RIU: Railway infrastructure undertaking; RU: Railway undertaking; Invest: Investor; OEM: DAC 

manufacturer; Reg: Regulator; S: Shipper; WK: Wagon keeper; DAC-AM: DAC Asset Manager; OC: Operating 

Council; Serv: Service company; TSC: DAC Technical Standards Council 

Source: hwh 

The table describes how roles can be designed based on the nomenclature introduced above. 

However, depending on limiting conditions or tasks of individual protagonists, yet to be 

detailed, adaptation of the above-mentioned roles may be necessary. For this reason, the table 

should be seen as a starting point for discussion. The funding regime could have an influence 

on the recipient and the resulting billing processes. For example, the availability and 

emergence of maintenance service providers for the DAC could also lead to new commercial 

models and risk transfers. Both would influence ownership structures and billing processes. 

RUs and shippers lease from wagon keepers

Function pool / Tasks R A C I

Technical

Definition of specifications OEM TSC + ERA OC Reg

Test technical suitability RU, (OEM) TSC + ERA W, V, Reg Reg

Evaluate technical suitability RU, (OEM) TSC + ERA W, V, Reg Reg

Technical modifications OEM OEM RU, W, V, Reg Reg

Liason int. stakeholders All, DAK-B TSC + ERA TSC TSC

Implementation of (technical and operational) approval ERA ERA RU, OEM Reg

Operational

Type of operational use of the DAC (and expansion) RU OC Ref Reg

Innovation scenarios for production model, D RIU, RU OC W, V, Reg Reg

Innovation scenarios for production model, cross-border (bilateral) RIU, RIU (int.), RU OC (+int.) W, V, Reg Reg

Innovation scenarios for production model, EU RIU, RIU (int.), RU OC (+int.) W, V, Reg Reg

Piloting of alt. production model (under various framework conditions) RU RIU W, V, Reg Reg

Statement of recorded adaptations to infrastructure in alignment with migration and degree of conversionRIU RIU W, V, Reg Reg

Migration paths for traffic RU, OC OC (+int.) W, V Reg

Derivation of ramp up demand #DAC RU, OC OC (+int.) W, V Reg

OMR: Operations RU RU W, V -

OMR: Maintenance & Repair (in leasing model DAC-AM, W, Service DAC-AM RU, V RU, V

Financial

Pricing of investment and maintenance costs for the DAC OEM OEM RU (Test) -

Negotiation of purchasing and maintenance conditions DAC-AM DAC-AM - RU, V

Allocation/Planning of production volumes RU OC W, V, OEM RIU, Reg, OEM

Tendering/ Awarding DAC-AM DAC-AM OEM

Purchasing DAC-AM DAC-AM

Development of financing solution Invest OC OEM, RU, W, V, Invest

Addressing investors OC (initial), DAC-AM OC (initial), DAC-AM -

Billing: Registration (if necessary) DAC-AM DAC-AM

Billing: Tracking deployment (metering) DAC-AM DAC-AM

Billing: Cost/benefit allocation DAC-AM DAC-AM OC W

Billing: Invoicing DAC-AM DAC-AM OC W

Billing: Collection DAC-AM DAC-AM

Billing: Investor reporting DAC-AM DAC-AM Invest

Communication

Transformation plan for sector OC, RIU, DAC-B Reg

Individual conversions RU, V RU, V

Regulatory

If applicable, rail pricing system when using DAC (modification) RIU Reg RU, W, V RU, W, V

Establishment of aid regulations Reg Reg RU, W, V RU, W, V

Regulation of network access, if applicable Reg Reg RU, W, V RU, W, V
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5.7 Regulatory implications and requirements 

Market failure is the basis for regulatory intervention.146 An examination will therefore be 

conducted to determine whether this is the case for the provision of a DAC. Its findings will 

show what level of state intervention is required. This affects both the national and European 

levels.  

State action is then highlighted along the strength of the intervention. The options here are ñno 

state involvementò, ñstate sets framework conditionsò, ñstate interventionò. Legal aspects will 

not be explored further.147 

However, the first step is to assess whether there is a market failure. Where market failures 

are identified, market forces do not lead to an efficient allocation of production factors. The 

reasons for this could include asymmetric distribution of information between protagonists and 

the existence of externalities. There are currently no indications that this could be a competitive 

but unstable equilibrium.  

For the sake of completeness, however, it must also be mentioned that the technology provider 

does not enjoy special status under competition law. This would in any case be a question that 

exceeds the scope of this study, and such an assessment is the sole responsibility of the 

competition authorities.  

5.7.1 Overview and evaluation of possible fields of action 

Information 

Information asymmetries between different market participants or groups, can be a reason for 

market failure. These can be caused, e.g. by high costs of information. In principle, this seems 

unlikely here. All coupling prices can be observed by all market players with reasonable effort. 

Likewise, terms of use, network access with the DAC and a funding scheme can be made 

available to all market players on a non-discriminatory basis. In this respect, it can be stated 

that asymmetric information would not be a cause of market failure for the DAC.  

There are uncertainties across the sector and different groups of market participants, due to a 

lack of information. However, these are not causally connected to their role in the market. This 

uncertainty relates to two particular factors: 

Á Technical standard: An adequate technical standard has not yet been identified. 

However, current efforts suggest that this will be established in the near future and can 

therefore be codified. Thus it is reasonable to expect that the public sector will not have 

to intervene. From today's perspective, it is anticipated that a consensus in the sector 

will lead to the introduction of the DAC. This could be supported by the state or EU 

through setting milestones and dates for an introduction of the DAC. More 

comprehensive regulatory measures can only be derived if this approach proves 

unsuccessful. 

Á Individual and system benefits: Previous work conducted within the present study 

has once again made it clear that a sharper understanding of individual and system 

benefits is required to promote rational and cost-effective action. As the migration 

 
146 ñWhat is it we mean by market failure? Typically, [é] failure of a more or less óidealized systemô  [é].ò F. M. Bator (1958) The 
Anatomy of Market Failure; Reasons for market failure: 1. Externalities, P. A. Samuelson, W. D. Nordhaus (2007): Economics ï 
The international standard reference work of macro and micro economics. 2. Asymmetric information (G. A. Akerlof (1970): The 
Market for Lemons: Quality Uncertainty and the Market Mechanism. In: Quarterly Journal of Economics. Volume 84, No. 3) 3. 
(In)stability of an efficient equilibrium e.g. through market power (A. Woll (1996): Economics. 12th Edition 
147 The contractor does not provide legal advice and is therefore not mandated to do so. 
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progresses, further data will become available, which will be included in this approach, 

e.g. cost structures (investments, operating costs, retrofitting costs, ...) or operating 

concepts. However, the individual market players are also called upon to develop such 

an approach for themselves proactively. Only in this way can they develop and 

articulate their expectations to a funding regime. This is also the condition that a funding 

programme achieves its allocative effect because it allows applicants to close a verified 

benefit gap that they understand on a rational level. Here, too, action by the public 

authorities could provide support. State intervention is not required at this stage. 

Existence of externalities 

Externalities are present when the price of an economic decision does not include all the costs 

that this decision entails. For example, they are present if third parties affected by the decision 

do not receive compensation for costs they have to pay. 

Here, there are a number of starting points that indicate the existence of market 

disfunctionalities. 

Á Network effects: The utility curves in the previous chapter showed that the benefits to 

the individual of using the DAC first decrease and then increase again with the 

conversion density. This is an externality. Benefit-oriented funding can be helpful as an 

accompanying measure.  

Á Cost burden of rail (in comparison): Studies quantify148 the difference in externalities 

between road and rail as being in favour of rail by more than a factor 3. This results in 

relative price distortions at the expense of rail ï and also affects the introduction of a 

DAC which must fit into this structure. To ñlevel the playing fieldò, unequal treatment of 

the railways should be eliminated. Furthermore, imbalances have also been identified 

in the approach to capital149 150 costs for train path prices and in technical regulations. 

It should be noted, however, that the data required to generate a precise comparison 

of the cost burden according to the mode of transport151 does not currently exist. One 

of the objectives of state action should be to reduce these imbalances. This does not 

justify direct regulatory intervention in the DAC environment. 

Á CO2 Footprint: This point is related to the previous point. However, it should be 

emphasised that the greenhouse gas emissions (GGE) from rail transport are lower 

than those for road and inland waterway transport by more than a factor of 6 and just 

under a factor of 2 respectively. Rail freight also lies significantly below road freight 

transport in terms of other emissions. This is the basis for discussions on emission 

reductions in the transport sector that are already underway. A reduction in competitive 

market distortions would therefore be welcomed by the rail freight sector. Other 

programmes of state-sponsored measures are already aiming to achieve continuous 

reductions in CO2 emissions.152 

 

  

 
148 Dekra (2019; retrieved 26.2.2020), Pro-Rail Alliance: Traffic loads with high follow-up costs, https://www.dekra.net/de/allianz-
pro-schiene-verkehr/ 
149Monopokommission (2019), 7th Sector Report on German Railway Markets: Quality and Competition on the Railway 
150 Böttger (2017), Comparison of estimated costs for modes of transport   
151 Monopokommission (2017), 6th Sector Report on German Railway Markets: Construction sites in competition policy 
152 IW (2018) CO2 Regulation in Europe - A Compendium - Version 4.0 
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Stability 

There is no evidence for the existence of an unstable equilibrium or a non-Pareto-optimal 

equilibrium, e.g. due to market power. It is anticipated that the DAC will be produced according 

to a uniform design and that any manufacturer will be able to use this design under a ñCommon 

Licenseò. This will create a level playing field from the outset and make it more difficult for a 

concentration of suppliers to emerge at a later stage. 

5.7.2 Accompanying measures to create confidence and security 

Irrespective of the existence or presumption of market failure, it is also legitimate to ask the 

following question: ñWhere can state action be helpful in promoting the implementation of the 

DAC?ò Here, too, there are fields of action which are neutral in terms of competition and could 

support the dynamics of the conversion process. 

Á Operating framework/processes: In principle, it makes sense to press for the 

harmonisation of operating processes. The objective of the DAC is to increase 

productivity in the sector. Non-harmonised procedures and outdated technical 

regulations are barriers that stand in the way of achieving this goal. If necessary, 

binding milestones should be agreed with state support. This is particularly justified 

because the individual productivity gains achieved by RUs also result in better 

utilisation of the publicly financed rail network. As this is a natural monopoly, operating 

in some areas at the limits of its capacity, the ability to run additional trains on the 

existing network is cheaper than expanding the capacity of the network. This reduces 

costs to the public purse. Harmonisation of the production system in conjunction with 

the technical standard discussed above can also lead to greater economic efficiency. 

Waiting times can be reduced and access to network capacity improved. 

Á Non-existent secondary market: As the DAC is a new technology, secondary 

markets have yet to develop. Used couplings would be traded on this market. These 

would become available if, for example, if a divergence emerges between the period of 

use for the wagons and the DAC, or if there is a change in the ownership of assets that 

results in the couplings being dismantled from the wagons. Secondary markets 

promote market transparency, ñprice discoveryò153 for a used asset and improved 

fungibility154 ï thus helping to reduce risk for the owner. A functioning secondary 

markets is an important risk management tool for investors and market participants, as 

it reduces the economic cost of ownership.155 

In order to make the implementation more robust, it makes sense to look at the initiative from 

the investor's perspective as well as the technical and operational aspects. Here, the focus 

should be on the European level. 

The European Investment Bank (EIB) is home to the European Fund for Strategic Investments 

(EFSI). This offers funding channels and processes that could also be used to finance a 

possible public sector holding in the DAC. The institutional framework created at the EFSI is 

modelled on existing frameworks used by other institutional investors. Private investors are 

also involved in its committees.  

 
153 Price discovery 
154

 Tradability 
155 A. Huag et al (2018) Risk Mitigation by Institutional Participants in the Secondary Market: Evidence from Foreign Rule 144A 
Debt Market (the economic role of secondary markets using traded debt as an example) 
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Fig. 50 shows the funding regime of the EFSI. Private and public sector applicants can obtain 

funding from the EFSI to finance strategic projects and cushion investor risks. The fund has 

various financing instruments at its disposal, which can be made available, e.g. as fully 

modified pass-through loans. 

Fig. 50: óFund for Strategic Investments (EFSI)ô funding regime 

 

Source: ConnectedValue Consulting GmbH, based on information of EIB 

5.7.3 Conclusion: Regulatory impact 

There are indications of market failures that could require state intervention. From today's 

perspective, the state or the EU compensate for imperfections in market mechanisms by 

exerting influence and supervising the introduction process. 

The utility curves discussed in the previous chapter, as well as the indications of structural 

disadvantages and externalities that work to the detriment of rail, underline the existence of 

implementation barriers that still need to be overcome. This can be addressed, e.g. by a 

benefit-based funding scheme, which should be based on an understanding of microeconomic 

and systemic benefits. The starting point for a funding scheme is a uniform technical standard 

(TSI-codified) and a binding date of introduction. As an accompanying measure, the aim should 

be to achieve a level playing field for different modes of transport (including the internalisation 

of CO2 emissions). This would justify a regulatory framework that aids the introduction of the 

DAC and allows the implementation to make rapid progress. If, on the other hand, regulatory 

intervention were required, a legal basis for this would have to be created. This would have to 

conform with European law even if it were promoted at the national level. Additional time for 

the relevant legislative procedures would have to be taken into account. 

During the implementation process, however, it must be determined whether it is possible to 

maintain the ñmomentumò. If it emerges that the agreed implementation milestones are not 

being met because the sector cannot maintain a consensus, further regulatory intervention 

should be considered. 
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6. Recommendations for action 

Based on the findings of the previous chapters, the following section develops a roadmap for 

the migration. It also offers a critical examination of the migration concept with a view to 

identifying possible barriers to implementation. Finally, it presents proposals for overcoming 

these barriers. 

6.1 Roadmap for the migration to the DAC 

6.1.1 Overview 

As already described in Chapter 5.1 ñFramework conditions for establishing a DACò, various 

requirements or milestones must be achieved before a migration to the DAC can be 

successfully implemented for the European RFT sector. The following function blocks have 

been identified: technology, operation, finance, regulation and coordination/communication. 

Assuming a migration period of six to eight years, and that migration to the DAC should be 

largely completed by 2030, the migration process should start in 2023/2024. 

The period from 2020 to 2023 would therefore have to be used intensively to meet all the 

implementation requirements for a successful migration to the DAC. The following activities 

and milestones will be essential: 

Fig. 51: Road map ï Overview 

 

Source: hwh 

Technology 

Á Functional requirements for the DAC must be drawn up within the framework of a DAC 

specifications document. These specifications should be used during subsequent 

work on standardisation of the DAC and revisions to TSI. A test concept must also be 

developed, coupling tests performed, and DAC demonstrators implemented for the 

various DAC prototypes. Only when these test results become available can a future 

European DAC standard be selected. The future European standard must be 

selected in 2021 (as early as possible) to prevent any delays to subsequent work. 
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Á A European standard should be developed for the selected DAC type to ensure that 

couplings of this type from different manufacturers are compatible with each other. 

Á Finally, technical regulatory requirements for the installation of the DAC in freight 

wagons and the use of DACs in freight trains must be established within the framework 

of a TSI revision. 

Operation/Migration planning 

Á Since operating procedures will change with the introduction of a DAC (and even more 

so when other automation components are used), new operating procedures must 

also be established throughout the EU in as standardised a manner as possible. 

Á Likewise, a coordinated EU-wide migration plan for retrofitting existing freight 

wagons should be developed and used as the basis for DAC production and workshop 

capacity planning. 

Á Before the roll-out of the DAC takes place in 2023/2024, a number of commercial 

pilot trains/transports should be put into operation with a DAC to gain further 

technical and operating experience with DAC trains. 

Business case/Financing 

Á All stakeholders, such as wagon keepers, RUs, RIUs, the railway industry, workshops 

and legislators at the EU and national levels, must carry out economic feasibility 

studies on the introduction of a DAC in order to identify the required entrepreneurial or 

funding activities. Similarly, potential external investors must develop business cases 

for investing in a DAC. The cost-benefit assessment developed as part of this study 

offers a structuring aid and possible approach for this purpose. 

Á Preparations for financing the introduction of a DAC must also be made. These 

measures range from approaching potential lenders or investors to establishing DAC 

asset management companies. 

Regulation 

Á In addition to the necessary revision of TSI already mentioned under the category 

Technology, a time frame with a start and end date for the conversion of existing 

freight wagons should also be defined.  

Á Funding programmes for the migration to a DAC should also be established at EU 

and, if necessary, at national level. In the view of the authors of this study, these three 

regulatory measures are fundamental to the success of the DAC migration. 

Coordination and communication 

Á There are many interdependencies between the above measures. Various milestones 

must be achieved before, for example, a commercial pilot service can be established 

and initiated. Consequently, there is a strong need for professional, neutral and EU-

wide coordination of the preparation and implementation of a DAC migration. This 

requires a central coordination or project management office. 

Á Continuous communication and a regular flow of information to all stakeholder 

groups must also be ensured. 

The following chapters present the respective detailed timetables for the individual categories. 
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6.1.2 Roadmap ï DAC Technology 

The objectives of the Technology function block are to define a standard DAC for use 

throughout the EU and to fulfil all the requirements for this standardisation and the approval of 

the DAC. 

The ñDAC Technologyò roadmap can be divided into four sections: 

Á Functional requirements/DAC test concept; 

Á DAC tests and demonstrators; 

Á Standardisation of DAC; 

Á TSI revision. 

As of April 2020, some activities related to the above-mentioned points have already been 

initiated: 

Á As part of the work on the present study, and in cooperation with the DAC industry 

platform of the Technical Innovation Circle for Rail Freight Transport, a specification 

and test concept for the DAC was produced and distributed within the sector (see 

appendix 3). 

Á In February 2020, the BMVI invited tenders for a research project to demonstrate, test 

and approve the digital automatic coupling for rail freight transport. Tests on the DAC 

and a DAC demonstrator train are due to take place in the period from 2020 to 2022. 

In September 2020, testing of various DAC types will also begin in Sweden as part of 

the initiative run by Trafikverket/Green Cargo. 

Á At the end of March 2020, an official application for a project on standardisation of a 

DAC was submitted to the experts at CEN/TC 256/SC 2 ñRolling Stock Productsò. 

Similarly, a survey was initiated for the adoption of the proposal to the European 

ñNational Standardisation Bodiesò.   

Á Within the framework of the ERA's Topical Working Group ñFreightò, the DAC is to be 

considered in the TSI revision. 

The respective steps towards achieving a sector-wide agreement on a standard DAC have 

already been described in Chapter 5.2. For this reason, only the detailed schedule for the work 

package ñTechnologyò is presented below without further explanation. 

In addition to the activities described in Chapter 5.2 and in the timetable below, there is another 

topic that must be considered: the development of standardised communication protocols for 

an intra-train communication system that is yet to be finalised. It is true that this set of tasks 

cannot be directly counted among the activities necessary for the introduction of a DAC. 

However, the present study has repeatedly highlighted the fact that a DAC can deliver 

significant productivity gains in other areas ï particularly through its interaction with other 

automation components, such as automatic brake or train integrity tests. However, uniform 

communication protocols are essential to ensure that the various automation components from 

different suppliers are able to communicate with each other and, most importantly, with the 

locomotive and driver. This will require the development of ñsoftware stacksò based on a pre-

selected communication technology (hardware decision). The development of these should 

also be promoted as early as possible using an EU-wide approach. 
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Fig. 52: Roadmap ï DAC Technology 

 

Source: hwh 
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6.1.3 Roadmap ï DAC Operation 

In the operational function block, the institutional framework must first be established with the 

founding of the Operating Council (see Chapter 5.6). The Operating Council will start work, 

develop migration scenarios/migration planning and coordinate the implementation of pilot 

transports and the subsequent roll-out. 

The development of a detailed migration plan ï coordinated throughout the EU ï is essential 

to provide the railway industry and workshops with a reliable basis for planning the expansion 

of their capacity (DAC production and workshop). 

The development of new operating processes for freight wagons/trains with DACs, and 

possibly other automation components, is another important and complex area for 

consideration. To this end, new operating procedures with the DAC must be analysed and 

defined, and risk analyses performed. Importantly, due to the introduction of a DAC, RUs 

cannot all issue their own operating regulations ï doing so would result in an ñuncontrolled 

proliferationò of operating regulations in the EU. Instead, the introduction of a DAC and 

automation components should lead to the extensive standardisation of operating processes 

for an ñintelligent freight trainò.  

Before the EU-wide migration to a DAC begins, it is recommended that several commercial 

pilot trains/transports be established in order to gain further operational and technical 

experience with the DAC, in addition to the DAC tests and DAC demonstrators. These 

commercial pilot trains will naturally require a licence for operating with DACs and can 

therefore only enter service from 2023. 

Potentially, the roll-out of the DAC could then be started from 2023/2024. As already described 

in Chapter 5.4.4, largely closed transport systems (block train transports and combined 

transports) should be the first to be equipped with a DAC. In the second phase, the roll-out 

should then be extended to freight wagons which are mainly required in wagon groupage and 

single wagonload transports. 

Fig. 53: Roadmap ï DAC Operation 

 

Source: hwh 
































































