
TERMINET is a strategic and tactic project researching new possibilities for intermodal
freight transport in Europe. It investigates innovative bundling- and new-generation
terminal concepts and analyses their technical and economical feasibility for the Euro-
pean transport network. Innovative network concepts are involved with new ways to
combine transport units or load units, new technologies and the development of new
network links. New-generation terminals are highly automated and robotised, have inte-
grated operations and have a compact layout.

The TERMINET research resulted in new network and terminal designs, cost and per-
formance analyses, simulation and animation tools and an identification of implementa-
tion barriers.

The TERMINET study was performed by a Consortium of 8 partners:
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• Technische Universiteit Delft (Delft University of Technology), The Netherlands
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• Economic & Social Institute Free University (‘ESI VU’), The Netherlands
• Noell Stahl und Maschinenbau Gmbh (‘NOELL’), Germany
• Tuchschmid Engineering AG (‘TUCHSCHMID’), Switzerland,
• Cranfield University Centre for Logistics and Transportation (‘CCLT’), United King-

dom
• Technical Research Centre of Finland, VTT Communities and Infrastructure (‘VTT’),

Finland
• Centro Ricerche Applicate All'Economia E Alle Scienze Sociali (‘CERIAS’), Italy
• Facultés Universitaires Catholiques de Mons (‘FUCAM’), Belgium

The research study has been co-ordinated by F. Minarini and P. Mercier-Handisyde in
the framework of the activities of the R&D division of DG Transport.

The project covered a period from 1 January 1997 till 1 January 2000.
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Due to the increasing pollution and congestion of road transport, intermodal transport is
an issue high on the agenda of public and private actors in the transport industry. Euro-
pean and national governments stimulate intermodal transport in order to realise a mo-
dal shift. Shippers mention the poor cost quality ratio1 and the involvement of many ac-
tors as barriers for a modal shift. In the past, many innovative plans and projects in bun-
dling and transhipment were developed, and although the ingredients seem to be there,
these plans have barely resulted in a real jump forward in the quality of intermodal
transport. The best possible result nowadays seems to be the introduction of new point-
to-point shuttle connections on transport links with a substantial volume. However, the
point-to-point shuttle approach implicates that relations with small flows and short dis-
tances in the collection and distribution network are left over to the road sector. Other
bundling concepts are needed, but they require a substantial drop in the costs, a raise in
the quality or both, to make more complex bundling models feasible, i.e. bundling models
that have additional transhipment at intermediate terminals for bundling purposes. These,
however, cause more complicated operations at the nodes, that conventional terminals or
shunting yards cannot execute. For this, a new generation of intermodal terminals is re-
quired.

In recent past years, various terminal equipment manufactures have presented new termi-
nal concepts for intermodal transport, the manufacturer of this new-generation terminals
claim more efficient operations, shorter handling times and lower costs compared to
conventional operations, thanks to automation and new and compact layouts.

The TERMINET research project is based on the following expectations:
• complex bundling models need smart (robotised) operations;
• automated and robotised transhipment will allow more complex bundling models;
• large volumes, in the future, will allow fast large scale robotised transhipment;
• small intermodal volumes will lead to innovative bundling concepts in order to reach a

substantial improvement of the cost quality ratio;

                                                
1 The criteria of the cost-quality ratio are: utilisation rates, frequencies, costs, speed, cycle times and

reliability.
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• innovative networks in combination with new-generation terminals will lead to a qual-
ity jump in intermodal transport.

The central objective of TERMINET is to identify promising innovative developments for
the bundling of networks and new-generation terminals for combined unimodal and inter-
modal transport within Europe2.

Promising developments are those which lead to a substantial improvement of the cost
quality ratio. This means an improvement of one or several of the following indicators:
• shorter lead times in the chain and thus in the nodes and terminals, too;
• higher transport frequencies;
• more destinations to be reached, also on medium and relative short distances;
• better services for small shipments and small flows;
• higher reliability;
• more flexibility in time and location;
• more suitable operation times for shippers and other customers at terminals;

The knowledge needed to respond to the project’s central objective and the major
research projects was developed gradually. Hereto the project was divided into 9
workpackages, which can be seen as 9 research tasks. WP1 and WP2 have an inventorial
character, while the subsequent WP’s are more analytical. The investigation (WP1) and
identification (WP3) of innovative networks and the investigation (WP2) and identification
(WP4 task 1) of new-generation terminals started separately and continued integrally for
both subjects in WP4 task 2. In WP5 indicators and criteria for costs and performance
have been formulated from the perspective of the ‘client’. WP6 investigates which
harmonisation measures at an EU level could improve the feasibility of new-generation
operations. Five cases were selected in WP4 task 3, being Metz, Valburg, Busto Arsizio,
Venlo and Duisburg. Case studies (WP7) have been elaborated in order to design
innovative networks and new-generations terminals for realistic nodes. Based on these
designs terminal investment and costs calculations have been and chain costs comparisons
have been made between unimodal road and intermodal transport with new-generation
terminals and innovative networks. Business plans have been elaborated to further analyse
the economical feasibility of the case studies (WP8 task 1). Furthermore, implementation
barriers have been investigated  (WP8 task 2). In WP9 the case studies and feasibility
conclusions were generalised and combined with the conclusions of the other WP’s.

The major results and conclusions of Terminet are:
• There is a hierarchy of networks in which the size of flows is the central factor.

Wherever the flows are sufficient to allow large transport units to move with high
loading degrees, on the desired frequency level, and to a large number of destination
terminals, begin-end-operations deserve priority. However, given a certain departure
frequency, complex bundling concepts allow integration of rather small rail-road or                                                

2 In the following parts of this report ‘combined unimodal and intermodal transport’ will be called
‘intermodal transport’.
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barge-road terminals into the network. And given a certain network and terminal
volume, complex bundling concepts allow a relative high departure frequency from
any begin-end-terminal, compared to begin-end-operations. In other words, the
complex bundling concepts integrate small flows and allow operating with small
begin-end-terminals and at the same time to generate the quality and cost features of
large-scale operations. Hub and spoke networks will be more suitable for medium-
sized flows with medium to long distance. Trunk-collection-distribution networks
are rather suitable for small flows with long distances. Line networks with loading
at begin-end and line-terminals at the beginning of a journey and unloading at the
end should have longer distances. Line-networks with (un)loading at any line-
terminal may be suitable for smaller distances as well and therefore for regional
networks.

• The crucial problem of the feasibility of new-generation terminals is that costs can
hardly be compared with costs of conventional terminals and shunting, for two rea-
sons. First, existing terminals and shunting yards are subsidised and/or these termi-
nals/shunting yards are already depreciated, with the consequence that only opera-
tional costs are considered, while in the cost calculations for new investments all
costs are considered. Furthermore, the cost analyses clearly show that the actual tar-
iffs do not cover the real costs (capital and operational costs) of existing terminals
and shunting yards.
New-generation terminals demand large volumes (>200.000 load units) before the
terminals start to be economical feasible. This implies that especially in the start up
phase financial support is necessary or a more scalable set-up of new-generation
terminals is needed.

• Another problem is that high investment costs are located at the nodes, while most
advantages occur in the network. Therefore a redistribution of income, from the
links to the terminal, is necessary to make the implementation of new-generation
terminals more feasible. Co-operation and chain management are needed to enable
the introduction of new-generation terminals.

• Most important barriers which hamper implementation of new-generation terminals
at this moment are:
- Lack of clear statements about benefits and costs of new-generation terminals

and complex networks.
- Large dependency the development of complex networks, which hardly exists

except for networks which use shunting yards.
- Practical and operational problems such as break tests, pin setting, seal and

damage checks, change of locomotives and train drivers at borders, change of
locomotives at terminals and priority for passenger trains on congested rail infra.

- Lack of clear fall back procedures that are needed in case the new-generation
terminal operations fail. This especially applies to operations with largely de-
pend on automation and robotisation.

- Limitation of easy access of test facilities for potential adopters. However,
Krupp, Noell and Transmann have a test site.
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- Accessibility of information. Many actors in the transport field hardly know
which information is available. And if they do, it is not easy to access this in-
formation, either because information is only disseminated among researchers
and policy makers, publication of reports takes place one year or more after fin-
ishing a study or results are not public.
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���� 3UREOHP�GHVFULSWLRQ

Due to the increasing pollution and congestion of road transport, intermodal transport is
an issue high on the agenda of public and private actors in the transport industry. Euro-
pean and national governments stimulate intermodal transport in order to realise a mo-
dal shift. Shippers mention the poor cost quality ratio3 and the involvement of many ac-
tors as barriers for a modal shift. In the past, many innovative plans and projects in bun-
dling and transhipment were developed, and although the ingredients seem to be there,
these plans have barely resulted in a real jump forward in the quality of intermodal
transport. The best possible result nowadays seems to be the introduction of new point-
to-point shuttle connections on transport links with a substantial volume. However, the
point-to-point shuttle approach implicates that relations with small flows and short dis-
tances in the collection and distribution network are left over to the road sector. Other
bundling concepts are needed, but they require a substantial drop in the costs, a raise in
the quality or both, to make more complex bundling models feasible, i.e. bundling models
that have additional transhipment at intermediate terminals for bundling purposes. These,
however, cause more complicated operations at the nodes, that conventional terminals or
shunting yards cannot execute. For this, a new generation of intermodal terminals is re-
quired.

In recent past years, various terminal equipment manufactures have presented new termi-
nal concepts for intermodal transport, the manufacturer of this new-generation terminals
claim more efficient operations, shorter handling times and lower costs compared to
conventional operations, thanks to automation and new and compact layouts.

The TERMINET research project is based on the following expectations:
• complex bundling models need smart (robotised) operations;
• automated and robotised transhipment will allow more complex bundling models;
• large volumes, in the future, will allow fast large scale robotised transhipment;

                                                
3 The criteria of the cost-quality ratio are: utilisation rates, frequencies, costs, speed, cycle times and

reliability.
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• small intermodal volumes will lead to innovative bundling concepts in order to reach a
substantial improvement of the cost quality ratio;

• innovative networks in combination with new-generation terminals will lead to a qual-
ity jump in intermodal transport.

���� &HQWUDO�REMHFWLYH�DQG�PDMRU�UHVHDUFK�TXHVWLRQV

The central objective of TERMINET is to identify promising innovative developments for
the bundling of networks and new-generation terminals for combined unimodal and inter-
modal transport within Europe4.

Promising developments are those which lead to a substantial improvement of the cost
quality ratio. This means an improvement of one or several of the following indicators:
• shorter lead times in the chain and thus in the nodes and terminals, too;
• higher transport frequencies;
• more destinations to be reached, also on medium and relative short distances;
• better services for small shipments and small flows;
• higher reliability;
• more flexibility in time and location;
• a better accessibility of terminals;
• more suitable operation times for shippers and other customers at terminals.

By answering the following major research questions we want to achieve the central
objective of the TERMINET research project:
1. Which innovative bundling networks and new-generation terminals for intermodal

freight have recently been or are being developed and implemented in Europe?
2. If we analyse these innovative developments can certain trends, chances and threats be

discovered? Do the new bundling concepts and terminal concepts match functionally
and technically? Which concepts in which regions and which corridors for which
transport markets show the most promise?

3. Will the new-generation terminals function as expected in innovative bundling
concepts? Can this be shown in actual case studies? Which technical, operational and
spatial concepts and designs lead to the best performance and costs?

4. What exactly are the performances and costs that new-generation terminals and
terminal-nodes have to meet? Which criteria and indicators which are specific towards
the bundling and new-generation qualities?

5. Can the identified promising innovative directions be confirmed by feasibility studies?
If not, can economic and/or other measures make promising innovations feasible after
all?

6. What contribution can harmonisation make to the functional and economic feasibility
of new-generation operations?

                                                
4 In the following parts of this report ‘combined unimodal and intermodal transport’ will be called

‘intermodal transport’.
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7. What final conclusions can be drawn and recommendations made to encourage and
support new-generation terminals and innovative operations in the field of intermodal
transport within Europe?

���� 6WUXFWXUH�RI�WKH�7(50,1(7�SURMHFW

The knowledge needed to respond to the project’s central objective was developed
gradually. Hereto the project was divided into 9 workpackages, which can be seen as 9
research tasks (Figure 1.1). The backward arrows in Figure 1.1 represent feedback activi-
ties. Feedback might result in new insights which will be incorporated in the project by
evaluating results of finished workpackages. This might result in recalculations.

WP1 and WP2 have an inventorial character, while the subsequent WP’s are more
analytical. The investigation (WP1) and identification (WP3) of innovative networks and
the investigation (WP2) and identification (WP4 task 1) of new-generation terminals
started separately and continues integrally for both subjects in WP4 task 2. In WP5
indicators and criteria for costs and performance have been formulated from the
perspective of the ‘client’. WP6 investigates which harmonisation measures at a EU
level could improve the feasibility of new-generation operations. Five cases are selected
in WP4 task 3. Case studies (WP7) will deepen the knowledge about promising
innovative directions. Business plans are used to analyse the feasibility of the case
studies (WP8 task 1) and implementation barriers are investigated  (WP8 task 2). In
WP9 the case studies and feasibility conclusions are generalised and combined with the
conclusions of the other WP’s. Appendix 1 provides a detailed overview of the main
objectives of each workpackage. The research outcomes of the various workpackages
have been published in 15 deliverables. Appendix 2 provides an overview of the
produced deliverables.

���� 2XWOLQH�RI�WKLV�UHSRUW

This report focuses on the main outcomes of Terminet. However the smaller results and
applied methodology are covered, too. In Chapter 3 (and Appendix 1) for each workpack-
age (task) the main objective, applied methodology and major results are shorlty described.
For a better understanding of the context of Terminet a background chapter (2) about inno-
vative networks and new-generation terminals has been included. Chapter 2 describes the
main theories behind the Terminet project and the major new fundamental insights which
have been obtain during the course of the Terminet project. An important task in the Ter-
minet study were the five cases studies in which innovative networks and new-generation
terminals have been design. The major characteristics and major design outcomes are pre-
sented in Chapter 4. Based on the findings of the case studies, which are rather case spe-
cific, a more general vision will be elaborated in Chapter 5. First, in Chapter 5 a few very
promising concepts are presented. Next, a vision is presented of a
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feasible and promising future for intermodal transport with innovative networks and
new-generation terminals. Chapter 6 investigates implementation barriers which still
could hamper implementation of these promising networks and new-generation termi-
nals. The economical feasibility of new-generation terminals is also discussed in Chap-
ter 6. Finally, in Chapter 7 the conclusions of the Terminet project are presented and
worthwhile recommendations are discussed.

)LJXUH���� 6WUXFWXUH�RI�WKH�SURMHFW

Background report

:3��

Inventory inno-
vative bundling
concepts in Europe

:3��

Inventory NG-
terminals and
node concepts in
Europe

:3��

Analysis of innova-
tive bundling con-
cepts by modelling
with GIS

:3��

Analysis of NG-
terminal and
node concepts

:3��

Indicators and cri-
teria for innovati-
ve bundling and
NG-terminals and
nodes

:3��

Standardisation
and compatibi-
lity in NG-
operations

Integrative analysis of innovative bundling
and NG-terminal and node concepts

Choice of (terminal)nodes for case studies in
WP 7

:3��

Analysing perfor-
mance effects of
terminal designs in
five cases by disign
and simulation

:3��

Business plans and
analysis of the fea-
sibility of terminal
designs of WP 7

:3��

Integral indentification of probable, worthwhile and missing innovation directions. Recommenda-
tions of public and private measures to encourage and support the development and implementation
of NG-terminals, -nodes and -bundling networks.

NG = new-generation
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���� 7RZDUGV�D�EHWWHU�FRVW�TXDOLW\�UDWLR�RI�LQWHUPRGDO�WUDQVSRUW

Intermodal transport is to play an important role in the development of a more sustain-
able freight transport. However, in practice the average intermodal rail transport is still
not covering its costs. This is partly because intermodal transport has to compete with
unimodal road transport, which offers relatively fast, door-to-door transport and in
many cases has a better cost-quality ratio than intermodal transport (Wiegmans, Ma-
surel and Nijkamp, 1998a). This is mainly due to transhipment times and costs. Also,
intermodal rail transport still suffers from a lack of efficiency and market orientation of
the train system, while it seems that road transport has become even more efficient in
the past years. As a result, intermodal transport is hampered severely to gain a larger
market share.

To improve the competitiveness of intermodal transport, a quality leap seems necessary,
to make node and link operations substantially more efficient. This is not just a matter
of a higher quality and lower costs; in fact improvement of quality may in some cases
lead to higher costs. Most important however, is to achieve a substantial better cost-
quality ratio.
As far as quality is concerned, improvement should focus on the following aspects:
a) a reduction of the integral lead time in the door-to-door transport chain. The shipper

then has his products sooner at his disposal. Also, less transport equipment and load
units are needed, due to the faster circulation time. In the third place, there is a po-
tential enlargement of the market area, as the transport radius is increased due to
shorter terminal times. Also, better opportunities exist to realise more favourable
departures and arrival times of transport units at terminals;

b) higher transport frequencies imply that the intervals between transport services be-
come smaller, thereby reducing the waiting time for freight. Higher frequencies in
turn will have a positive effect on the required stack facilities at terminals, as well as
on the rental cost savings of shippers;

c) in order to play a more important role in transport markets, intermodal transport
must be able to provide services for more destinations, also on relative short dis-
tances and for small flows, also in the case of pre and end haulage;

2
INNOVATIVE NETWORKS AND THE ADVAN-
TAGES OF NEW-GENERATION TERMINALS
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d) higher reliability is vital for the necessary reduction of buffers and is therefore di-
rectly related to costs. The costs of unreliability have become of growing impor-
tance, mainly as a result of the emergence of just-in-time deliveries;

e) more flexibility is necessary, mainly for capacity adjustments, in time and space;
f) more suitable operation times are important to realise favourable interconnections

between links in the transport chain and for the optimising of terminal efficiency;
g) more attention should be paid to sustainability, as this may become a competing

quality dimension as well on the long term.
Because of the usual focus on costs as a competition factor, it is generally supposed that
the costs of intermodal transport need to go down. On the other hand, for time sensitive
freight it is imaginable that the costs may increase, if quality improvements compensate
for this.

���� 7KH�QHHG�IRU�QHWZRUN�DQG�WHUPLQDO�LQQRYDWLRQ

Improvement of the quality of intermodal transport has much to do with the intensifica-
tion and expansion of services: intensification in time, by implementing higher transport
frequencies, and expansion in space, by serving more destinations.
However, in current practice the fierce competition between intermodal and road trans-
port has encouraged a strategy focused on minimising the costs of intermediate tran-
shipment or shunting, leaving collection and distribution completely to the road sector.
This has resulted in an increase of relatively large-scale, direct terminal-to-terminal
shuttle services, which require a substantial threshold volume in transport services and
in terminals. In the case of smaller flows, this can only be achieved by bundling of sev-
eral flows. However, this requires innovative bundling networks, that are more complex
than the shuttle concept and accordingly demand complex node operations. If executed
by the present conventional terminals or shunting yards, these operations would in-
crease the time and financial costs of intermodal transport and thus undermine its com-
petitiveness. Therefore innovation of terminals is necessary.

���� &RPSOH[�EXQGOLQJ�QHWZRUNV

Bundling is the process of transporting cargo, which belongs to cargo flows with differ-
ent origins and/or destinations in common transport and/or load units on common parts
of their routes. Figure 2.1 shows conventional direct begin-end bundling, compared to
the complex bundling as it is applied in innovative bundling networks. Complex bun-
dling concepts have intermediate nodes for bundling purposes. There, load units are re-
sorted or transport units are reassembled. Thus, trains or push barges are assembled,
which are loaded with units that have in common that they all need to go to the follow-
ing intermediate terminal in the chain, even though they may have different end termi-
nals.
By complex bundling three main advantages can be achieved (see also Figure 2.1):
a) a higher load factor of transport units or load units;
b) a higher transport frequency;
c) a larger number of destinations from each begin terminal.
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While a) refers to the reduction of costs, b) and c) refer to improving the quality of in-
termodal services. An alternative for increasing the transport frequency is the enlarge-
ment of economies of scale by using larger trains or barges.

)LJXUH���� 'LUHFW�EHJLQ�HQG�EXQGOLQJ�YHUVXV�FRPSOH[�EXQGOLQJ�RI�FDUJR�IORZV

B

direct begin-end bundling                          complex bundling

  A

A

 transhipment    transhipment

transhipment    transhipment

detour

detour

higher load factor

higher transport frequency

B A B

D

C D

C D

C

LEGEND:

partly loaded trains,
barges or load units

fully loaded trains,
barges or load units

Source: Vleugel and Kreutzberger (2000).

Figure 2.1 also shows some disadvantages of complex bundling:
a) the additional transhipment or shunting costs time and money and is likely to reduce

the door-to-door reliability of the transport chain;
b) the detours of routes for most transport services, compared to direct terminal-to-

terminal services, increase time and costs.
The best bundling concept in each situation is the one that creates the optimum balance
between the advantages and disadvantages mentioned above. The additional costs
should be compensated by the advantaged of new-generation node operations.

Several basic concepts of complex bundling networks may be distinguished (Figure
2.2). Their main characteristics and typical nodes are:
1. the begin-end network (BE-network) is a network with direct transport services be-

tween two begin-and-end nodes. It has no intermediate nodes;
2. a hub-and-spoke network (HS-network) has one unimodal intermediate node, the

hub (H-node). The major difference between the one-directional (2a) and the all-
directional hub-and-spoke network (2b) is the number of nodes involved in the ex-
change. In the latter case the number is higher and the hub-terminal has to perform
on a higher level. The hub-and-spoke network can have continuous or broken
chains. Continuous chains lead to less exchange at the hub, broken chains may allow
better utilisation rates of trains or barges per spoke;

3. a trunk-collection-and-distribution network (TCD-network) has two unimodal in-
termediate nodes, the collection-and-distribution nodes (CD-nodes), connecting the
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trunk route and the CD-network. Trains or barges on the CD-network will be
smaller or have lower frequencies than those on the trunk route;

4. the line network (L-network) has one or more multimodal intermediate line nodes
(L-nodes). In separated line networks (4a) load units are loaded or unloaded at line
nodes; in diffuse line-networks (4b) loading and unloading takes place at the same
line node;

5. the trunk-feeder network (TF-network) has several unimodal feeder nodes (F-node)
on the trunk route. Feeder trains or barges are likely to have the same characteristics
as CD-trains or barges. Separated (5a) and diffuse trunk-feeder networks (5b) may
be distinguished.

Figure 2.2 only shows the network for the main modality, without the pre- and end-
haulage per truck and additional local or regional networks.
If the volumes of freight flows are not sufficient to fill a direct begin-end train or barge
on the required frequency level, one of the complex bundling concepts will have to be
applied. Alternatively, the freight can be transported directly by small transport units,
such as trucks. As the costs and geographical factors are changing continuously, the
search for the optimal bundling concepts and the adjustment of existing bundling con-
cepts is a continuous activity of the transport sector.

A final aspect of complex bundling networks that should be explained is the difference
between (network-)simultaneous and (network-)sequential transhipment.
Simultaneous or direct transhipment takes place from one train or barge to another,
taking only one handling (i.e. one crane move). In contrast to this, in case of sequential
or indirect transhipment, load units are moved between trains or barges indirectly, i.e.
via a stack, which takes at least two handlings. This takes more time and is often more
expensive than simultaneous transhipment. Therefore, simultaneous exchange at feeder,
hub and CD-nodes, if possible, has quality and cost advantages. Sequential exchange is
an option, if either the trunk or all feeder lines have several daily harmonised services.
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)LJXUH����� %XQGOLQJ�FRQFHSWV�DV�XVHG�LQ�7(50,1(7�

  5a                        separated TF-network

B and F: B E and F: E

  4b                          diffuse L-network

  E and L: B+ EB and L: B+ E

  4a                         separated L-network

B and L: B E and L: E

                  B           CD                 CD           E

  BE

H

  5b                         diffuse TF-network

B and F: B+ E          E and F: B+ E

LEGEND:

terminals:
B =  begin terminal,
E =  end terminal,
H =  hub terminal,
CD =  collection-and-
distribution terminal,
L =  line terminal,
F =  feeder terminal;

networks:
BE =  direct begin-and-
end terminal network,
HS =  hub-and-spoke
network,
TCD =  trunk-collection-
and-distribution network,
L =  line network,
TF =  trunk-feeder
network.

       B                        E                B            H         E

1          BE-network               2a one-directional HS-network  2b all-directional HS-network

3                              TCD-network

Source: Terminet (1999).

���� )UHTXHQFLHV�DQG�YROXPHV��DQ�H[DPSOH

An important step on the way to identify promising networks is to compare the net-
works, and to do this for different economic geographical situations. Of course the in-
volved networks have to be comparable. This is the case if:
a) they have the same number of begin, end or begin-end node;
b) the distances between the nodes is the same;
c) they either have the same volume between all being and end nodes (volume ap-

proach) or have a comparable number of services per begin node (frequency ap-
proach).
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A comparison between bundling concepts in terms of volumes and frequencies is made
in Figure 2.3 and Figure 2.4. The example includes all networks of Figure 2.2, except
all-directional hub-and-spoke networks and diffuse line and trunk-feeder networks, as
these have different numbers of begin, end or begin-end nodes.
All trunk trains in the example are 400m. long, which, with a loading degree of 80%,
means that it has 28 load units at an average (56 back and forth).

)LJXUH����� 9ROXPHV� DQG� IUHTXHQFLHV� LQ� WKH� YROXPH� DSSURDFK�� L�H�� YROXPHV� RI
HDFK�EXQGOLQJ�FRQFHSW�DUH�WKH�VDPH��EROG���IUHTXHQFLHV�GLIIHU��LWDOLF��

B-terminal: 56 units  x��ZHHN  x  5 branches  ��������XQLWV
x 50 weeks

network: 56 units  x��ZHHN  x  25 branches  ��������XQLWV
x  50 weeks

B-terminal: 56 units  x��ZHHN  x  1 branch  ��������XQLWV
x  50 weeks

network: 56 units  x��ZHHN  x  5 branches  ��������XQLWV
x  50 weeks

B-terminal: 56 units  x���ZHHN  x  1/5 branch  ��������XQLWV
x  50 weeks

network: 56 units  x���ZHHN  x  1 branch  ��������XQLWV
x  50 weeks

B-terminal: 56 units  x���ZHHN  x  1/5 branch  ��������XQLWV
x  50 weeks

network: 56 units  x���ZHHN  x  1 branch  ��������XQLWV
x  50 weeks

B-terminal: 56 units  x���ZHHN  x  1/5 branch  ��������XQLWV
x  50 weeks

network: 56 units  x���ZHHN  x  1 branch  ��������XQLWV
x  50 weeks

Source: Terminet (1999).

With respect to the volume approach (Figure 2.3), an annual network volume is as-
sumed of 70,000 load units. Each begin and end terminal therefore has an annual tran-
shipment of 14,000 units. This amount allows the following frequencies:
a) once a week per begin-end terminal in a begin-end network;
b) 5 times a week from each begin-end terminal in a hub-and-spoke network;
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c) 25 times a week from each begin-end terminal in a TCD-, line or trunk-feeder net-
work;

The conclusion is that the complex bundling allows to offer much frequenter services,
compered to begin-end networks.

)LJXUH����� 9ROXPHV�DQG�IUHTXHQFLHV�LQ�WKH�IUHTXHQF\�DSSURDFK��L�H��IUHTXHQFLHV
RI�HDFK�EXQGOLQJ�FRQFHSW�DUH�WKH�VDPH��EROG���YROXPHV�GLIIHU��LWDOLF��

B-terminal: 56 units  x  ��ZHHN  x  5 branches  ���������XQLWV
x 50 weeks 

network: 56 units  x  ��ZHHN  x  25 branches  ���������XQLWV
x  50 weeks 

B-terminal: 56 units  x  ��ZHHN  x  1 branch  ���������XQLWV
x  50 weeks 

network: 56 units  x  ��ZHHN  x  5 branches  ���������XQLWV
x  50 weeks 

B-terminal: 56 units  x ���ZHHN  x  1/5 branch  ���������XQLWV
x  50 weeks 

network: 56 units  x ���ZHHN  x  1 branch   ���������XQLWV
x  50 weeks 

B-terminal: 56 units  x  ��ZHHN  x  1/5 branch  ���������XQLWV
x  50 weeks 

network: 56 units  x  ��ZHHN  x  1 branch   ���������XQLWV
x  50 weeks

B-terminal: 56 units  x  ��ZHHN  x  1/5 branch  ���������XQLWV
x  50 weeks 

network: 56 units  x  ��ZHHN  x  1 branch   ���������XQLWV
x  50 weeks

Source: Terminet (1999).

In case of the frequency approach (Figure 2.4), it is assumed that each begin terminal
has a weekly frequency of 5 trains to each end terminal. In a begin-end network each
destination has to be served separately (i.e. 25 branches), which means a network vol-
ume of 350,000 units is required, 70,000 per begin-end terminal. In a hub-and-spoke
network the destinations can be served together (i.e. 5 branches), which implies that the
required volume per begin-end terminal is 14,000 units per year. In a TCD-, line or
trunk-feeder network this would be 2,800 units. The conclusion is that a certain fre-
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quency can be achieved by relative small BE-terminals in complex bundling concepts,
compared to begin-end networks.

���� 7KH�DGYDQWDJHV�RI�QHZ�JHQHUDWLRQ�WHUPLQDOV

For the performances of complex bundling networks the quality of the terminals is es-
sential. Conventional terminals in most cases do not meet the performance requirements
of complex bundling networks, because they do not have:
a) the capacity and speed;
b) an appropriate lay-out, especially for rail-rail or barge-barge exchange;
c) an internal transport system, which is required for larger amounts of direct rail-rail

exchange.
If the terminals absorb too much time and costs, the integral lead times and costs be-
come too unattractive. Therefore, a substantial improvement of the cost-quality ratio of
node operations can often be effectuated only by the implementation of new-generation
terminals, i.e. terminals that are capable of executing the complex operations required
by innovative networks. New-generation terminals are characterised by intelligent, com-
pact layouts and synergetic operations for transhipment, storage and internal transport.
More important, however, than the choice of technology are the function of the terminal
in the network and the innovative ideas behind it.
The expectation is that new-generation terminals and nodes could provide substantially
better cost-quality ratios of terminal and node operations. Together with more efficient
link operations, this should improve the technical, operational and economical feasibil-
ity of innovative bundling networks.

New-generation terminals may well contribute significantly to a more efficient intermo-
dal transport. This may be expressed in costs and/or in time. Due to shorter tranship-
ment times at intermediate or begin-end terminals, the distance covered in the ‘Nacht-
sprung’ may increase substantially. As Figure 2.5 shows, quick handling at begin-end
terminals means that more time remains for trains to run on the network. This means a
larger distance could be covered or an additional intermediate terminal could be in-
cluded in the service. Figure 2.6 gives an indication of the time savings for different
types of networks in case fast, new-generation terminals were introduced at intermediate
nodes.
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)LJXUH����� 4XLFN�KDQGOLQJ�DW�WKH�EHJLQ�DQG�HQG�QRGH�$�DQG�%�DOORZV�PRUH�WLPH
RQ�WKH�QHWZRUN��H[DPSOH�ZLWK�D�GLUHFW�EHJLQ�HQG�VHUYLFH�ZLWK�D�F\FOH
WLPH�RI����KRXUV��

1     2     3     4     5     6     7     8     9    10    11

  11   10    9     8     7     6     5     4      3     2      1

1     2     3     4     5     6     7     8     9    10    11

BE-
terminal

A

BE-
terminal

B

hours at terminal A

hours at terminal B

hours on the links��F\FOH
����KRXUV�

Source: Terminet (1999).

)LJXUH������ (QODUJHPHQW�RI�PD[LPDO�GLVWDQFHV�RI� UDLO� WUDQVSRUW� VHUYLFHV�GXULQJ
WKH� µ1DFKWVSUXQJ¶� LQ� EXQGOLQJ� QHWZRUNV� E\� LQWURGXFWLRQ� RI� QHZ�
JHQHUDWLRQ� WHUPLQDOV� DW� LQWHUPHGLDWH� H[FKDQJH� QRGHV� �UDLO� V\VWHP
WLPH�DSSUR[LPDWHO\�������������R¶FORFN��ILJXUHV�DUH�LQGLFDWLYH��

hub-and-spoke
system

BE-trains

from 3
hours to
1 hour

from 1,25
to 0,5
hours

trunk- and CD-trains,
2-group H-trains with
group exchange (right)
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150
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0
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700

600
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400

300

200
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0

average 50 km/h                                                   average 90 km/h

Source: adjusted from Terminet (1999).
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���� 6\QHUJ\�EHWZHHQ�QHWZRUNV�DQG�WHUPLQDOV

It must be emphasised that technical concepts can improve the competitiveness of in-
termodal transport only in combination with efficient operational strategies and other
organisational measures. The synergy between technical and operational measures is
important for both the terminals and the networks (Figure 2.7). The benefits of new-
generation techniques cannot be fully exploited with conventional operations. Other-
wise, new-generation operations need new-generation terminals for reasons of costs,
speed and reliability.

In current practice this synergy is rare. There are on the one hand some rather theoreti-
cal complex bundling concepts and new-generation terminal designs, on the other hand
there are several ‘real’, operational innovative bundling networks.
However, there are no operational new-generation inland terminals in existence, al-
though a number of pilot plants has been built and tested. Also, there is little interaction
between different groups of actors. At present, network operators seem more interested
in the expansion and improvement of shunting yards, than in new-generation terminals.
However, the expectation is that this will change when the optimisation of shunting
yards has reached its limits and transport volumes continue to grow. At present, also
network operators of existing innovative networks do not pay too much attention to
bundling concepts or new-generation terminal designs. All operational innovative bun-
dling networks that were identified in TERMINET use conventional transhipment or
shunting techniques, which are in fact sub-optimal solutions for complex networks. The
identified new-generation terminal concepts on the other hand, are at best designed with
conceptual or projected bundling networks in mind, more than the innovative bundling
networks that exist in reality.

)LJXUH����� 7KH�V\QHUJ\�EHWZHHQ�WHFKQRORJ\�DQG�RSHUDWLRQDO�VWUDWHJ\�

new technical concepts
for terminals,
applying new

technology or not

new technical concepts
for the networks,

applying new
technology or not

operational strategies and
other organisational

measures for the
networks

operational strategies and
other organisational

measures at the terminals

Source: Terminet (1999).
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���� ,QWURGXFWLRQ

In this Chapter we discuss the various methodologies which are applied in the work-
packages of the TERMINET project. For the workpackages 1 to 6 we also discuss the
major results, insofar as these are not dealt with in Chapter 2. The results of workpack-
ages 7, 8 and 9 are integrally discussed in the Chapters 4, 5 and 6.

���� ,QYHVWLJDWLRQ�VWDWH�RI�WKH�DUW�RI�QHZ�FRQFHSWV��:3��DQG�:3��

The first step in identifying promising innovative direction for bundling networks and
new-generation terminals was to investigate and classify the state of the art of innova-
tive projects and plans. The aim of the investigation was to obtain detailed descriptions
of new generation terminals and innovative networks as proposed by actors in countries
of the European Union, Switzerland and Norway.

The activities included in the investigation have been divided into five geographic sec-
tions and have been executed by several research institutes participating in the TER-
MINET project. The investigation started with the preparation of two overviews of rele-
vant concepts per geographic section: one related to innovative bundling (WP1) and one
to new-generation terminals (WP2).
Concepts of innovative bundling have been marked relevant if bundling concepts have a
certain level of complexity in order to achieve frequency and utilisation benefits, and, si-
multaneously one or more of the following criteria can be realised:
• reduction of the integral transport lead time;
• increase of transport reliability;
• increase of cost-quality ratios of operations and of the efficiency of investments;
• increase of the social acceptance;
• increase of the competitiveness of combined transport and/or of certain transport;
• establishment of corridors of terminals and terminal nodes.
Concepts of new-generation terminals have been marked relevant if one of the two fol-
lowing criteria could be met:
• the presence of automation or robotisation of transhipment or internal transport;

3
METHODOLOGIES



16

• the expectation of the necessity for automation or robotisation in the future.

In total 23 innovative network concepts and 99 concepts for new-generation terminals have
been marked as relevant, however only 31 new-generation terminal concepts have been
described (Appendix 3 and 4). Information for concept descriptions was provided by
desk research, as well as by interviews with shippers, goods and equipment manufactur-
ers, transport companies, railway companies, terminal operators, (semi)governmental
authorities, consultants and research institutes.

���� $�VSDWLDO�PRGHO��*,6��IRU�PRGHOOLQJ�IUHLJKW�EXQGOLQJ�QHWZRUNV��:3��

The methodology that is proposed to model and assess complex freight bundling net-
works is based on a general spatial model of multimodal freight transportation imple-
mented in GIS software: NODUS. In this section, we shortly discuss the model that has
been developed and applied in the Terminet project. Appendix 5 provides additional in-
formation about the modelling methodologies and the software technique.

Virtual network
Transportation of goods on a real geographic network may be realised by various means
on the same infrastructure. For instance, the same large canal can be used by small and
large boats. Transportation also involves many different operations which do not appear
in a normal geographic representation of the network, i.e. loading, moving, unloading,
transhipping and transiting. In particular, the operations of transferring goods from one
means or mode to another are not represented. However, in order to properly analyse a
transportation problem with all its alternative solutions and operating dimensions, it is
necessary to identify and separate each transport operation. This can be achieved by cre-
ating a virtual network, where a particular link is associated to every distinct transport
operations which take place over the geographic network, thus linking in a systematic
way all the possible successive operations in the geographic space. Three modes, with
various means, are incorporated in the model: railways, roads and inland waterways.

NODUS generates automatically a virtual link for each possible mode t and means m
on each real link. In some cases, this method of automatic and exhaustive generation of
virtual nodes and links may create virtual links corresponding to operations which cannot
be made at some nodes, like the handling of containers in some places without adequate
facilities. This problem is handled by defining a list of exclusions for each real node,
which is checked during the process of creating the virtual links and nodes.

Figure 3.1 illustrates a rail track going from city A to city D, via cities B and C. This
track can be used by traditional trains, that may load or unload commodities not only at
A and D, but also in the two other stations. If a shuttle train is to be modelled between A
and D, it can be defined as a new transportation means, for which no loading, unloading
or transhipment operations are possible in B and C.
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)LJXUH���� 3RLQW�WR�SRLQW�QHWZRUN��VKXWWOH�FRQFHSW��

DA B C

The corresponding virtual network is presented in Figure 3.2, in which, for clarity rea-
sons, (un)loading and simple transit virtual links are both presented by means of dotted
lines. Actually, the traditional train is allowed to stop for (un)loading in B and C, but the
shuttle train doesn’t have this possibility. To model this in NODUS, one just have to
add an ‘exclusion list’ to B and C, in which loading, unloading and transhipping onto
the ‘shuttle’ means is forbidden.
The same methodology can be applied to model a line network made of several links
between dedicated terminals: it is just necessary to allow (un)loading and transhipment
operations at each of the intermediate terminal-nodes.

)LJXUH���� &RUUHVSRQGLQJ�YLUWXDO�QHWZRUN�SRLQW�WR�SRLQW�QHWZRUN�

A B C D

Traditional train Shuttle

The methodology explained in the previous section can also be applied to model a bun-
dling network made of a trunk line with collection/distribution forks, such as the one
outlined in Figure 3.3. Its virtual network is represented in Figure 3.4, where the
(un)loading virtual links are not drawn.

)LJXUH�����&ROOHFWLRQ�'LVWULEXWLRQ�QHWZRUN�

In Figure 3.4 the thin links represent traditional trains and the bold links represent the
shuttle trains on the fork-lines and the main trunk line. All the dotted lines are
« simple transit » virtual links.  Normally, no cost is attached to those virtual links ex-
cept if there is some shunting involved, but, in the case of a bundling fork, these (bold)
dotted lines correspond necessarily to a transhipment between the main shuttle and the
(often smaller) ones circulating on the fork lines. Thus, a transhipment cost function
must be used to compute the weight of these particular « simple transit » virtual links.
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In order to properly model a collection distribution case, it is also important to avoid
unwanted turns on the feeder forks. Indeed such turns could appear when the same rail-
way track is used over some distance for different destinations. The way to avoid this is
thoroughly discussed in deliverable D3 (Terminet, 1998)

The virtual network can also be used to measure the potential attraction of one or more
new generation (NG) terminals introduced at precise locations on a multimodal net-
work. Here, the basic idea is to create two additional transportation means for a par-
ticular mode, such as the railway for instance. The first « new » transportation means is
linked only to loading operations and the second means linked only to unloading opera-
tions. The only nodes where transhipments are allowed between these two additional
means are the NG terminals. It follows that the use of the new transportation means
automatically implies that transhipment operations will be performed exclusively at the
NG terminals. One or more such terminals can be introduced in the modelling according
to the problem analysed. Then, different levels of transhipment costs can be set at the
terminals in order to analyse their relative attractiveness when compared to other means.
Figure 3.5 illustrates this modelling of a NG terminal.
In Figure 3.5 A and C represent traditional terminals and B the NG terminal. In terminal
A and C, it is possible to load on transportation means 3 and to unload from means 2.
Both loading and unloading operations are still possible for the « traditional » means 1.
Transhipment from means 3 to means 2 is only possible at the NG terminal. This termi-
nal will only be used if the loading cost at the origin, plus the transhipment cost at the
NG terminal, plus the unloading cost at the destination, plus all other ship
ping costs is lower than the sum of the loading, unloading and shipping costs for means
1.

)LJXUH���� &RUUHVSRQGLQJ�YLUWXDO�QHWZRUN�&ROOHFWLRQ�'LVWULEXWLRQ�

real simple transit virtual link

transhipment simple transit
virtual link

)LJXUH���� 1*�WHUPLQDO�DWWUDFWLRQ�PRGHO

                     1                                         1                                         1

1 1 1 1

          2                                      2                      2                  2
                                                                              
      3                    A               3               B (NG)             3                C             3

Railways (black) Road (                     )
• means 1 : traditional railways,  •     means 1 : truck
• means 2 : « unload only » means
• means 3 : « load only » means
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In this way, it is possible to analyse the impacts on transport flows of a particular local-
isation of a NG terminal or of a system of NG terminals. In a first stage, the NG termi-
nals should be linked to all nodes where loading and unloading are possible. The result
of that simulation would indicate the origins and destinations of the main flows transit-
ing through the terminals. Then, in a second stage, by excluding a number of less inter-
esting origins and destinations, a reduced configuration can be given to the bundling
network which would result from the building of the NG terminals. Thus, this modelling
approach provides a convenient technique to analyse the best localisation of NG termi-
nals and the best configuration of networks organised around these terminals.

Cost function
It is clear that both shipping and transhipment costs play an important role for the at-
tractiveness of NG terminals. Generalised shipping costs when using such bundling
terminals could be reduced because a higher speed would be provided on the shuttle
trains to and from the NG terminal and the NG terminal itself could propose faster han-
dling than traditional terminals. In that case, NG terminals could be proved an efficient
solution.
The relevant cost functions of each particular operation can be conveniently attached to
the appropriate virtual link, so that it is possible to search for a minimum cost solution
to a transportation task which must be performed on the network. In this model the cost
functions are linear with respect to distance, but otherwise can be as complex as desired
in terms of their parameters: time of the operations, crew wages, cost of fuel, capital
cost, speed, insurance, rate of the time opportunity cost, relative value of a means’
quality attribute, etc. Hence, with only limited available information, it is possible to de-
fine the cost functions in such a way that the total cost of a particular transport can be
taken as the shippers’ generalised cost, which determine his choice of a particular trans-
port solution. Thus, the model is based on the minimisation of the shippers’ generalised
costs, and it is this minimisation which provides as solution assignments of the trans-
portation task flows between modes, means and paths.

The main problem in this respect is to obtain information on all the elements which
should be introduced in the cost functions in order to reach a complete estimation of a
transport’s generalised cost. This is extremely difficult to realise in most cases. However,
a partial remedy to this problem can be found in the calibration of the cost functions
which must be realised after a first assignment in order to obtain a good fit of the model
to observed data on flows or market shares. Presumably, these adjustments are necessary
because the cost functions have not taken into account some cost elements, like the qual-
ity differences between modes and means. For generating the necessary OD-matrixes
with freight flows, a special stochastic procedure was developed to assign the global
flows between countries onto specific points of origin and destination.

Application of the model
The software tool NODUS can be used for the evaluation of performances of new in-
termodal network concepts (new links or bundling strategies). With this software tool
the user is able to generate figures and geographic maps which will provide him infor-
mation about how freight will flow between transport modes, transport units and paths.
The user is able to analysis and compare various scenarios, such as:
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• the effect of the introduction a new intermodal link into the existing network;
• the effect of cost and/or tariff changes on links and in nodes;
• the effect of the introduction of new destinations on flows.

NODUS could be an interesting decision support tool for people involved in the organi-
sation of multimodal transport routes and corridors. But also for terminal(-node) opera-
tors who would like to study the effects of network changes on demand of terminal ca-
pacity. The software is organised around a user-friendly graphic user interface that of-
fers a lot of functionalities, i.e. editing digitised maps and the associated attributes,
preparing and analysing different scenarios around a given network, visualising the de-
tails of what could happen not only on a given link but also ‘inside’ a node.

From the application of NODUS to four different bundling network concepts, it appears
clearly that the value of a bundling network configuration depends above all on the gen-
eral topology of the real network and the spread of demand through space. A proper as-
sessment of a particular solution would require a thorough and detailed investigation of
the relevant costs of the new generation terminals and of the newly developed transport
vehicles; furthermore, up-to-date origin and destination matrixes only could determine
accurate results in terms of flows for each mode and means as well as for the bundling
networks.

���� 3HUIRUPDQFH�HYDOXDWLRQ�RI�EXQGOLQJ�QHWZRUNV��:3��

In WP1 innovative bundling networks have been investigated. The perception was that
of the actor. In WP3 the innovative bundling networks are analysed from a researcher
perspective in order to find preferable layout(s) of best performing networks The
evaluation of the innovative bundling networks described in D1 (WP1) has been carried
out through the following steps:
1. description of the basic structure and characteristics of the models for bundling the

freight;
2. definition of the concept of ‘the preferable network layout’. This definition has

been designed from the researcher’s point of view. It deals with the optimal net-
work configuration (layout) defined for given circumstances (conditions);

3. definition of the indicators for estimation (quantification) the NG bundling network
performances. This has appeared to be the most important and ‘crucial’ step. The
performance indicators have been expected to satisfy the following requests: to
transparently present physical, spatial and operational characteristics of the net-
work, emphasise their diversity, quantify them in a unique way and be able to be
easily converted into the evaluation criteria;

4. estimation (quantification) of the indicators for particular bundling networks. This
estimation has been carried out for the concrete cases of bundling networks and re-
lated traffic scenarios presented in WP1 and WP2;

5. comparison and evaluation of the particular NG bundling networks with respect to
the selected set of indicators and criteria (obtained by the indicators) with the aim to
build the blocks for determining ‘the preferable network layout(s)’ under given cir-
cumstances.
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In the present analysis elements of ‘the overview table methods’ and ‘multi-criteria meth-
ods’ have been applied to evaluation of the NG bundling networks. By application of the
SAW (simple Additive Weighing) method the particular NG bundling networks have been
ranked in preference order. The rank (1) denotes the most ‘preferable’ network (alterna-
tive), the rank (2) the second ‘preferable’ network, etc. The evaluation and comparison of
the innovative bundling networks have provided a set of relevant criteria that have been
applied for identification of the main characteristics of the promising innovative networks.
Due to incompleteness of the relevant information (particularly those on the monetary
characteristics of the networks) it is only possible to point the promising innovative bun-
dling networks on a preliminary basis.

The identified most preferable concepts (per category) are: RoadRailer, ICF Quality Net
with hub in Metz, RingZug Rhein-Rhur, Sogemar network, RO-RO Barge Transport,
Container Exchange Point Barge and Floating Container Terminal.
Based on the analysis carried out in WP3, it has not been possible to make any general
recommendation concerning ‘the preferable layout(s)’ of the innovative bundling net-
works. The main reason lies in the fact that each network, among the analysed cases,
has been set up to serve to specific (local) markets. However, the analysis, classifica-
tion, comparison and evaluation of similar networks with respect to dominant transport
mode, general bundling model and set of relevant non-monetary criteria of their per-
formances provided a basis for determining preferable bundling network layouts.

���� 3HUIRUPDQFH�HYDOXDWLRQ�RI�QHZ�JHQHUDWLRQ�WHUPLQDOV��:3��

In WP2 innovative new-generation terminals have been investigated. The perception was
that of the actor. In WP4 the new-generation terminals are analysed from a researcher
perspective in order to find preferable layout(s) (best performing) terminals.

From the discussion in §2.3, we can conclude that when evaluating a new-generation
terminals we must consider its function and the type of bundling network it is part of.
The objective of WP4 is:
• to critically evaluate whether the performance of new-generation terminals as

claimed by their manufacturers are realistic;
• to provide insight into terminal processes in different type of bundling networks;
• to compare the expected performance and characteristics of new-generation terminals

with each other and with conventional terminals and shunting yards.
A central issue in our evaluation is the relationship between terminal layout and opera-
tions and network bundling demand, by means of a static process analysis. For this pur-
pose we have defined specific network situations for each type of bundling network.
Each new-generation terminal is confronted with these network situations, and four
partial productivity measures are calculated: the number of train batches handled per
hour, the handling time per train, land use efficiency ratio, and storage area utilisation
ratio.

Every new-generation terminal is analysed for four types of bundling networks:
• collection-and-distribution (CD);
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• hub-and-spoke;
• line (L);
• point-to-point or begin-end (BE).
For each type of network we assume a certain network situation which the new-
generation terminal has to deal with.

The major results of the evaluation study are as follows:
1. Hub-terminals: for large exchange operations the Noell Megahub proves the best

concept which meets the criterion of 1.5 hour exchange easily for batches with 6
long5 trains at a reasonable level of investment. For medium exchange operations
with batches of 3 long trains Tuchschmid CT3/350 proves the best concept which
could also meet the 1.5 hour exchange time criterion. For small exchange operations
with batches of 3 trains short trains the CCT Plus large proves the best concept
which also meets the time criterion of 1.5 hours for exchange.

2. CD terminals: for Large scale CD operations Commutor, Noell Megahub, Krupp
Megahub and Krupp Highrack are concepts which will suit very well in very dense
networks with large streams, large trains and numerous destinations. Batch handling
times are respectively 4, 11, 21 and 21 minutes. For medium scale CD operations
Krupp Compact, CCT Plus Large, Tuchschmid CT 3/350 and Noell SUT 1200 will
suit in medium dense networks. Batch handling times are respectively 73, 92, 69
and 84 minutes. For short trains batch handling times lay between 42 and 52 min-
utes. In small scale CD operations Krupp Small and Transmann TM-V2 are con-
cepts which could function in a low dense CD network. The latter should only han-
dle short trains in order to realise acceptable handling times for the feeders. Han-
dling times for short trunk trains are respectively 28 and 55 minutes, for short
feeders 19 and 110 minutes, for batches 111 and 110 minutes.

3. Line terminals: for large scale line operations Krupp Highrack and Krupp Compact
will suit very well as line terminal in a dense network with many intermediate ter-
minals and with a high frequency of line trains arriving at the terminal. The handling
times are respectively 6 and 12 minutes. For medium scale line operations
Tuchschmid CT 3/350, Noell SUT 1200 and 400, and CCT Plus Large will suit in a
network with a medium frequency of line trains calling at the terminal and a me-
dium number of stops in between begin and end terminal. Handling times are re-
spectively 20, 24, 30 and 30 minutes for long trains and respectively 11, 14, 17 and
17 minutes for short trains. For small scale line operations Tuchschmid CT1/100,
Transmann TM-V1 and Krupp Small will suit in small scale line networks, with
short trains and only a few  stops between begin and end terminal. The handling
time of short trains are respectively 36, 40 and 45 minutes.

  The CCT Plus concept seems to be suitable for very small flows (several units per
day), because of the low investment in equipment and terminal infrastructure. The
generated low performances in this evaluation flatters this options.

A reference terminal has been used for a benchmark between new-generation terminals
and conventional terminals. The reference terminal is 700m long, has 4 tracks, 2 truck
                                                
5 Long trains are 700 m, short trains 400 m. A long feeder train is 175 m, a short one 100 m. The utili-

sation rate of each train is 80%.
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lanes and 3 storage lanes under the crane. There are 2 cranes, which carry out the rail,
road and storage handlings. The four partial productivity measures have been generated
for the reference terminal for all predefined network situations.

All new-generation terminals evaluated for hub-operations perform better than the
reference terminal. For CD-operations the reference terminal ranks among terminals
Tuchschmid CT3/600, Krupp Compact, Noell SUT 1200 and CCT Plus Large, which
perform between 0.7 and 0.9 CD-batches per peak hour. The conventional terminal and
the Tuchschmid terminal have the best investment/performance ratio. The Tuchschmid
concept performs better than the conventional, but the conventional terminal is ranked
one category lower for investment. For line-operations the conventional terminal is
rather slow (a little more than 1 train per hour) and ranks among the smaller new-
generation terminals. For small flows besides Tuchschmid CT1/100 and CCT Plus
small could be very competitive with conventional solutions.

���� ,QWHJUDWHG� DQDO\VLV� RI� LQQRYDWLYH� EXQGOLQJ� QHWZRUNV� DQG� QHZ�JHQHUDWLRQ
WHUPLQDOV��:3����

WP4.2 can be seen as a global forerunner of WP7, 8 and 9, as it is to establish an inte-
grated picture of probable, promising and innovative development directions of innova-
tive bundling concepts and new-generation terminals and terminal node concepts.

There is a hierarchy of networks in which the size of flows is the central factor. Wher-
ever the flows are sufficient to allow large transport units to move with high loading de-
grees, on the desired frequency level, and to a large number of destination terminals,
BE-operations deserve priority. They allow the largest distance and have the lowest lead
times; of course, also the costs are the lowest.
However, the research results show what the potential of complex bundling concepts is.
Given a certain departure frequency, complex bundling concepts allow integrating
rather small rail-road or barge-road terminals into the network. And given a certain net-
work and terminal volume, complex bundling concepts allow a relative high departure
frequency from any BE-terminal, compared to BE-operations (see §2.4). In other words,
the complex bundling concepts integrate small flows and allow operating with small
BE-terminals and at the same time to generate the quality and cost features of large-
scale operations.
Generally, HS-networks will be more suitable for medium-sized flows with medium to
long distance. TCD-networks are rather suitable for small flows with long distances. L-
networks with loading at BE- and L-terminals at the beginning of a journey and un-
loading at the end should have longer distances; the spatial concentration of L- and BE-
terminals allows to restrict the route parts with low loading degrees. L-networks with
(un)loading at any L-terminal may be suitable for smaller distances as well and there-
fore for regional networks. Similar conclusions can be drawn for TF-networks. A char-
acteristic, which only refers to L-networks is that these do not cause additional tran-
shipment costs in the chain; by implementing a L-terminal, the amount of (un)loading in
the chain stays the same. Only the times costs of wagons, locomotives and load units in-
crease.
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The analysis of terminal performances shows that some new-generation terminal con-
cepts are highly specialised and others are multifunctional, which means that they are
suitable for more than one exchange function. Specialised terminals are very effective
for the exchange type which they have been developed for, but if this types does not
have sufficient freight flows, a low utilisation of the specialised terminal may be the
consequence. Multifunctional terminals are likely to be more efficient, as they can serve
different exchange types and flows at different times of a fortnight. Also, they are more
flexible to changing exchange requirements on the longer term.
���� 6HOHFWLRQ�RI�ILYH�FDVH�VWXGLHV��:3����

In WP7 five case studies with innovative network and new-generation terminal design
have been carried out. The selection of the five case studies in WP4.3 has been based on
the following criteria:
1. each case study is to comprise one of the following types of terminals:

• a large maritime terminal (-node) for all modes of transport;
• an inland terminal for all modes of transport (road, water, rail);
• a large inland terminal for two modes of transport (road, rail);
• a medium-sized inland terminal for two modes of transport (road, rail);
• an inland terminal for one mode of transport (rail-rail);

2. there are not more than two cases per EU member state;
3. the cases cover a broad spectrum of bundling concept;
4. there are actors in the field which are interested in the research results and willing to

participate;
5. some cases refer to new terminal developments, others to innovation inside existing

terminal locations and installations.

The interest of actors was considered to be of special importance, as TERMINET, a re-
search project in the tactical programme of the Fourth EC research programme, is to be
of practical use on the short to medium term. The final choice is a compromise of what
ought to be chosen according to the technical annex indications, according to the results
of WP4.2 and the response of actors in the field.

The following case studies have been selected in the TERMINET project:
1. a large maritime terminal (-node) for all modes of transport. This was to become the

node Rotterdam. But the actors at the Maasvlakte have other priorities. The central
actor in the Eem-/Waalhaven, namely the operator of the rail terminal there, was
rather interested in the options for the intermediate and hinterland rail terminal Val-
burg (The Netherlands), which is located along the Rhine and the projected Betuwe
route;

2. an inland terminal for all modes of transport (road, water, rail). Duisburg (Germany)
has the ambition to develop into a major barge-rail hub. The integration of the ex-
isting and projected rail and barge terminals by technical means (terminal connec-
tions, terminal subsidiaries) and/or new bundling operations is the objective of this
case study. The rail and barge terminal operators and the harbour authority are the
central actors;

3. a large inland terminal for two modes of transport (road, rail). This case type has
been adjusted to a large inland terminal for rail-rail exchange. The chosen case is
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Metz (France). The objective is the substitution of the shunting yard by a Megahub
like new-generation terminal. InterContainer is the central actor;

4. a medium-sized inland terminal for two modes of transport (road, rail) Busto (Italy).
This case type is slightly adjusted, as its objective is multifunctionality. Next to rail-
road exchange also rail-rail exchange will be elaborated. The central actor is the in-
termodal and terminal operator HUPAC;

5. an inland terminal for one mode of transport (rail-rail) Venlo (Netherlands). The
central objective is to develop a medium-sized rail-rail terminal between the Dutch
Belgium harbours and the inland terminals in the Ruhrgebiet/Cologne region and
extended corridors. The projected hinterland route IIzeren Rijn is an important com-
ponent for this exchange network. The development of a barge terminal along the
Maas also makes the terminal of interest for rail-barge chains. The central actor is
the rail terminal and intermodal operator ECT.

���� ,QGLFDWRUV� DQG� FULWHULD� IRU� LQQRYDWLYH�QHWZRUNV�ZLWK�QHZ�JHQHUDWLRQ�EXQ�
GOLQJ��:3��

Because there are several actors in the chain, it is not possible to define a set of unambi-
guous indicators and criteria that would suit all actors. In fact, it is probable that there
are some contradictions between the relevant indicators and used criteria of different
actors. To illustrate this, in WP1 to WP4, different sets of indicators and criteria have
been used order to select concepts, to classify them and evaluate their performances.
These former WP’s clearly show that different indicators are used innovative networks
and for new-generation terminals. The aim of WP5 is to integrate these indicators and
criteria into one set of overall indicators and criteria. This implies that a method had to
be found to overcome contradictions in the chain.

In order to meet the objective the following methodology has been used:
1. investigation of used indicators and criteria (in literature on intermodal transport and

within TERMINET);
2. development of the conceptual model of a virtual transport operator (system ap-

proach);
3. systematic selection of indicators.

The virtual transport operator is a functional player and does not exist in reality. He is
above the organisational borders and is looking for the optimum of the whole intermo-
dal transport system instead of sub optimum in each part of the transport chain.

The ideal solution fulfils the shippers’ requirements at the same time as it produces the
maximum profit for the transport operator. The purpose of the indicators is to help the
virtual operator to evaluate his alternative solutions of providing the door to door serv-
ice. His main concerns are time and money, but he needs also some additional quantita-
tive and qualitative attributes of the service. We have concluded that there are five main
categories of indicators:
• time;
• cost;
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• destinations;
• volumes;
• quality.

)LJXUH���� 6\VWHP�SHUVSHFWLYH�RI�D�YLUWXDO�WUDQVSRUW�RSHUDWRU
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These indicators apply to all elements of Figure 3.6. For the virtual transport operator
the ‘final’ value of each indicator counts. He is indifferent how these indicators score
for the different parts of the chain. The different actors in the chain could us the same
indicators, but will use different criteria because they only take into account their part of
the chain. From the perspective of the virtual transport operator there is a continue trade
off between the values of these indicators. A few examples of trade-offs are:
• faster terminal handling (time), higher costs;
• more intermediate destinations, more stops, longer chain time;
• higher frequencies, lower utilisation rate, thus higher costs.
The consequences of these trade-offs, quantitative terms have not been investigated yet.

���� 3URSRVDO�IRU�KDUPRQLVDWLRQ��:3��

In WP 6 a framework has been elaborated to evaluate measures harmonisation. The
measures should aim at reducing development costs of new-generation terminals and
innovative networks and at improving interoperability. Two levels have been distin-
guished: network and terminal.

On the network level of harmonisation the elements of harmonisation are:
• trains/wagons;
• trucks;
• transport units;
• infrastrucutr (both for goods and information), and;
• information.

On the terminal level of harmonisation the elements of harmonisation are:
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• transport/transfer equipment and operations;
• handling equipment and operations;
• transport units;
• storage technologies and operations.

����� )LYH�FDVH�VWXGLHV��:3��

In §3.7 we discussed which case studies have been selected and on which criteria. WP7
consists of innovative network and new-generation terminal design tasks for the cases
Valburg, Metz, Venlo, Duisburg and Busto. Each case is elaborated with the following
structure:
a)� Programme of requirements

• description of the existing situation (location, operations, developments);
• problem description;
• objectives of new-generation solution;
• description of existing network and terminal operations related to the network;
• description of future flows and redesign of the network;
• presentation of an OD-matrix (origins-destinations);
• formulation of programme of requirements.

b)� Terminal design
• choice of new-generation terminal concept(s);
• design of operations and terminal layout, including other terminals, secondary

operations/sidings and the terminal environment;
• analysis of performances along a common set of indicators:

− utilisation rate of equipment (cranes, storage facility, sorting systems);
− peak performance of equipment;
− handled volumes in terms of moves and paid transhipments;
− terminal investments and operational costs;
− extensions and other growth paths;
− effects of growth paths for terminal investments and operational costs;
− validation/verification with case stakeholders. Perspectives for implementa-

tion.
In Chapter 4 we discuss the major outcomes of the design task and performance analy-
sis.
����� 6LPXODWLRQ�DQG�DQLPDWLRQ��:3���

In WP 7 task 2 a simulation and animation tool for performance analyses of the case
studies of WP 7 task 1 have been elaborated. Two simulation and animation tools have
been developed and/or used for performance analysis of the case studies of WP 7. Both
tools apply different simulation software:
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1. A simulation and animation tool of Noell Machinebau, which has been particularly
designed for the Noell Megahub6. The software is confidential.
The program Simpro was selected as simulation tool as a result of an extensive mar-
ket research. The basis for preparing a simulation model in this program are module
libraries containing module types. Applied in any number into a simulation layout
the simulation modules proper with individual parametering and statistic are than
generated. The modelling of the module functions is carried out in Simpro with Petri
networks and the programming language Modula 2. Apart from the standard library
included in the supply exists the possibility to prepare user-defined module libraries
on it’s own. In the present case a module library was prepared for the terminal
simulation.
Among others methods of the structured analysis and the functional structure where
applied when planning the new modules to be moduled. Hereby a case tool (com-
puter aided software engineering tool) served as tool, in order to assure the consis-
tence of hierarchic system description. The implementation of the Petri networks
and the program text modules of the module types were based on this system de-
scription documented by diagrams.

2. A software tool which has especially been developed for the Tuchschmid
Compactterminal. The tool of the Compactterminal at this stage is an animation tool,
but could easily be further developed to a simulation tool. A demo of this animation
tool is available.

Each of the existing packages which were found had some of the functionality that was
required to produce an operational simulation model. However, no simulation package
was found that had the all the necessary functionality. Furthermore, no package was
found that combined fast running times with good, three-dimensional, graphics
capabilities. For the purposes of the research, it was considered that all these packages
imposed significant limitations on the model design without offering major benefits in
terms of the functionality over and above that which could be obtained with a high
level programming language.

In consequence, the use of high level language programming was considered as an
alternative to the use of a special purpose simulation package.  Modern high level
programming languages such as C++ and Java are object orientated and allow for
simulation models to be designed in a manner that reflects their natural construction.
Thus, an Automated Guided Vehicle (AGV) object can be constructed which consists
of a body, 4 wheels, and a container. It could then have assigned to it various attributes
such as: width; length; maximum speed; acceleration; deceleration etc.  Through the
use of object orientated programming faster model development is possible as well as:
increased model quality; easier maintenance of model code; enhanced ability to make
model changes; greater reusability of model code; and the potential to develop more
complex models.

                                                
6 Refer to Meyer (1998) and Alicke (1999), who wrote their theses about the development of the Noell

simulation tool.
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����� %XVLQHVV�SODQV��:3��

The economical feasibility of the terminal designs for the five case studies have been
analysed by business modelling. For each case a business models has been built. A
business model has the characteristics of a decision support system (DSS): it assists the
user(s) in their decision-making tasks and it supports, rather than replaces, managerial
judgement. With this model, several scenarios’ can be simulated: from an optimistic to a
pessimistic scenario.

The purpose of a business model is to calculate the economic feasibility of NG Termi-
nals. The economic feasibility is measured in terms of profitability, growth and conti-
nuity. Therefor the main objectives are the following:
• Profitability; (e.g. profit in terms of net profit, cash flow and Return on Investment

(ROI));
• Growth; (e.g. growth in terms of number of sales);
• Continuity; (e.g. continuity in terms of sales- and costs developments).
Besides these main objectives there are also some secondary objectives: the business
model also contains price developments, the development of the rivalry amongst the
competitors in the relevant market and the Net Present Value of initial investments.

Each case contains of a base model and a case specific model. The base model consists
of an environmental analysis of the terminal in question and gives an overview of the
statement of results and the balance sheet. With these two economic statements, other
economic parameters are calculated. Besides, each case has terminal specific variables.
These case specific variables have been integrated in the base model in order to be able
to simulate with different scenarios.

The software which has been used is called Powersim 2.57. This software is used for
both building and simulating dynamic models. A dynamic model is a collection of vari-
ables that influence one another over time. Because of the dynamic character of Power-
sim models the development and behaviour of some variables can be precisely analysed
over time. In Powersim it is possible to build the same interactions as they exist in real-
ity. The main characteristic of a model is that it is a stylised reproduction of reality.
Building models with the aid of computers is called system dynamics. There are three
kinds of variables within Powersim: level variables, constant variables and auxiliary
variables. With the level variables changes accumulate (e.g. bank account), auxiliary
variables contain calculations based on other variables and constant variables contain
fixed values that are used in calculations of auxiliary variables. With these three vari-
ables the dynamic models are build and simulated.

                                                
7 Except case Duisburg, which has been modelled in Excel.
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����� ,GHQWLILFDWLRQ�RI�LPSOHPHQWDWLRQ�EDUULHUV��:3����

Despite the mentioned benefits of new-generation terminals during the Terminet project
none of the new-generations terminals have been implemented, nor are there any serious
implementation projects of which we are aware off. However, some parties in Germany
joined together in order to investigate an implementation plan of a Noell Megahub in
Hannover-Lehrte.  The question now is of course, “why have not these promising ter-
minals been implemented (yet)? We could think of many reasons, but we believe that
only with a structured analysis the most important implementation barriers can be as-
sessed. For this purpose an analytical model has been developed and applied.

In order to set up a structured analysis we elaborated a conceptual model with a large
number of potential implementation barriers. For the selection of potential barriers we
based ourselves on the literature about adoption and diffusion of technological innova-
tions. In respect to the adoption of innovations by individuals and organisations many
empirical studies have been carried out. These studies always aim at identifying if, how
and how much certain variables explain why a certain (technological) innovation is
adopted or not. Due to these studies we know a lot about which variables are strongly
related to the adoption of an innovation. We also know which variables are positively
related to adoption and which negatively.

The technical innovation in our study is the new-generation terminal. This innovation is
not implemented yet. In other words is not adopted. This implies that up till now the
conditions for implementation have not been optimal. We elaborated a model based on
the most important explaining variables. In this model the explaining variables are seen
as potential implementation barriers. With the model we will identify implementation
barriers for the five cases Valburg, Venlo, Duisburg, Metz and Busto

Starting points for our analysis were:
• The terminal and network designs of the case studies carried out in workpackage 7,

and;
• Performance and cost data related to these case studies.

����� )LQDO�LGHQWLILFDWLRQ�RI�SURPLVLQJ�LQQRYDWLYH�GLUHFWLRQV��:3���

WP 9 is the result of the concluding phase of TERMINET. The objectives of this final
report are:
a) the final identification of promising innovative directions for bundling networks and

new-generation terminals. TERMINET intends to support the recommendation of
certain terminal concepts for certain types of nodes in certain bundling networks or,
alternatively, to specify bundling networks with node types and locations suited to
certain terminal concepts;
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b) the evaluation of the feasibility of innovative concepts on the technical, operational
and economical level and the description of the circumstances of a feasible course of
development and implementation; the identification of institutional, as well as con-
cept-specific barriers for implementation;

c) the formulation of public and private measures for supporting and encouraging the
implementation of innovative operations;

d) the formulation of recommendations for further research.
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���� ,QWURGXFWLRQ

The contents of the Chapters 4 and 5 moves from the concrete terminal design to the
more abstract vision. In these chapters the results of WP 7, WP8 and WP 9 are inte-
grated. First, this chapter focuses on the case studies that were carried out in TER-
MINET WP7. Based on the analysis of OD-matrixes and actual network operations in
five cases, five case specific terminal designs were made. These were the starting points
of the calculation of the terminal costs and the analysis of the economic feasibility that
were carried out in WP8. After this, in Chapter 5 the step is made to an integration of
new-generation terminals and innovative networks, however on a somewhat more gen-
eral level. Finally, a picture is presented of a feasible and promising future of intermo-
dal transport that may be an inspiration for policy recommendations.

The aim of WP7 was to support the understanding of the value, which new-generation
terminals add to node-effectivity and node-efficiency and thus the functioning of inno-
vative networks. The specific aim of this chapter is to contribute to such understanding
by comparing the operations, lay-outs, effects (and costs) of the different cases.
The conclusions show what can be achieved, if certain networks and terminals are im-
plemented; networks and terminals, which the leaders and research members of each
case have suggested, because they had expected them to lead to a best solution. But in-
side WP7 no further elaboration of alternatives and optimisation of solutions has taken
place8. This means that:
• given a certain OD-matrix, only one network was designed9;
• given a certain network, only one terminal was designed10.
The absence of a larger number of alternative designs implicates that the conclusions
are restricted. Nevertheless the comparison of these solutions allows drawing very inter-

                                                
8 This would have exceeded the project budget substantially.
9 The only exception is Venlo, for which two OD-matrices were designed. But terminal designs and the

analysis of investments and costs were restricted to one OD-matrix.
10 For the case Busto investment and cost projections were conducted for more than one NG-terminal

concept, namely 3 Tuchschmid terminals, Dematics Transmann terminal and Noells Megahub con-
cept.

4
CASE STUDIES
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esting conclusions, which contribute to the finding of promising directions of innova-
tions.
All of this refers to the cases Metz, Busto, Venlo and Valburg. Duisburg is a separate
matter, which is of great interest for TERMINET, but difficult to compare with the
other cases.
The investment and transhipment costs of Metz and Duisburg will be dealt with in
Chapter 5.

���� &DVH�0HW]

������ 7KH�IXQFWLRQDO�PDLQ�OLQHV
Metz is the centre of the largest hub-and-spoke network of ICF. In the present opera-
tions (block) trains arrive at Metz, the wagons and wagon groups are reassembled to
new trains, which run under new train numbers to the endterminals. Part of the ex-
change at Metz rather resembles a Trunk-collection-distribution than a hub-and spoke-
network.

The central TERMINET idea for the case Metz is the substitution of the shunting yard
by a new-generation terminal for rail-rail exchange. The major result is the time saving
at the hub node. Trains can save up to 4 hours of time at Metz. This time advantage al-
lows to optimise the network operations and makes intermodal transport more competi-
tive. In the new network, (shuttle) trains stop at Metz, exchange load units amongst each
other, and continue their journey (same train on both sides of the terminal).
The main bundling concept remains a hub-and-spoke-network. The optimal exchange
type is that of network- and terminal-simultaneous exchange of load units between 6
trains, which are present at the terminal during the same period (= exchange-batch). The
maximal batch size is six trains. There will be batches with smaller sizes. The exchange
takes place during the night.

Next to the network-simultaneous exchange there is also the network-sequential one.
This takes place between different exchange-batches, of course via the storage area.
Typical exchange operations are shown in Figure 4.1. The service area of the hub-
terminal Metz covers a large part of Europe. The exchange volume is about 500 wagons
a day (290,000 LUs/year; 7 days/week). As the Metz terminal only has rail-rail ex-
change during the night, it is possible in the future to let the cranes and sorting system
run fully robotised. In the case study the cranes run semi-automated. Figure 4.1 focuses
on the most important parts of the exchange operation and thus the simultaneous pres-
ence of exchanging trains at the terminal. In reality and in the OD-matrix such trains do
not enter or leave the terminal at exactly the same time. There is a difference of arrival
of about 8 minutes and the same for the departures, as the trains partly use the same link
infrastructure. These slight differences in arrival and departure times are not shown in
the figure.
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������ &DSDFLW\�DQG�OD\�RXW
The infrastructure is dimensioned for the exchange operations in the night period. In
this period the average intensity is 75 crane moves per hour. The maximal intensity (i.e.
capacity requirement) is 235 crane moves. The maximum storage requirement at any
moment is about 226 LUs.

The terminal concept applied for this case is Noells Megahub concept. The terminal de-
sign for Metz is very similar to Noells Megahub concept for Hanover-Lehrte. It has 6
tracks, 6 semi-automated cranes, a sorting system with the length of the terminal and 15
shuttle cars. The capacity reserves during the night, especially in the peak periods, are
restricted. This means that buffering of trains, break controls etc. need to take place out-
side the terminal.
 
 
���� 7KH�FDVH�%XVWR

������ 7KH�IXQFWLRQDO�PDLQ�OLQHV
Busto is one of many terminals in the Milano region. A region, for which a large growth
of the intermodal sector is expected and quite some restructuring of the terminals is
projected. The TERMINET idea is to develop a new-generation terminal along one of
the main tracks between Milano and the Alps, for instance near the existing terminal
Busto 2. The exchange at this terminal could:
• be part of several bundling networks, serving the Milano region and/or also con-

necting northern Europe with whole Italy;
• be organised by different terminal or network operators (e.g. HUPAC, CEMAT,

ICF), for which complex bundling is of great advantage. A possible configuration is
that of each company having its own terminal for BE-operations, and one (or more)
common terminal(s) for L-, HS- or other operations.
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The growth potential in the Milano area for the period 2000-2020 is about 400,000 load
units, of which approximately 180,000 LUs for a new-generation terminal Busto (Erni,
1999). These volumes mainly refer to flows from or to the Milano region. In this
framework the following exchange levels were considered to be valid for the new-
generation terminal Busto: 130,000 LUs (phase 1), 175,000 LUs (phase 2) and 300,000
LUs (phase 3). If complex bundling of flows between the Alps and northern Europe on
the one hand and other Italian regions than the Milano one on the other hand would be-
come of major importance, the exchange volumes would increase substantially beyond
the mentioned levels. A new terminal Busto will not become larger by such a develop-
ment, but the mix of bundling networks will change.

In such projections the new-generation terminal Busto can have several of the following
functions:
• rail-road exchange. The involved  bundling concepts are:

− BE-networks. The trains end or begin at Busto;
− L-networks. The trains stop at Busto and continue their journey, ending at a BE-

terminal in the Milano region, northern or central Italy;
• rail-rail exchange. Trains stop at Busto, exchange load units amongst each other,

and continue their journey to a BE-terminal in the Milano region, northern or central
Italy. The involved bundling concepts could be HS-, TCD- or TF-networks.

The typical exchange operations are shown in Figure 4.2.

������ &DSDFLW\��OD\�RXW�DQG�FRVWV
The maximal intensity (= capacity requirement) is assumed to be around the 70 crane
moves per hour (phase 1) and 90 (phase 2). This in combination with the annual vol-
umes allows11 to draw rough conclusions about the terminal types which could be im-
plemented for the Busto location. Opposite to other cases, several terminal concepts
have been evaluated for the Busto case. Most attention was paid to the Tuchschmid ter-
minals, but also Transmodals Transmann concept and Noells Megahub concept have
been investigated.
As far as the Tuchschmid terminals are concerned, the CT3/660 terminal is required for
phase 2. This has 3 tracks, 2 rail cranes and 1 road crane. This terminal can be trans-
formed to a CT3/1000. Such a change will be required before the level of 300.000 LUs
(phase 3) is reached.

                                                
11 The terminal designs of the Busto case are based on a set of indicators instead of deriving perform-

ance requirements from an OD-matrix. In this approach the annual volume is an indication for the
storage demand.
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Alternatively, a terminal with 2 Transmann cranes could be of service in phase 1. The
following phase would require 4 Transmann cranes. Because of the peak performances,
these would not be sufficient for phase 3. The Transmann solution has the advantage
that the exchange area is train-long. This implies that less sorting is required at the be-
gin-terminals. But the application of a Transmann terminal requires a very exact opera-
tional design, as the maximum width of the terminal is 4 lanes. With three exchanging
trains, one of the outer lanes will have to serve as truck lane and as lane for a transport
system that moves between the cranes and the storage area. This internal transport sys-
tem needs to be very effective, as there is hardly any buffer capacity on this lane. And it
would be of great advantage, if the trucks and terminal-vehicles could commonly use
the same lane across its total length.
Alternatively, a network-simultaneous batch of exchange trains can be handled sequen-
tially on the terminal. But this increases the number of moves per transhipment and the
required storage capacity.
Another alternative is the implementation of Noells Megahub with 4 cranes. This alter-
native is of interest for the exchange levels of the phases 2 and 3. The terminal is so

                                                
12 As the calculations for the Busto case are based on a macro-approach, figure 8.2 is not based on an

OD-matrix, but simply illustrates the global idea.

)LJXUH���� 7\SLFDO�H[FKDQJH�RSHUDWLRQV�DW�WKH�%XVWR�QHZ�JHQHUDWLRQ�WHUPLQDO12�
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powerful that it could manage the volumes and peak performances even in 1 shift (8
hours).
The mix of rail-road and rail-rail operations in the same time implicates that fully ro-
botised operations are not possible. This comment is not relevant for the Tuchschmid
terminal, which always has (automation guided) manual handling.
The macro-approach of the performance analysis in this case does not allow deriving
specific conclusions about capacity reserves. On the basis of indicators one may expect
that the Busto terminals will need infrastructure outside the terminal for buffering, break
controlling etc.

The total investments for the Tuchschmid CT 3/600 terminal are about 16 million euro
(without siding), of which 3 for cranes and 2 for the sorting system. This leads:
• (in case of  130,000 LUs/year = phase 1) to capital costs of about 10 euro/LU. The

operational costs are expected to be 22 euro/LU. The total in that case is 32 euro/
LU;

• (in case of 175,000 LUs/year = phase 2) to capital costs of about 8 euro/LU. The
operational costs are expected to be 17 euro/LU. The total in that case is 25 euro/
LU.

The Transmann solution for phase 2 costs 5 million euro more investments, mainly
caused by the crane equipment. If the exchange volume is slightly lower than that of
phase 2, three Transmodal cranes are sufficient. Then the investments are on about the
same level as of the Tuchschmid terminal.
The Noell Megahub belongs to a total different terminal class, not only according to the
performances, but also to the investments required. Smaller versions of the terminal are
of interest for phase 2, medium versions for phase 3.

���� 7KH�FDVH�9HQOR

������ 7KH�IXQFWLRQDO�PDLQ�OLQHV
Currently, there is a BE-terminal at Venlo serving the region around Venlo. Different
public and private actors are busy to establish a barge terminal. The central TERMINET
idea for the case Venlo is to establish a rail-rail terminal for exchanging load units be-
tween Belgian and Dutch trains to and from the (south- to north-) eastern hinterland.

The new terminal Venlo is a terminal for:
• rail-road exchange. The involved  bundling concepts are BE-networks (the trains

end or begin at Venlo; the other BE-terminal is a harbour terminal) or L-networks
(the trains stop at Venlo and continue their journey);

• rail-rail exchange. The trains stop at Venlo, exchange load units amongst each other,
and continue their journey. The exchange takes place between Belgian and Dutch
trains, between Dutch and Dutch trains, and between Belgian and Belgian trains.
Most of the involved bundling concepts are - according to the OD-matrix - HS-
networks;

• rail-barge exchange. As there is some distance between the barge and rail terminal,
this exchange at the rail terminal takes place between 3-TEU-trucks, which serve as
inter-terminal-transport, and trains.
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Typical exchange operations are shown in Figure 4.3.

)LJXUH���� 7\SLFDO�H[FKDQJH�RSHUDWLRQV�DW�WKH�9HQOR�WHUPLQDO

Figure 4.3 focuses on the most important parts of the exchange operation and thus the
simultaneous presence of exchanging trains at the terminal. In reality and in the OD-
matrix such trains do not enter or leave the terminal at exactly the same time. There is a
difference of arrival of ± 5 minutes and the same for the departures, as the trains use the
same link infrastructure. These slight differences in arrival and departure times are not
shown in the figure.

The exchange volume is expected to be about:
• 920 LUs a day (= 240,000 LUs a year; 5 days/week; = phase 1)13;
• 1260 LUs a day (= 330,000 LUs a year; 5 days/week; = phase 2);
• 1560 LUs a day (= 405,000 LUs; 5 days/week; = phase 3).
The mix of exchange types in all phases is - when measured in load units - ca. 45% rail-
rail, 30% rail-barge and 25% rail-road exchange.
The speed in which these volumes could be realised:

                                                
13 The current volume of 60,000 LUs/year rail-road exchange is already included in this volume.
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• (most rail-rail exchange) depends on the amount of organisation efforts. The OD-
matrix is based in the idea that forecasted rail BE-operations are interlinked by an
exchange at Venlo. Hereby the BE-operations turn into HS- and other complex net-
works;

• rail-barge exchange (and some rail-rail exchange) depends on the on attractiveness
of services. The leading idea in the OD-matrix is a modal shift from road to rail;

• (rail-road exchange) on the growth of demand in the Venlo region.
Together phase 1 possibly could be achieved in 2005, phase 2 in 2010 and phase 3 in
2010+.

������ &DSDFLW\��OD\�RXW�DQG�FRVWV
The average intensity is 137 crane moves and 23 sortings per hour. The maximal inten-
sity (capacity requirement) is 164 crane moves and 65 sortings per hour. The maximum
storage requirement is about 226 LUs.

The terminal design is based on Noells Megahub concept. It is dimensioned in the fol-
lowing way: 3 tracks, 4 semi-automated cranes, a short sorting system with 19 shuttle
cars.
This equipment is sufficient to run the exchange of:
• phase 1 in the time between 18.00 and 8 o’clock (14 hours)14;
• phase 2 in 20 hours;
• phase 3 in 24 hours.
In all of these times about 20% of the capacity is reserved as buffer for non-punctual
trains15. Nevertheless, these have to wait outside the terminal for handling.
The mix of rail-road and rail-rail operations in the time implicates that fully robotised
operations are not possible (rail-road operations require manual positioning).

The total investments are about 38 million euro (without siding), of which 19 for cranes
and 12 for the sorting system. This leads:
• (in case of 240,000 LUs/year) to capital costs of about 20 euro/LU. The operational

costs are expected to be 14 euro/LU. The total in this case is 30 euro/ LU (3 shifts);
• (in case of 405,000 LUs/year) to capital costs of about 8 euro/LU. The operational

costs are expected to be 12 euro/LU. The total in this case is 20 euro/ LU.

���� 7KH�FDVH�9DOEXUJ

������ 7KH�IXQFWLRQDO�PDLQ�OLQHV
Valburg is a terminal for:
• rail-road exchange. The involved bundling concepts are BE-networks (the trains end

or begin at Valburg) or L-networks (the trains stop at Valburg and continue their
journey).

                                                
14 Alternatively, the terminal could operate with 3 instead of 4 cranes in phase 1.
15 In this case non-punctual trains maximally have to wait 2 hours until they are handled.
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• rail-rail exchange. The involved bundling concepts are TCD-networks or TF-
networks (the OD-matrix does not express which of the two). In both cases the ex-
change takes place between trunk trains on the one hand and feeder trains on the
other hand. There is no exchange between trunk trains.

The typical operations are shown in Figure 4.4 and Figure 4.5. The exchange volume is
ca. 670 LUs a day (190,000 LUs/year).

)LJXUH���� 7KH� H[FKDQJH� RSHUDWLRQV� DW� WKH� 9DOEXUJ� WHUPLQDO� EHWZHHQ� IHHGHU
WUDLQV
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)LJXUH���� 7\SLFDO�H[FKDQJH�RSHUDWLRQV�DW�WKH�9DOEXUJ�WHUPLQDO�EHWZHHQ�WUXQN
DQG�IHHGHU�WUDLQV

������ &DSDFLW\��OD\�RXW�DQG�FRVWV
The average intensity is about 76 crane moves and 15 sortings per hour. The maximal
intensity (capacity requirement) is 160 crane moves and 40 sortings per hour. The
maximum storage requirement at any moment is about 91 LUs.
The terminal design is based on Noells Megahub concept. It is dimensioned in the fol-
lowing way: 6 tracks, 4 semi-automated cranes (each of them has a capacity of 30
LUs/hour), a short sorting system with 13 shuttle cars. Three tracks are normally occu-
pied by trunk trains, the other three tracks by feeder trains. All parallel trains can stay at
the terminal when they are at Valburg.
The terminal does not have particular buffer tracks. But track occupation and crane ca-
pacity reserves allow the handling of non-punctual trains at other than the planned peri-
ods. However, not in the peak periods, because the crane capacity is dimensioned on the
peak demand. Such trains do not have to wait very long. Tracks for buffering of trains,
break controls etc. are probably not required.

Figure 4.5 focuses on the most important parts of the exchange operation and thus the
simultaneous presence of exchanging trains at the terminal. In reality and in the OD-
matrix such trains do not enter or leave the terminal at exactly the same time. There is a
difference of arrival of ± 5 minutes and the same for the departures, as the trains use the
same link infrastructure. These slight differences of arrival and departure times are not
shown in the figure.
The use of tracks implies that the feeder trains are diesel powered or - in case of electri-
cal powering - that a change of locomotives is necessary at the terminal.
The total investments are about 42 million euro (without siding), of which 23 for cranes
and 9 for the sorting system. This leads to:
• (in case of 190,000 LUs/year) to capital costs of about 20 euro/LU. The operational

costs are expected to be 25 euro/LU. The total in this case is 44 euro/ LU;
• (in case of 430,000 LUs/year) to capital costs of about 9 euro/LU. The operational

costs are expected to be 11 euro/LU. The total in this case is 20 euro/ LU.

���� 7KH�FDVH�'XLVEXUJ

������ 7KH�IXQFWLRQDO�PDLQ�OLQHV
A major objective of the DeCeTe- and ECT barge terminals and the PKV-railterminal at
Duisburg as well as the port authority, is to improve and develop intermodal transport in
the Duisburg region. Since the potentials for a substantial increase of intermodal trans-
port are not found in serving only the local market, an important strategy to realise this
objective is to develop these terminals - which are located adjacent to each other - into a
hub for barge/rail/road transport. The development of barge/rail services plays a major
role in this strategy.
The development of barge/rail services implies that maritime barge flows are bundled
with continental rail flows. In this way barge and rail transport at Duisburg can mutually
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reinforce each other. On the one hand, potentials of barge transport will be enhanced, if
barge services can be linked to rail services to dry inland destinations.  On the other
hand, rail services will profit from links with barge services. The mutual advantages are:
higher loading degrees and higher transport frequencies. This will improve the price and
quality of barge and rail services at Duisburg. Therefore, development of intermodal
transport at Duisburg will be stimulated.

The barge services to/from Duisburg are focussed on serving the seaports (mainly Rot-
terdam and Antwerp). The rail services are focussed on inland destinations into many
directions. Linking these services requires a matching of arrival times of barges with
departure times of trains and solutions for minimising the additional terminal costs of
exchanging units between vessels and trains.
The exchange volume between barge and rail, which is being envisaged for 2005, is
about 75,000 units.
In the present operations vessels arrive in the morning and the trains leave in the even-
ing and night. When the vessels are unloaded the barge containers are temporary
stacked at the quay side awaiting for movement to the rail terminal by a Mafi vehicle,
there they are temporary placed in a buffer stack awaiting for transhipment onto the
train or are possibly directly transhipped onto the train, if the train is already present at
the terminal. In addition to the inter terminal transport, in general, at least 3 handlings
are necessary. The typical operations are shown in Figure 4.6. The ambition is to reduce
the number of handlings and to save on the inter terminal transport costs.

)LJXUH���� 7\SLFDO� H[FKDQJH� RSHUDWLRQV� DW� WKH� EDUJH� DQG� UDLO� WHUPLQDOV� LQ
'XLVEXUJ�

������ &DSDFLW\�DQG�OD\�RXW
The required system capacity for the inter terminal transport has been determined on the
basis of the handling capacity of the barge crane, which is about 30 moves or 45
TEU/hour. Assumed is that the barge crane should not have to wait, during unloading a
vessel. Based on the vehicles’ load capacity, their driving speed, the average travelling
distance and the required time for handling the vehicles, a system capacity could be de-
termined. The following system capacities were found:
• Mafi vehicle (present system): 10 TEU/hour. Optimisation of the present system

would increase the capacity to 16 TEU/hour
• Mafi trailer trains: 48 TEU/hour
• AGV-system: 10 TEU/hour
• Linear motor system: 12 TEU/hour
The lay out of the terminal site will be an important element with respect to the attrac-
tiveness of the different systems. The average distance between the barge and rail ter-
minal is about 600 meter.
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���� ,QWURGXFWLRQ

In the preceding chapter five case studies have been elaborated, which focused mainly
on the new-generation terminal. However, as accomplishing the integration of networks
and terminals is one of the main objectives of TERMINET, in this chapter several
promising combinations of networks and terminal concepts are evaluated. For this, two
criteria have been decisive:
a) the combination of network and terminal is feasible on the technological, opera-

tional and economical level, within reasonable assumptions;
b) the relative advantages of using innovative concepts are substantial and undisputed.

As each situation is different, it is not possible to present a complete list of the most
promising terminal-network combinations. Instead, three realistic cases have been
studied. Each case represents different aspects of the intermodal transport, as well as
different categories of terminal and network innovations. In the case of Metz, research
focused on the replacement of a large shunting yard by a new-generation hub terminal.
There was a relative strong focus on the advantages of modern technology. In the case
of Duisburg, the main objective was to combine rail and barge terminals in the same
network, using advanced, but not robotised technology, and to optimise the network by
means of operational, rather than technological measures. The example of the Ringzug
Rhein-Ruhr is somewhere in between, supposing the appliance of a system of semi-
robotised compact terminals to an innovative regional network.

Finally, a more general image is presented of a possible future intermodal transport.
Such a situation could serve as a policy objective.

5
INTEGRATING NETWORKS AND TERMINALS: A
FUTURE IMAGE OF INTERMODAL TRANSPORT
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���� 0HW]�6DEORQ�DV�D�KXE�LQ�WKH�,&)�4XDOLW\�1HWZRUN

Currently, terminals play hardly any role in rail-rail exchange between intermodal
flows. Shunting yards dominate this type of operations. Shunting allows the exchange
of load units between a large number of trains (up to 30 per batch or night) and the bun-
dling of intermodal and non-intermodal flows. This makes it possible technically to
serve small intermodal flows.
However, shunting yards have some operational and economical disadvantages:
a) the relative long handling times reduce the time left for trains to run on the network

and, accordingly, the maximum distance that can be covered;
b) the large amount of space that is required (about three times the train length);
c) the higher costs, compared to transhipment. The costs of shunting empty wagons in-

crease the total costs per load unit;
d) the high noise level, compared to transhipment.

In the last decade, European railway companies have invested into large and modern
‘new-generation’ shunting yards that use robotised shunting locomotives and allow effi-
cient operations. To take full advantage of these yards however, innovative wagons and
automatic (un)coupling and brake reconnection are required.
Cost effects of robotising shunting yards were not investigated in TERMINET. Time
advantages will rather be the consequence of operational strategies than of technological
measures. Modern shunting yards require just as much space as conventional ones do.

The shunting yard Metz-Sablon is one of the main hubs in the ICF Qualitynet (Figure
5.1). The possibility of replacing this yard by a new-generation terminal was studied
extensively in TERMINET. A case-specific terminal was designed (Figure 5.2)16.

Franke and Vogtmann (2000) mention a reduction of the terminal time from 5:20 hours
to 1:10 hours with the case-designed terminal Noell Megahub, a terminal suitable to re-
place large shunting yards as Metz. This means more possibilities with respect to differ-
ent network operations, e.g. an increase of the maximum distance of 250 to 330km. – in
this aspect intermodal transport then could beat unimodal road transport – or additional
intermediate nodes.
The restriction to six tracks means trains would have to arrive and depart in batches,
which means that some trains may not connect and load units would have to stay in the
terminal until the next train. To reduce this disadvantage to a limited number of load
units, network adjustments may be required. However, in case of Metz the time loss for
consignees will be nil, compared to the present situation with long shunting times.
The reduction of the transhipment time means that with optimised network operations, it
would be possible to handle all trains within an 8 hour time window each day. Even
then, there would be a spare capacity within the time window, as well as during the
night. Eventually it is possible to expand the terminal to 10 cranes or to enlarge the
automatic sorting system.

                                                
16 The functioning of this terminal is explained in §4.2.1 of Bontekoning and Kreutzberger (1999).
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)LJXUH����� 0HW]�DV�D�KXE�LQ�WKH�,&)�QHWZRUN�

Source: ICF (1999).

Investment costs are approximately ε48 million17. Operating costs are expected to be
about ε3 million per year, which would mean ε10.4 per load unit in case of the actual
transhipment volume of 290,000 units per year. Overall, capital and operational costs
are expected to be about ε27,6 per unit with an annual throughput of 290,000 units.
There are cost benefits too. The present yard in Metz-Sablon covers an area of 25ha.,
which with a Megahub could be reduced to circa 10ha. Also, a reduction of about 40 to
50% of the personnel is possible. In case of robotised cranes, an additional reduction of
labour of 6 crane drivers per shift can be achieved.

It seems that the disadvantages of shunting with respect to intermodal transport still
have not entirely been overcome by the introduction of modern shunting yards, espe-
cially when compared to modern terminals. However, shunting yards may be an inter-
esting alternative if the batches of trains that must be exchanged simultaneously are
larger than new-generation terminals can handle, i.e. larger than 6 to 11 trains. Never-
theless, the example of Metz shows that, at least in some cases, complex, large-scale
operations may be executed more efficiently by new-generation technology.

                                                
17 Without interest; based on the present transport volume and a depreciation period of 25 years (Francke

and Vogtmann, 1999; Terminet D10, 2000).



48

)LJXUH����� 1RHOO�0HJDKXE�IRU�0HW]�

cr
an

e 
2

cr
an

e 
4

cr
an

e 
5

70
0 

m
.

ca.  80 m.

truck lane/storage lane

storage lane

tracks

sorting system

storage lane

cr
an

e 
1

cr
an

e 
3

cr
an

e 
6

Source: Franke and Vogtmann (2000).



49

���� 5RWWHUGDP�'XLVEXUJ�7&'�EDUJH�QHWZRUN

Duisburg is an important transport node in the German Ruhr area, with good facilities
for intermodal barge and rail transport. In Duisburg maritime containers from Rotter-
dam and Antwerp are transhipped from barges onto trains and bundled with continental
flows.
The research in TERMINET focuses on the terminals in the Ruhrorter Hafen. Until re-
cently these were the DeCeTe barge terminal, with a transhipment volume of about
90,000 load units in 1998, and the PKV rail terminal, with a volume of 130,000 units.
The two terminals could be considered to operate at one site. The PKV terminal is the
origin/destination terminal for many national and international train services. The ter-
minal performs as a terminus. At present, mainly train-truck transhipment takes place. A
new barge terminal has been constructed in 1999 by ECT. This will function as an out-
post terminal, relieving storage capacity problems of ECT Rotterdam and improving its
accessibility. The expected volume for this terminal is 120,000 units in 2005.
To increase the role of Duisburg in the national and international intermodal transport,
these three terminals should be developed into a barge/rail/road hub. The focus is
largely on the development of rail/barge services. Objectives are:
a) reduction of costs in the barge/rail transport chain, by improving the conditions for

exchanging containers between barge and rail in a cost-effective way;
b) improving the connection time between barge and rail services.
The exchange of containers between barges and trains can take place via internal trans-
port between the barge and rail terminal. At this moment exchange of load units be-
tween barge and train only takes place incidentally; in most cases (about 80%) this con-
cerns empty containers. No barge/barge transhipment takes place; however, in the future
this would be possible at the ECT terminal. The possible measures for improvement
mentioned below are based on a forecasted internal barge/rail transhipment of 75,000
units in 2005.

Three options have been studied in TERMINET (Erni, 2000):
a) an extension of the current practice with MAFI-trucks and an identification system,

from which MAFI drivers receive directions about the next unit they should pick up.
The proposed system with 12 trailers and 3 operational MAFI-trucks has a capacity
of 20 TEU/hour. The total technology costs of the system would be about ε830,000;
there are no additional infrastructure costs. The yearly costs for operating, mainte-
nance and staff would be circa ε430,000. Using a ‘MAFI-train’, figures would be
somewhat better.

b) an AGV-system, guided by transponders beneath the road surface. Application of
this system is hindered by the existence of a public road in the centre of the terminal
area, that the AGV’s will have to cross. Both for legal and practical reasons, auto-
mated vehicles cannot interfere with non-automated trucks. The current design does
not yet provide a solution for this.

  For this system, the costs of technology and infrastructure are ε2,8 million. The total
operational costs would be almost ε345,000, which is less than with the MAFI-
system. However, this is more than compensated by higher capital costs. The overall
difference is small.
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c) a transport system with a linear induction motor, like the one used in the Noell
Megahub. The system has 10 shuttles. However, also in this case the need for the
shuttles to cross the public road is a barrier.

  The costs of technology and infrastructure for this system are approximately ε13,7
million. Most of this (ε11,3 million) are costs for the specialised infrastructure. Due
to the high investment costs, capital costs are much higher than for the other op-
tions. Total operational costs are ε1,2 million. Overall, this option is by far the most
expensive.

The chances for the appliance of new-generation terminal technology in Duisburg seem
to be limited. There are benefits, but the high investment costs are a severe problem.
However, further progress could be found in improvements by applying innovative
types of operations elsewhere in the network, e.g. by implementation of the CUB con-
cept in the port of Rotterdam.

The Container Exchange Point for Barge Transport (CUB) is an exchange point for
containers between barges, designed to function as a hub or CD-terminal between dif-
ferent terminals in the harbour of Rotterdam on the one hand and several inland barge
terminals along the Rhine on the other hand. The concept is applicable to any other
comparable situation.
The lay-out of the CUB focuses on direct barge-barge transhipment without interference
of any storage area. The CUB handles standardised push-barges on the harbour side and
non-standardised barges on the inland waterway side. Groups of 2 to 4 push-barges are
moved from the CUB to Rotterdam, split there and distributed across different barge
terminals (Figure 5.3). Later on, a same amount of push-barges is collected again,
united to a convoy and moved to the CUB. The main objective of such operations is to
delegate the time consuming harbour operations to specialised and relative cheap barge
equipment (the push-barges can be handled at the terminals without any motor unit
waiting).

The combination of a CUB near Rotterdam and the Duisburg network seems a very
promising one, since the CUB could neutralise some disadvantages of the barge services
on this route.
Currently, all barge services have more or less the same sailing schedule. The terminal
time in Duisburg as well as in the port of Rotterdam is about 18 hours, making the total
cycle time 72 hours. With organisational improvements, this could be reduced to ap-
proximately 44 hours for a 90 TEU vessel and 68 hours for a 398 TEU vessel. For
regular services, a cycle time of (a multiple of) 24 hours is preferable, e.g. 48 hours for
a 90 TEU vessel (Konings, 1999b).
A time reduction in the port of Rotterdam – where the barge calls at several terminals –
could be achieved by implementation of the CUB. Also, this would enable a connection
with more terminals in the same time.
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)LJXUH����� 7KH�5RWWHUGDP�'XLVEXUJ�EDUJH�QHWZRUN�ZLWK�D�&8%�
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Source: adjusted from Vleugel and Kreutzberger (2000).

This is illustrated by an example for one vessel in Figure 5.4. Presently, the cycle time
is 72 hours. In Rotterdam the vessel calls at two terminals, which in total takes more
than one day. With the adjusted sailing schedule, the vessel only sails to the CUB where
it exchanges units with the CUB barge. While the vessel is on its way to Duisburg and
back to Rotterdam, the CUB barge delivers units at different terminals in the port of
Rotterdam, at the same time picking up units for transport to Duisburg. In the example it
is assumed that the terminal time in Duisburg could be reduced from circa 18 to 12
hours. Together with the CUB, this means that the present cycle time of 72 hours could
be reduced to 48 hours, in other words each week an additional tour could be made.
Also, the CUB barge calls at three terminals in the port, instead of two. This number
could increase if several CUB barges are applied that call at different terminals in the
port (as in Figure 5.3).

As this example shows, in some cases considerable cost and quality benefits may be
gained by organisational improvements and innovative operations, rather than complex
technology. In practice the most successful approach might well be the one that focuses
on a certain mixture of all three elements.
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)LJXUH����� ([DPSOH�RI�WKH�DGMXVWPHQW�RI�WKH�VDLOLQJ�VFKHGXOH�IRU�RQH����7(8
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Source: Calculations partly based on Konings (2000c).

���� 5LQJ]XJ�5KHLQ�5XKU

The Ringzug (i.e. ring train) Rhein-Ruhr is a prominent example for innovative line
train concepts for combined transport on a regional level. Its major aims are:
a) to reduce the distance of road collection-and-distribution traffic;
b) to introduce more efficient network operations without shunting;
c) to turn more combined transport potential into demand;
d) to make combined transport more competing.

Due to doubts about the cost-effectiveness of the system, the Ringzug eventually has
not been implemented. Nevertheless, it has been studied in TERMINET, as it is consid-
ered a promising example of the type of bundling networks that in future may increase
the modal share of intermodal transport.

The Ringzug Rhein-Ruhr is about 300km. long and connects ten (in the long run eleven)
terminals. Six of these are regular stops for (inter)national intermodal trains (Figure
5.5). Thus, the Ringzug has a double transport function as a trunk line for intra-regional
transport and as a collection-and-distribution sub-system in the (inter)national network.
It is attractive to use the Ringzug instead of road transport for the collection and distri-
bution of containers when the transport distance on the main route is at least 200 km. In
case of regional transport, the Ringzug would be used when it could cover about two
thirds of the total transport distance. In practice a figure of almost 2,000 units per day
seems a realistic estimation, which allows 5 services per day in each direction. This
would mean an expected transhipment volume of 100 to 570 units per day per terminal.
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)LJXUH����� 7KH�5LQJ]XJ�5KHLQ�5XKU�

Source: Transcare, in: Vleugel and Kreutzberger (2000).

Although the concept terminals are equipped with reach stackers and gantry cranes,
heavier, possibly new-generation, equipment could be justified (Sondermann and
Zimek, in: Vleugel and Kreutzberger, 2000). Several regional Ringzug terminals are lo-
cated on dead end rails, often because there is no space for 500m. long terminal pave-
ments next to the main track. A more compact terminal could be located along a parallel
track to the main track of the Ringzug. Thus, time losses could be avoided, as well as of
investments for the long pavement.

In this situation the Tuchschmid Compact Terminal18 seems a good option. This has an
modular structure and could vary in capacity and number of tracks (with a maximum of
four). At small regional nodes within the Ringzug, a CT1/10019 may be sufficient, while
for the largest (inter)national nodes a CT3/600 or CT3/1000 could be developed, as well
as intermediate sizes for different nodes (Figure 5.6). This means it could be ‘tailor
made’ for each of the Ringzug nodes. Also, an initial terminal could be enlarged in
phases, when transhipment volumes increase.
A second advantage of all CT-types is the compact layout, with a length of only 240m.
This implies trains pass through the terminal in three shifts. Dependent on the terminal
size, the number of cranes and the length of the crane sections vary.

To estimate the total costs of Compact Terminals for all Ringzug nodes, it is assumed
that at the (inter)national nodes ‘on average’ a CT3/350 is required (the transhipment
volumes varies widely between nodes), while for regional nodes a CT1/350 is suffi-
cient. Furthermore, it is assumed that at regional nodes no AGV- or sorting system is
necessary. The complete Ringzug network then would require five regional CT1/350

                                                
18 The functioning of this terminal is explained in §4.2.8. of Bontekoning and Kreutzberger (1999).
19 This means: one track and a maximum capacity of 100 units per day. Thus, a CT3/600 has three tracks

and a capacity of 600 units per day etc.
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terminals of circa ε8 million each and six (inter)national CT3/350 terminals of ε14.5
million each20. Together this would make a total of approximately ε130 million; how-
ever, this is a very roughly estimated figure, since no detailed node information. Also,
these figures only include the costs of technology and infrastructure, not the cost of land
requirement. The costs of transhipment could be estimated to lay between ε21 and 24
per unit for a CT3/35021; this may be less than ε20 per unit for a CT3/600 and ε16 to 17
per unit for a CT3/1000. These figures are indicative too.

)LJXUH����� 7XFKVFKPLG�&7�������

Source: Tuchschmid Engineering AG, in: Bontekoning and Kreutzberger (1999).

Although the Ringzug Rhein-Ruhr has not yet proven to be economical feasible, the
concept as such seems promising. This type of services may add to the modal shift on
medium distances. Also, the example shows that in cases like this there could be a use
for new-generation terminals, since their main advantages, in this case a compact lay-
out and a variable size within the concept, may match to the demands of the network.

���� $�SRVLWLYH�IXWXUH�LPDJH�RI�LQWHUPRGDO�WUDQVSRUW

How could a possible future image of intermodal transport look like more in general in,
let us say, 15 or 30 years, if we would extrapolate current trends, taking into account the
demand of shippers and operators, as well as societal needs?

                                                
20 Based on calculations (for TERMINET WP7) by Tuchschmid and OTB for Busto Arsizio.
21 Based on calculations (for TERMINET WP7) by Tuchschmid and OTB for Busto Arsizio.
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Let us suppose that, in the period mentioned above, liberalisation of the railway sector
has been completed. This allowed a speed-up of the development of integrated net-
works, more or less like the networks that were developed earlier in the airlines indus-
try. Several large intermodal operators exploit own, extensive hub-and-spoke of CD
networks, in many cases with own terminals, locomotives and wagons. Some them are
former national railway companies that have been privatised, others have their roots in
the private sector. Also, some ocean shipping lines own locomotives and operate several
train services.

From the region, load units are transported by Cargosprinter or are trucked to the termi-
nal. Other regions are serviced by feeder trains that run on line or begin-end networks,
depending on the transport volume. Some of these feeder services, whether profitable or
not, are provided by the terminal operator as a part of a package deal for exploitation of
the terminal. Other feeder services are provided by truck companies which set up own
rail services, in particular several regional line networks, and by trunk line operators.
Thus, optimal adjustment of feeder trains to the national and international services is
enabled and pre- and end haulage by truck is minimised.

At the main terminal, national and international line or shuttle trains make a quick stop
and exchange load units with regional services and other long distance services. Most
transhipment takes place semi-robotised and, if possible, simultaneously. Although new
load units are slowly being standardised, the terminal cranes are also able to handle the
many old units that are still in use.
At another part of the terminal, smaller numbers of priority units are loaded and un-
loaded. These are transhipped simultaneously or are delivered by direct feeder trains
and trucks just before the train arrived; likewise, they will be the first to be picked up
after the unloading. To ensure a high level of reliability and efficiency, this part of the
terminal is fully robotised; for safety reasons no humans are allowed.
AGV’s transport units to and from the barge terminal nearby. Train and barge networks
are complementary and are fully integrated, although on routes where train and barge
compete they serve different markets. In general, priority cargo may be transported by
road or, occasionally, barge in case no rail service is available. The opposite is true for
raw materials.
National and international trains arrive and depart at the terminal at all hours and, ac-
cordingly, so do feeder trains and trucks. There is no fixed relation between time sched-
ules of trains and the business hours of consignees. Peak hours still exist in the morning
and the evening however, though peaks are flattened out by the appliance of different
tariffs during peak hours. Apart from this, additional charges are required for priority
cargo, for which a maximum transport time is guaranteed, as well as a narrow time win-
dow for delivery. In fact this system of quality differentiation is very much like the
system that has already been common for a long time in mail and courier services.

Although progress has been made in the harmonisation of railway systems, standardisa-
tion is not yet complete; still, there remain some problems concerning different track
sizes. International trains in many cases run on dedicated tracks – especially in con-
gested areas – and are adapted to different systems, so that no change of locomotives is
needed. Also at the terminal the locomotive is not uncoupled. In most cases a small die-
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sel engine is placed in front of it, to pull the train through the terminal. Thanks to elec-
tronic instead of hydraulic brakes, brake testing takes only a few seconds.
Since wagons are modified too, enabling automatic identification and pin setting, very
short terminal times are possible and less labour is needed. Automatic train coupling is
possible too, although it hardly ever happens at the terminal. Few operators still use
conventional, non-modified equipment, since considerable surcharges are demanded at
each terminal. Besides, most terminal operators allow the use of non-modified wagons
only for feeder trains not transporting priority units. An ever-growing number of main
tracks have been closed for conventional wagons, so that these do not disturb the auto-
mated processes at intermediate terminals.

The terminal operator co-operates extensively with the operators of the network serv-
ices. This is a complicated task, as there are several of them, rather different in size and
activities, and their services should connect. Some provide only a few services, while
others exploit extensive networks that may include terminals or shipping lines. Time
schedules of trunk and feeder trains and barges are optimised to enable short terminal
times and a maximum rate of direct transhipment. Thus, a smooth and seamless door-to-
door transport chain is ensured.
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���� ,QWURGXFWLRQ

In the preceding chapters the main network and terminal concepts were discussed, as
well as some promising combinations of the two. The advantages of new-generation
terminals, and of their integration with innovative networks, are clear.
Nevertheless, new-generation terminals have not been successful so far. Therefore this
chapter focuses on the conditions for their successful implementation and on possible
barriers that block, or may block, their implementation.

First of all, economic feasibility of new-generation terminals seems to be a condition
sine qua non for their implementation. Since it has appeared that part of the advantages
of new-generation terminals occur in the network, economic feasibility should also be
defined on the chain or even network level. In §6.3.1 the results of this approach are
presented.
The occurrence of network profits implies that, for a capitalisation of the potential bene-
fits of new-generation terminals, they should be integrated with the network. Preferably,
this should be an innovative bundling network. Therefore, the economical feasibility of
terminals indirectly puts certain demands on the technological and operational charac-
teristics of both the terminal and the network. The most important of these are discussed
in §6.4.
Finally, §6.5 briefly discusses what implementation strategy should be applied and what
role government could play to stimulate the innovation of intermodal transport.

���� )DFWRUV�RI�VXFFHVV�DQG�IDLOXUH�IRU�LPSOHPHQWDWLRQ�RI�LQQRYDWLRQV

������ 7KH�DGRSWLRQ�SURFHVV��SKDVHV�RI�WKH�LQQRYDWLRQ�GHFLVLRQ�SURFHVV
The innovation adoption process is defined by Rogers (in: Terminet, 2000c) as the pro-
cess through which a potential adopter of an innovation – in case of new-generation
terminals this typically is the terminal operator – passes from first knowledge of an in-
novation, to forming an attitude towards the innovation, to a decision to adopt or reject,
to implementation of the new idea and to confirmation of this decision (Figure 6.1).
This process consists of a series of actions and choices over time, through which an ac-

6
CONDITIONS FOR IMPLEMENTATION
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tor evaluates a new idea or technique and decides whether or not to incorporate it into
ongoing practice. This behaviour consists essentially of dealing with the uncertainty that
is inherently involved in deciding about a new alternative to those previously in exis-
tence.

)LJXUH����� 3KDVHV�RI�WKH�LQQRYDWLRQ�GHFLVLRQ�SURFHVV�

COMMUNICATION CHANNELS

I. KNOWLEGDE II. PERSUASION III. DECISION IV. IMPLEMEN-
TATION

V. CONFIR-
MATION

PRIOR
CONDITIONS

1. Previous practice
2. Felt needs/problems
3. Innovativeness
4. Norms of the social
    systems

1. Adoption

   2. Rejection

 Continued Adoption
 Later Adoption

 Discontinuance
 Continued Rejection

Characteristics of 
the Decision-
Making Unit

1. Socio-economic-
    characteristics
2. Personality
    variables
3. Communication 
    behavior

Perceived Characteristics
of the Innovation

1. Relative advantage
2. Compatibility
3. Complexity
4. Trialability
5. Observability

Source: Rogers, in: Terminet (2000c).

With respect to the implementation of new-generation terminals, it seems this process is
somewhere between phases I and II. Research projects have generated a considerable
amount of knowledge, but nevertheless potential adopters have not yet been persuaded
to decide in favour of the innovation. It appears that certain barriers block the adoption
and implementation of innovations in intermodal transport, in particular new-generation
terminals.

������ ,GHQWLI\LQJ�EDUULHUV�IRU�LPSOHPHQWDWLRQ
According to Rogers (in: Terminet, 2000c), the variance in the speed of diffusion may
be explained largely22 by the following features of the innovation (also shown in Figure
6.1):
a) relative advantage: the degree to which an innovation is perceived as being better

than the present situation;
b) compatibility: the degree to which an innovation is perceived as consistent with ex-

isting values, past experiences and demands of potential adopters;
c) complexity: the degree to which an innovation is perceived as relatively difficult to

understand and to use;
                                                
22 According to Rogers the factors a) to e) may explain 49 to 87% of the variance in the speed of diffu-

sion. The element of ‘uncertainty’ was added afterwards by Frambach (Bontekoning, 2000).
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d) trialability: the degree to which limited experiments are possible with an innovation;
e) observability: the visibility of the results of an innovation for others;
f) uncertainty: the degree of uncertainty about the advantages of an innovation and the

additional efforts that are required.

7DEOH����� ,PSDFW�RI�H[SODLQLQJ�YDULDEOHV�RQ�LPSOHPHQWDWLRQ�RI�QHZ�JHQHUDWLRQ
RSHUDWLRQV�LQ���FDVH�VWXGLHV�

Explaining variable Metz Valburg Busto Duisburg Venlo
Perception of innovation

Relative advantage
a) Performance/ service
b) Costs

Compatibility
Complexity
Triability
Observability
Uncertainty

++/n.a.
+/-
--
-

+/-
+

n.a.

+/-
-
--
-

+/-
+
-

+/n.a.
+
-

+/-
+/-
+

n.a.

+/n.a.
-

+/-
+

+/-
+

n.a.

+/n.a.
n.a.
--
-

+/-
+

n.a.
Potential adopter

Size
Degree of specialisation
Type of decision

+
+

n.k.

n.a.
n.a.
n.a.

+
+

n.a.

-
n.a.
n.a.

n.a.
n.a.
n.a.

Information, communication and social
system

Availability
Quality
Value
Social system
Degree of competitiveness

+
-

n.a.
+/-
+

+
-

+/-
-

++

+
-

n.a.
+

++

+/-
+

n.a.
+/-
++

+
-

n.a.
+/-
++

Innovator/supplier
Marketing strategy ++ - n.a. - +

Government
Active outreach programs
Subsidising R&D/ increasing informa-
tion / reliable information

-
+

-
+

-
+

-
n.a.

-
+

++ strong positive relation to implementation;
+ normal positive effect;
+/- diffuse effect (both positive and negative);
- negative relation with implementation;
-- very negative relation.
A positive score means that the variable supports implementation. The variables with a score - and -- can
be pointed out as implementation barriers that need to be overcome. Some variables we could not give a
score due to a lack of information. This is indicated as n.a. (not available).
Source: Terminet (2000c).

Although the variables mentioned above are most important, other variables have been
applied (Table 6.1) with respect to different actors in the diffusion process; these vari-
ables were derived from many former empirical studies which investigated the relation
between certain variables and the adoption or rejection of an innovation. Each variable
has been analysed for each of the TERMINET cases (Metz, Valburg, Busto Arsizio,
Venlo and Duisburg).
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In short, the six main barriers for implementation resulting from the analysis in TER-
MINET are at the moment:
a) lack of clear statements about benefits and costs of new-generation terminals and

complex networks;
b) large dependency on the development of complex networks, which hardly exists ex-

cept for networks which use shunting yards;
c) practical and operational problems such as brake tests, pin setting, seal and damage

checks, change of locomotives and train drivers at borders, change of locomotives at
terminals and priority for passenger trains on congested rail infrastructure;

d) lack of clear fall-back procedures which are needed in case the new-generation ter-
minal operations fail. This especially applies to operations with largely depend on
automation and robotisation;

e) limitation of easy access of test facilities for potential adopters. However, Krupp,
Noell and Transmann have a test site;

f) accessibility of information. Many actors in the transport field hardly know which
information is available. And if they do, it is not easy to access this information, ei-
ther because information is only disseminated among researchers and policy makers,
publication of reports takes place one year or more after finishing a study or results
are not public.

According to Rogers (in: Terminet, 2000c) large relative advantages could overcome
variables with negative values. However, it still means that these other values are barri-
ers which need to be solved.

���� (FRQRPLF�IHDVLELOLW\�RI�QHZ�JHQHUDWLRQ�WHUPLQDOV

������ ,QWURGXFWLRQ
Economical feasibility of new-generation terminals seems to be a condition sine qua
non for their implementation. Therefore, this section focuses on the costs and benefits of
intermodal transport and, in particular, new-generation terminals.
In general, it can be said that comparison of costs between new-generation terminals
and conventional terminals and shunting yard is very difficult. It requires very detailed
information which, in case of future new-generation terminals, may not (yet) exist or, in
case of actual terminals or shunting yards, is considered confidential or is not available
for some other reasons. The main step that should be taken to improve the economical
analysis in further research, is to improve the quality of the input. Therefore the focus in
this section will be more on the general conclusions – that seem beyond doubt, even if
the limitations mentioned above are taken into account – than on exact figures.

������ &RVWV�RI�QHZ�JHQHUDWLRQ�WHUPLQDOV
Table 6.2 shows the level of cost prices of transhipment for four out of five TERMINET
case studies, compared with that of a conventional reference terminal, both at the actual
transhipment volume and at the optimal utilisation rate of the terminal (i.e. 60%, as
higher utilisation rates may go at the cost of the reliability level. Also, the cost prices of
transhipment are given in case a) the costs of depreciation are fully subsidised, b) the
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interest costs are fully subsidised and c) the costs of both depreciation and interest are
subsidised, i.e. only operational costs are taken into account.

7DEOH���� &RVW�SULFHV��ε��RI�WUDQVKLSPHQW�SHU�ORDG�XQLW�

Opening hours 2 shifts 3 shifts 1 shift 3 shifts 3 shifts
Actual cost price/transhipment Busto

Compact
Valburg

Megahub
Metz

Megahub
Venlo

Megahub
Conven-

tional
• actual volume (load units) 130,000 190,000 183,000 240,000 150,000
• actual cost price 32.7 44.4 43.5 34.2 40.0
• actual cost price if deprecia-

tion cost are 100% subsidised
29.6 38.9 35.9 30.3 37.6

• actual cost price  if  interest
costs are 100% subsidised

25.5 30.3 24.0 23.9 35.2

• actual operational cost price 22.4 24.7 16.5 20.0 32.8
Optimal cost  price/transhipment
• 60% capacity use volume

(load units)
174,000 430,000 290,000 407,680 200,000

• optimal volume cost price 24.4 19.6 27.6 20.2 30.0
• optimal cost price if depre-

ciation cost are 100% subsi-
dised

22.1 17.2 22.8 17.8 28.2

• optimal cost price if interest
costs are 100% subsidised

19.0 13.4 15.2 14.1 26.4

• optimal operational cost price 16.7 10.9 10.4 11.8 24.6

Source: TERMINET (2000a).

The current tariffs of inland terminals are ε16 to ε20 per transhipment. These are subsi-
dised, as actual costs per transhipment of the conventional terminal are ε40. However,
these are only indicative conclusions. Making a direct comparison between new-
generation terminals and the reference terminal is somewhat tricky, as there is confusion
about the actual costs and tariffs of inland terminals. For example, the ε16 to ε20 men-
tioned above refer to small terminals with a transhipment volume of 10,000 to 100,000
units, whereas the reference terminal is quite large. It is even more difficult to compare
the costs of new-generation terminals with that of shunting yards, as the estimated costs
of shunting differ between ε40 to ε100 per wagon (about ε25 to ε70 per load unit).
The subsidy on capital costs as used in the example is in fact in favour of new-
generation terminals, which in general require much higher investment costs compared
to conventional terminals. Nevertheless, it seems justified to conclude that while new-
generation terminals also need subsidy to meet market prices, subsidy in many cases is
less than it would be with a conventional terminal. (This is in particular the case with
the Tuchschmid CT for Busto and the Noell Megahub for Venlo, which are less expen-
sive than the terminals for Valburg and Metz.)

The picture is quite different in case the optimal utilisation rate of 60% is achieved. In
that case new-generation terminals can utilise their large capacity, which results in con-
siderable lower costs per unit. In some cases, especially Valburg and Venlo, it seems
hardly necessary to subsidy at all. However, the assumed volumes that are necessary for
this seem quite unrealistic for the foreseeable future.
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������ $QDO\VLV�RI�WKH�HFRQRPLF�IHDVLELOLW\�RI�QHZ�JHQHUDWLRQ�WHUPLQDOV23

Research on economic feasibility of new-generation terminals in TERMINET was fo-
cused mainly on the following objectives: profitability, growth and continuity. Eco-
nomical calculations were made for the terminal case studies Metz, Valburg, Venlo,
Duisburg and Busto Arsizio (TERMINET, 2000a), for which case-specific terminals
were designed, based on actual network operations or on realistic assumptions of future
network operations. A business economical model was used for this24. It is important to
realise that the quality of the output from these calculations is determined by the quality
of the input, provided by several TERMINET partners.

Main objective of the business models was to evaluate the economical feasibility of the
five terminals, in order to gain insight in the feasibility of new-generation terminals in
general. Since one of the main findings of TERMINET is the importance of the integra-
tion of terminal and network operations, also the possible additional gains were taken
into account that could occur on the network, as a result of the new-generation opera-
tions at the terminal. When, due to these gains, the net profit was positive, taxes were
also taken into account.
The difference between feasibility analysis and the cost price calculation in §6.3.2 is
that not only costs but also profits were taken into account. Furthermore, a dynamic ap-
proach is chosen, taking into account a period of 6 years, while the cost price calcula-
tion is static.
Economical feasibility has been analysed both with and without government subsidies;
in the public investment scenario government subsidies all investment costs, while in
the private investment scenario there are no subsidies. Return on investment and net
profits during a period of 6 years after the implementation of the new-generation termi-
nal were analysed. Furthermore, the payback period of investments was estimated.

Public investment scenarios of most terminals lead to high positive net profits on the
short term. Results for Valburg are the least positive. Therefore the feasibility of this
terminal could be a cause of anxiety on the short term. However, the results could be
somewhat more positive in case another – smaller – terminal would be designed. For
example, with just a few minor adjustments of the terminal operations, a Megahub with
only 4 tracks would be sufficient, instead of one with 6 tracks. Of course this could
change the results of the feasibility analysis. Unfortunately however, it was not possible
to analyse several terminals per case.

Calculation of the pay-back period25 gives an indication of the expected number of years
that the initial investment is paid off. In any case this should be within the depreciation
period of the terminal, estimated at 20 years.

                                                
23 This section is limited to the main – qualitative – conclusions of the feasibility analysis. For exact re-

sults we refer to TERMINET (2000b), on which this section has largely been based.
24 In case of Duisburg, Excel has been used for modelling, in the other cases Powersim.
25 The pay-back period is calculated as: the net present value in the last year of the analysis divided by

the cash flow in that year.
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Calculation of the pay-back period in the public investment scenario shows results of
approximately 7 to 16 years. Therefore, we can conclude that investment in these cases,
given the payback periods and the assumption of public investments, is very interesting.
In the private investment scenario, no expected payback period is calculated; with
negative cash flows no expectations of payback can be formulated. However, without
government public investment the pay-back periods are expected to be higher then in
public investment scenarios. How much is very difficult to predict because cash flows
in some cases are negative.

������ &RVWV�RI�LQWHUPRGDO�WUDQVSRUW�RQ�WKH�FKDLQ�OHYHO
The cost structure of the intermodal transport chain, as well as that of unimodal road
transport, are shown in Figure 6.2. This example concerns a distance of about 1150 km
in the hub-and-spoke network, with Metz as a hub. It is important to realise that, due to
the stepwise cost structure of intermodal transport, no break-even distance can be de-
duced from such figures, although this appears very tempting. Figures are indicative, as
certain margins have been applied in the estimation of costs.

As the analysis in TERMINET shows, maritime intermodal chains are likely to be com-
petitive with road transport in all distance classes, as they have pre and end haulage
only on one end of the transport chain. Continental intermodal chains will be competi-
tive for medium to long distances. On short distances the competitiveness depends on
the availability and the use of network profits.

Figure 6.2 also shows that the effect of a higher speed of trains, i.e. 80 instead of 30
km/h in the example, is most promising. This will reduce the costs on the links substan-
tially. However, an increase of the speed is difficult to realise, due to the limited capac-
ity on the network.
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)LJXUH����� &RVW� VWUXFWXUH� RI� WKH� LQWHUPRGDO� FKDLQ�ZLWK� RQH� LQWHUPHGLDWH� WUDQ�
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Figure 6.3 shows schematically the effects of the implementation of new-generation
terminals at the begin and end nodes and at the intermediate node (e.g. a hub). It appears
that the profits made on the links more than compensate for the higher costs of tran-
shipment at the nodes.
As appeared from the feasibility analysis (§6.3.3), it is necessary to take into account
the possible profits that occur in the network, due to the implementation of new-
generation terminals, when measuring their costs and benefits. Roughly, these profits
could be the result of a) higher load factors, b) higher transport frequencies and c)
shorter circulation time for both wagons/barges and load units, that become possible by
the implementation of a new-generation terminal and new bundling concepts.
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)LJXUH����� &KDQJHV�LQ�WKH�LQWHUPRGDO�FKDLQ�FRVW�VWUXFWXUH�GXH�WR�WKH�LPSOHPHQ�
WDWLRQ�RI�QHZ�JHQHUDWLRQ�WHUPLQDOV��GRWWHG�OLQH��
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������ $OORFDWLRQ�RI�FRVWV�DQG�EHQHILWV�ZLWKLQ�WKH�WUDQVSRUW�FKDLQ
The economic feasibility of new-generation terminals depends very much on the termi-
nal concept and design chosen in each situation; the results for the cases discussed in
this chapter are therefore more of an indication, than a definitive answer. Nevertheless,
they suggests that in most cases public investments are needed for the implementation
of new-generation terminals – which is in fact not different with conventional terminals.
Given this, the feasibility analysis shows that an economic feasible implementation of
new-generation terminals is possible. However, a few comments should be made with
respect to this.

The costs of the investment in a new-generation terminal are made by the terminal op-
erator, while part of its benefits occur elsewhere at the network. This would imply that
the network operator would reap the fruits that have been paid for by the terminal op-
erator. Analysis in TERMINET of the economical feasibility of new-generation termi-
nals indicates therefore that a) economical feasibility should be defined at the chain
level, including both terminal costs and network profits, and b) cross subsidies within
the chain, that is between the terminal and the network, are in many cases required for a
feasible exploitation. This implies a (re)allocation of costs and profits within the trans-
port chain.
In practice this could mean that profits from the network compensate the network op-
erator for increased terminal tariffs, as long as the total results for both the terminal op-
erator and the network operator – i.e. within the total transport chain – are positive.
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This, in turn implies, that in many cases the materialisation of potential network profits
is necessary for an economical feasible terminal exploitation. This, again, would require
the integration of the terminal and the network26.
Terminal and network operators should co-operate to achieve forms of chain manage-
ment and agree on the necessary redistribution of the costs and profits of new-
generation terminals. Government, in turn, should not focus only on the links or even
the nodes, but at the combination of the two. If necessary, it should mobilise network
and terminal operators, stimulating them to co-operate.

���� 7HFKQLFDO�DQG�RSHUDWLRQDO�DVSHFWV�RI�LPSOHPHQWDWLRQ

������ ,PSOLFDWLRQV�RI�WKH�LQWHJUDWLRQ�RI�WHUPLQDO�DQG�QHWZRUN
The preceding section stressed the economical importance of integrating the terminal
and the network. However, especially with innovative network this has many technical
and operational implications. These include the pros and contras of robotisation of ter-
minal operations. Integration of terminals and innovative bundling networks is possible
only to a limited extent with conventional technologies. On the other hand objections
might be raised concerned the problems involved with robotisation, e.g. the reliability of
robotised systems. Also, the compatibility of the network requirements made by new-
generation terminals with the actual network operations deserves attention.

Most of the technical and operational issues discussed in this section are in fact not so
much inevitable conditions for implementation of any new-generation terminal as such,
as matters that should be dealt with in future, to make possible an innovation of the in-
termodal transport system on a larger scale. This is in particular true for future times
operations.

������ )XWXUH�WLPH�RSHUDWLRQV
The advantages of future time operations are more or less comparable with those of
new-generation terminals. The mutual reinforcement of benefits that could be achieved
by combining the two, is a powerful example of the synergy between networks and ter-
minals. Therefore, the implementation of future terminal times seems to be an important
condition for the improvement terminal operations. However, the problems involved
with their implementation are considerable.

The intermodal trains presently have conventional time schedules. Trains run during the
night, because at night the infrastructure is not occupied by passenger trains. Also, ship-
pers demand arrivals of trains at rail-road terminals in the night or early morning and
departures in the evening.
The consequences of conventional time operations are:
a) only a certain distance can be covered each night (the ‘Nachtsprung’);

                                                
26 Preferably, this should be an innovative bundling network, as this makes the best use of the advan-

tages of new-generation terminals and offers the largest advantages in terms of economies of scale,
fastness of transport etc.
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b) the wagons of trains are present at a begin-end terminal all day, which is not very
productive, except that the wagons can partly serve as storage facility;

c) the storage demand has two daily peaks, one in the morning and one in the evening,
to which the terminals storage capacity must respond;

d) many trucks are only loaded in one direction.

In contrast to conventional times, with future time operations intermodal trains run at all
hours of a day, with terminal arrival and departure times distributed more equally. Thus,
it is possible to let the trains return to the network as quick as possible after tranship-
ment. This implies shorter terminal times and more time to spend on the network, as-
suming the total terminal-network cycle time stays the same. This spare time means that
larger distances may be covered or additional intermediate terminals may be included in
the service, thus increasing the service area and making trains more productive. The re-
sult of this is a costs and efficiency advantage.

However, an important barrier for the large-scale implementation of future times opera-
tions is the rail capacity during the day, when the tracks are primarily occupied by pas-
senger trains. This situation may improve by an increase of the speed of freight trains,
which would easy the assignment of paths to intermodal trains. Also, the network ca-
pacity could be increased by implementation of advanced safety systems that allow
trains to run at short intervals. Where these improvements are not sufficient, the imple-
mentation of future times operations would require the construction of new tracks or
even dedicated rail tracks for freight transport. Expectations are however, that this will
be limited largely to the replacement of single bottlenecks.
Another problem could be the way future times restrict the freedom of shippers and
other clients of intermodal operators. Implementation of future times implies that ship-
pers may have to call at the terminal on different hours to pick up or deliver load units.
Consequently, consignees may receive load units at inconvenient hours.
However, there are compromise models in which operations services with conventional
times are reduced, but not abolished. Every destination may still be reached by trains
that depart at conventional times, but other trains depart at different times during the
day. Thus, shippers can choose and those who choose for non-conventional times, can
take advantage of the cost benefits, as soon as the intermodal operators pass these on to
their clients. The use of future times services could be encouraged by tariff differentia-
tion (Terminet, 1999). This might imply a partly uncoupling of train arrival and depar-
ture times and the time schedule for picking up and delivering of load units by shippers.

������ %DUULHUV�IRU�URERWLVDWLRQ
Of all new-generation technologies, robotisation of terminals attracts perhaps the most
attention. Most new-generation terminal concepts are robotised or semi-robotised. In
some cases robotisation is an option, rather than a central characteristic of the concept.
It is still a matter of discussion to what degree, and in what circumstances, robotisation
of terminal operations is preferable.

In general, much attention has been paid to the automation and robotisation of the tran-
shipment process itself. However, for a successful implementation of robotisation it is
necessary also to give some thoughts to secondary procedures that may seem insignifi-
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cant, but in practise can hinder smooth terminal operations. These mainly have to do
with the arrival and departure of trains, rather than with the actual transhipment of units:
a) pin setting: the pins on the rail wagons have to be set in the right position for differ-

ent sizes of load units. This still has to be done manually. It should not take a long
time to develop a technology to automate this, e.g. by using springs;

b) wagon identification: wagons must be identified, in order to place units on the right
wagons. This is important because wagons may have different destinations. Also,
some new-generation terminals require a specific loading order to reduce the inter-
nal transport. Presently, wagon identification is still done manually, although a tech-
nological system seems possible;

c) damage and seal check: arriving load units must be checked for damage. Also, their
seals should be checked. It seems difficult to robotise this, although it could be done
at a distance by video;

d) physical check: it must be checked physically if all load units stand on the pins
properly. This also could be done by video or an ‘electronic eye’;

e) brake tests: wagons should have electronic brakes. When the locomotive has been
uncoupled, brake tests are necessary. The hydraulic brakes that are still common at
the moment means that these tests take too much time (up to half an hour). With
electronic brakes they would take only a few seconds;

f) train coupling and sharing should be automated and, if possible, avoided. Also, the
change of locomotives should be avoided.

Most of these procedures still have to be executed manually. This is a major barrier for
robotisation, because it implies human beings should work in robitised areas, which is
not allowed for safety reasons. Besides, manual procedures take too much time – insofar
as they cannot be carried out parallel to the transhipment itself – thereby reducing the
time advantages of new-generation terminals.
In fact however, most of these are not technological barriers. In most cases the technol-
ogy for automation is already available or could be developed in the near future. How-
ever, this would imply that all wagons should be adapted or replaced by dedicated wag-
ons, which would require a large investment. While the benefits of this are for the ter-
minal operator, the network operators have to pay for it. Most realistic seems to be the
replacement of depreciated wagons by dedicated wagons. However, as the average life
cycle of a rail wagon is measured in tens of years, it may well take 30 to 40 years to re-
place all wagons. Nevertheless, this seems a necessary step in the innovation of inter-
modal transport, which should be a main point in intermodal transport policy. Further-
more, when replacing the old wagons, the standardisation of (new) wagons should be
taken care of.

������ 5HOLDELOLW\�RI�LQQRYDWLYH�QHWZRUNV�DQG�QHZ�JHQHUDWLRQ�WHUPLQDOV
Reliability of transport is probably the most important aspect of transport quality and
certainly one of the most important competition factors in transport, nowadays even
more than before. Therefore, a main condition for a successful implementation of new-
generation terminals and innovative networks is their reliability.

If intermodal transport is to compete with road transport, it has to offer at least equal re-
liability. While it is true that trucks suffer more and more from traffic congestion, this
may also be the case for pre- and end-haulage in the intermodal transport chain.
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Delays, for whatever reason, are the most common type of reliability problems. Once
there is a delay, it may easily spread over the network, especially when the network ca-
pacity is limited. Then, the problems of fitting in a delayed train in an already rather
stringent time schedule may easily cause additional delays.
Delays in the transport chain may occur either during terminal operations or in the net-
work. It seems reasonable to assume that the chance for delays increases with the num-
ber of intermediate transhipments in the transport chain. This means that complex bun-
dling, since it is characterised by at least one intermediate transhipment, may increase
the vulnerability of transport for delays compared to direct point-to-point transport.
Complex networks with short terminal times may be even more vulnerable for delays,
because there is no buffer time to compensate for the loss of time (in contrast to the
typical conventional terminal, where trains stay on the terminal all day). This is espe-
cially the case with future time operations, when trains should return to the network
immediately after transhipment, so that there may be no buffer time at all.
As in many complex networks part of the transhipment is simultaneous (direct train-to-
train), dependent on the policy of the operator trains may have to wait for each other
(for example in a hub terminal). This could mean a delay spreads to all trains.

There are three ways to prevent delays or to compensate for them:
a) increasing the speed on the network, to make up for the loss of time. In practice this

is difficult, since it requires a surplus of network capacity at any moment;
b) increasing the transport frequency. Thus, delayed load units can easily go with the

next train, without the necessary for trains to wait for each other or for delayed
trucks. However, this requires sufficient transport volumes to maintain frequent
services and at the same time it requires some spare capacity on all trains;

c) anticipating for possible delays and include a certain buffer time in the time sched-
ule. However, this will partly neutralise the benefits of fast transhipment at new-
generation terminals, increase the transport time and make the transport less effi-
cient. Also, it would require buffer tracks or yards for waiting trains.

As b) and c) show, the approaches focused on preventing delays, optimisation of trans-
port reliability will often go at the cost of its efficiency and vice versa (Figure 6.4; see
also Hamilton, Walker and Bennett (1996). A terminal in each given situation faces a
certain level of reliability and efficiency. If the terminal operator focuses on reliability,
efficiency will decrease because reliability requires buffer time and spare capacity, on
trains or barges as well as on the terminal itself. Reliability seems to be optimal, when
the terminal operates at between 60 and 70% of its maximum capacity. Efficiency, in
contrast, requires optimisation of time schedules and the use of full capacity. This
problem is most obvious in innovative networks with fast terminals and short terminal
times, which mean less buffer time is available. In particular with future time operations
the use of time could be optimised to such an extent, that there are hardly possibilities
left to compensate for any delay.

Robotised processes are considered to be more reliable, productive and safe27 than man-
ual operations. This implies that efficiency could be increased if reliability is maintained
                                                
27 Although specific safety measures may be necessary in robotised areas. Apart from this, as Dhillon

and Anude (1993) mention, an unreliable robot in many cases also means an unsafe robot.
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on an equal level. As Figure 6.4 shows, whatever balance is found between reliability
and efficiency, with technical and operational parameters unchanged the total reliabil-
ity/efficiency level will be limited by the constraint line a. A higher level b could be
achieved by optimisation of operations. The highest reliability/efficiency level c how-
ever can only be reached with robotisation of terminal operations. This implies that ro-
botisation may be focused, depending on the operators’ policy, on one of three objec-
tives:
a) a moderate increase of both reliability and efficiency;
b) a large increase of reliability with efficiency unchanged;
c) a large increase of efficiency with reliability unchanged.

However, in case of robotisation the operational reliability is very much dependent on
the technical reliability of the terminal. Unfortunately, it is difficult to test the technical
reliability of robotic systems in advance, e.g. by simulation28. Therefore, there should be
a fall-back system, to take over in case of a defect.
While the general reliability of operations may be expected to increase with robotisa-
tion, the few delays that do occur, tend to be severe. These may be caused by defects of
e.g. the information system. Robots cannot improvise and deal with problems in a flexi-
ble way. To minimise the delay as much as possible in case there is a problem, robotic
systems should have a certain built-in fault tolerance, enabling them to endure some
amount of failure (Hamilton, Walker and Bennett, 1996). In fact the principle is similar
to the built-in buffer time in the train schedule, which was mention above. Accordingly,
any built-in fault tolerance will have some negative effect on the performance of the
system, which is the price for reliability.

Robotisation may increase reliability, making possible highly optimised terminal opera-
tions. In general we may say that, if possible, highly efficient operations with short ter-
minal times should be robotised.

                                                
28 Meyer, 1998, tested the effects of disturbances on the train handling time (e.g. reliability) for the Noell

Megahub.
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)LJXUH����� 7KH��VFKHPDWLF��UHODWLRQ�EHWZHHQ�QHWZRUN�HIILFLHQF\�DQG�WUDQVSRUW
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������ &RPSDWLELOLW\�ZLWK�H[LVWLQJ�RSHUDWLRQV
In general we could say that there is a gap between existing operations and the type of
operation required by new-generation terminals. This is true for both terminal and net-
work operations.
The close relation between terminal and network operations implies that innovation of
the terminal, i.e. a change of the terminal operations, will affect network operations in
several ways. Also, operation at the terminal itself must in many cases be changed when
a new-generation terminal is implemented, due to different transhipment times and ca-
pacity, number of tracks, yard capacity etc.
Adjustment of time schedules, train composition etc. may be a necessary condition for
terminal innovation, in case the new-generation terminal is not compatible with actual
network and terminal operations for technical or operational reasons.
On the other hand, adjustment of present operations may also be necessary for economi-
cal reasons after terminal innovation, to make possible the exploitation of potential
benefits that occur on the network. Potential benefits are valuable only if they can be
materialised indeed into economical benefits. This means time benefits, the result of
terminal innovation, should be materialised by using the extra time to cover more dis-
tance or to make a call at an additional intermediate terminal. This implies adjustment
of network operations, which in this case has not necessarily to do with a possible tech-
nical and operational incompatibility between terminal and network.
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���� ,PSOHPHQWDWLRQ�SROLF\��WKH�UROH�RI�WKH�JRYHUQPHQW

It is widely believed that technological innovation is a main source of economic devel-
opment and that technology is a public product, similar to physical infrastructure and a
clean environment. ‘Market failure’ arguments are often applied to explain that a market
economy underinvests in the production of knowledge and innovation (Leyden en Link,
1992, and Ronayne, 1984, in: Terminet, 2000c). Consequently, it is argued that gov-
ernment should play an active role in advancing basic science and technology develop-
ment and supporting diffusion of innovation through direct funding of research, tech-
nology transfer, and commercialisation (Moon and Bretschneider, 1997, in: Terminet,
2000c).

With respect to the innovation of intermodal transport, government can – roughly spo-
ken – choose between a laisser faire policy, in which innovation of intermodal transport
is completely left to the market partners, and a more positive policy, in which govern-
ment plays an active role in the innovation process. We think the latter is preferable.
Government could accelerate diffusion by promoting active outreach programs, subsi-
dising research and development costs, increasing information and enhancing reliability
of information.

Evaluation in TERMINET of the current EU development and implementation policy
with respect to new-generation terminals indicated two main weaknesses (Bontekoning,
Hemelrijk and Trip, 2000).
First, a policy objective should be defined quite explicitly. It may consist of certain re-
quirements or targets or of a positive future image of the desired situation in e.g. 2025.
In our opinion the latter is preferable, since the future image may serve as a source of
inspiration for defining requirements, while it seems more difficult the other way round.
Also, no network operators participate in the current EU technology research projects,
nor do any terminal operators, which are the potential adopters of innovation. A main
finding of TERMINET and other research in this field is the necessity to relate terminal
innovation to network operations. EU policy still focuses too strongly on technology
development, which is in fact is no longer the main barrier for implementation.
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���� *HQHUDO�FRQFOXVLRQV

In this section, several general conclusions are formulated with respect to the results of
TERMINET. These conclusions will recur in the recommendations, which are grouped
thematically in the next sections.

1. The quality benefits which new-generation terminals and innovative networks could
have in many cases are clear and undisputed. This is in particular the case when
there is a certain synergetic effect of innovations both in the network and at the ter-
minal. Therefore WHUPLQDO�DQG�QHWZRUN�VKRXOG�LQ�DOO�FDVHV�EH�VHHQ�DV�RQH�V\VWHP
DQG�VKRXOG�EH�FRQVLGHUHG�DW� WKH�WUDQVSRUW�FKDLQ� OHYHO��RU�HYHQ�DW� WKH�QHWZRUN
OHYHO

2. 7KH�FUXFLDO�SUREOHP�RI�WKH�IHDVLELOLW\�RI�QHZ�JHQHUDWLRQ�WHUPLQDOV�LV�WKDW�KLJK
LQYHVWPHQW�FRVWV�DUH� ORFDWHG�DW� WKH�QRGHV��ZKLOH�PRVW�DGYDQWDJHV�RFFXU� LQ� WKH
QHWZRUN��7KHUHIRUH�D�UHGLVWULEXWLRQ�RI�LQFRPH��IURP�WKH�OLQNV�WR�WKH�WHUPLQDO��LV
QHFHVVDU\�WR�PDNH�WKH�LPSOHPHQWDWLRQ�RI�QHZ�JHQHUDWLRQ�WHUPLQDOV�UHDOO\�IHD�
VLEOH��&R�RSHUDWLRQ�DQG�FKDLQ�PDQDJHPHQW�DUH�QHHGHG�WR�HQDEOH�WKH�LQWURGXF�
WLRQ�RI�QHZ�JHQHUDWLRQ�WHUPLQDOV�

  In most cases a large investment is necessary, which consequently lead to high
capital costs. Total costs per unit at a new-generation terminal are often higher than
at conventional terminals or shunting yards. However, operational costs of new-
generation terminals are often lower than at conventional terminals or shunting
yards. It appears that the costs of transhipment per unit cannot be competitive. How-
ever, a closer look at the cost structure shows, that in most cases large costs are
made at the terminal, while possible benefits occur elsewhere in the network. It ap-
pears terminal innovation leads to network adjustment – and in most cases im-
provement – and, vice versa, network innovation generates demand for new-
generation terminal technology. Materialising and redistribution of these network
profits may bring operators to accept higher costs at the terminal itself.

7
CONCLUSIONS AND RECOMMENDATIONS
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3. 3ROLF\�DQG�UHVHDUFK�VKRXOG�EH�OHVV�RQH�VLGHGO\�IRFXVHG�RQ�WHFKQRORJ\�
a) Technology in itself should not be an aim. In many cases considerable benefits

can be achieved by operational or organisational improvements, e.g. in the net-
work, which are often much cheaper.

b) Technology should no longer be seen as the main problem. Most technology that
is required is already available, although in some cases it is still in the pilot
phase. The main problem is the implementation, rather than the invention, of
new technologies, which is as such an organisational and economical, more than
a technological problem. Technological research should mainly focus on the
flexibility and scalability of new technologies (see §7.2.8).

���� 5HFRPPHQGDWLRQV

������ 5HOHYDQW�DFWRUV
Many actors are involved in intermodal transportation. However, a survey of the current
EU policy and research projects shows, that relative little attention is paid to terminal
operators – the potential adopters of terminal innovations – and network operators –
who should bring forward demand for new-generation terminals by selling of network
services instead of point-point services. ,W� LV�QHFHVVDU\� WR� LQYROYH�ERWK� WHUPLQDO�RS�
HUDWRUV�DQG�QHWZRUN�RSHUDWRUV��DV�ZLWKRXW�WKHP�QR�SROLF\�IRU�WKH�LPSOHPHQWDWLRQ
RI�QHZ�JHQHUDWLRQ�WHUPLQDOV�FDQ�EH�VXFFHVVIXO�

A very important element in the constitution of an implementation policy – in fact one
that recurs again and again in the following sections – is the need for co-operation be-
tween actors. It appears that co-operation is complicated because the relevant actors,
such as terminal constructors and operators, network operators, rail agents, shippers and
government bodies, are diverse and for a large part relative unorganised.
The European Commission should decide which policy she wants to carry out concern-
ing the innovation of intermodal transport. She may leave it to the market, or she may
chose a more active, stimulating role. However, there is at present no single strong actor
in intermodal transport who is able to join forces. Therefore�ZH�VHH�D�QHHG�IRU�DQ�DF�
WLYH� UROH� IRU� EUDQFK� RUJDQLVDWLRQV� DQG�� LI� QHFHVVDU\�� JRYHUQPHQW�� LQ� VWLPXODWLQJ
DQG�GLUHFWLQJ�FR�RSHUDWLRQ�EHWZHHQ�PDUNHW�SDUWQHUV� )XWXUH�LPSOHPHQWDWLRQ�FRQ�
VRUWLD� VKRXOG� FRQVLVW� RI� D� ZLGHU� UDQJH� RI� DFWRUV�� ZKLFK�� HVSHFLDOO\� ZLWK� VHPL�
SHUPDQHQW�FRQVRUWLD��VKRXOG�KDYH�D�PRUH�G\QDPLF�FKDUDFWHU�DQG�WKHUHIRUH�VKRXOG
EH�DGDSWHG�DFFRUGLQJ�WR�WKH�GLIIHUHQW�SKDVHV�RI�WKH�LPSOHPHQWDWLRQ�SURFHVV�

With respect to the railway sector, a problem remains the insufficiently market-oriented,
rather bureaucratic approach of many national railway companies, which de facto still
are monopolists. In general, these companies have very limited resources. Altogether
this is a major barrier for the implementation of new-generation terminals. In this aspect
OLEHUDOLVDWLRQ�RI�WKH�UDLOZD\�VHFWRU�FRXOG�KHOS�WR�FUHDWH�D�FOLPDWH�PRUH�LQ�IDYRXU�RI
LQQRYDWLRQ�
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������ 3ROLF\�REMHFWLYH
$FWRUV�VKRXOG�DJUHH�RQ�D�FOHDU�SROLF\�REMHFWLYH��EDVHG�RQ�WKHLU�FRPPRQ�LQWHUHVWV�LQ
LQQRYDWLRQ�RI� LQWHUPRGDO� WUDQVSRUW�� 3UHIHUDEO\�� WKLV� VKRXOG� EH� D� NLQG� RI� SRVLWLYH
LPDJH�RI�IXWXUH�LQWHUPRGDO�WUDQVSRUW��ZKLFK�PD\�VHUYH�DV�EHDFRQ�IRU�SROLF\�
We think it is relevant for any implementation policy to specify its aims in a more in-
spiring way than only by means of a set of standards that must be met. The positive im-
age may help to make partners conscious of their common interests, as these are impor-
tant to stimulate mutual co-operation. Also, it could indeed be a source of inspiration for
the defining of regulation and standards.
To enable government and other actors to define adequate and up-to-date policy meas-
ures, the positive image should reflect the state of the art, as well as certain ambitions.
Therefore, it should be based on the latest insights and research results.

������ 3LORW�WHUPLQDO
7R�VKRZ�WKH�EHQHILWV�DQG�SRVVLELOLWLHV�RI� LQQRYDWLYH�LQWHUPRGDO�WUDQVSRUW�LQ�SUDF�
WLFH�DQG�WR�HYDOXDWH�WKH�FRQGLWLRQV�IRU�HFRQRPLF�IHDVLELOLW\��ZH�UHFRPPHQG�WR�EXLOG
RQH�RU�PRUH�SLORW�WHUPLQDOV� These should be most promising cases, since a failure of
the pilot terminals would be a serious barrier for further implementation of new-
generation terminals. On the other, hand a success would be a real powerful mean to
persuade potential adopters and therefore a strong stimulus for further implementation.

:LWK�UHVSHFW�WR�WKH�FDVHV�HYDOXDWHG�LQ�7(50,1(7��WKH�PRVW�SURPLVLQJ�DUH�9HQOR�
0HW]�DQG�%XVWR� mainly because of three reasons:
a) The pay-back period is reasonable. This is in particular true for Venlo, in which case

the pay-back period is relatively short;
b) the terminal operator is also the network operator in two cases (ICF/SNCF in Metz;

HUPAC in Busto). This is a major advantage with respect to the integration of ter-
minal and network operations. Also, the fact that the terminal and the network are
operated by the same actor will increase the awareness that costs and benefits should
be considered at chain or network level;

c) the benefits of a new-generation terminal at the network level in these cases are
clear. However, benefits are not the same. In Metz there are mainly performance
improvements; a much faster handling compared to the present shunting results in
considerable potential network benefits. A good comparison between costs of
shunting and costs of a Megahub is difficult, because realistic figures of shunting are
hardly available. In the case of Busto, benefits are mainly economical, i.e. costs per
unit are less than in the present situation, with equal transhipment time.

7KH�LPSOHPHQWDWLRQ�RI�D�SLORW�WHUPLQDO�UHTXLUHV�WKH�FRPSRVLWLRQ�RI�D�VWUDWHJLF�FRQ�
VRUWLXP��,W�LV�LPSRUWDQW�WR�LQYROYH�DOO�UHOHYDQW�DFWRUV�LQ�WKH�LPSOHPHQWDWLRQ�SURF�
HVV� In any case terminal constructors, terminal operators and network operators should
be involved, since they are respectively the suppliers, potential adopters and potential
clients of terminal innovations. Also, it should be considered in many cases to involve
road transport, rail schedulers/agents and trade unions.
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*RYHUQPHQW�VKRXOG�SOD\�DQ�DFWLYH�UROH�LQ�FRPSRVLQJ�DQG�GLUHFWLQJ�VXFK�D�FRQVRU�
WLXP� Therefore, if market partners do not proceed, government should take the initia-
tive in bringing together the actors that should constitute the consortium.
Whether or not the government should subsidise the implementation of a pilot case is a
political question. The answer could depend on the weight of societal policy objectives
and the willingness of market partners to invest. Government could reduce financial
risks e.g. by claw-back subsidies or yield management with respect to additional profits
generated in the network. Some type of public-private partnership could be an option in
this.

$FWLYLWLHV�RI�WKH�LPSOHPHQWDWLRQ�FRQVRUWLXP�VKRXOG�QRW�HQG�ZLWK�WKH�LPSOHPHQWD�
WLRQ�RI�WKH�WHUPLQDO��7KH\�VKRXOG�DOVR�LQFOXGH�H[SORLWDWLRQ�RI�WKH�WHUPLQDO�DQG�WKH
QHWZRUN�IRU�D�FHUWDLQ�SHULRG�
The implementation consortium should be allowed the exploitation of the terminals and
the network together, e.g. by means of a concession. This will increase the interests of
partners in the implementation process, since they have the opportunity to recover the
investment costs also on possible network profits. Furthermore, it will stimulate the in-
tegration of network and terminal, since there exists already a co-operation between
network and terminal operators. Integration may in turn increase possible network prof-
its, which is important with respect to the first argument mentioned above.

Another possibility that deserves attention is to elaborate a line network. The impor-
tance of line networks and line terminals is underestimated and up to now little is
known about their costs and performances. Nevertheless line networks are important,
especially for intermodal transport of small flows and for regional feeder systems.
Special attention should be paid to the development and continuation of feeder services.
This seems to be an important element for the increasing of the market share of inter-
modal transport. Also, it can add to reduce regional pre-and end haulage. However, in
many cases feeder services are not profitable. Continuation of feeder services could
nevertheless be guaranteed by making them part of a larger, more profitable ‘package
deal’. :H� WKHUHIRUH� VXJJHVW� WKDW� ±� LI� SRVVLEOH� ±� RSHUDWLRQ� RI� D� IHHGHU� QHWZRUN
VKRXOG�EH�SDUW�RI�D�PDMRU�FRQFHVVLRQ�RU�OLFHQFH� whether for terminal or network (i.e.
trunk line) exploitation. Also, exploitation of feeder lines could be combined with con-
cessions for regional pre- and end haulage, in which case it is possible that regional
train services are provided by road transport carriers.

������ ,PSOHPHQWDWLRQ�RI�IXWXUH�WLPH�RSHUDWLRQV
$�PDLQ�HOHPHQW�RI�WKH�LQQRYDWLRQ�RI�LQWHUPRGDO�WUDQVSRUW�RQ�WKH�ORQJHU�WHUP�LV�WKH
LPSOHPHQWDWLRQ� RI� IXWXUH� WLPHV� RSHUDWLRQV�� ERWK� DW� WKH� WHUPLQDO� DQG� RQ� WKH� QHW�
ZRUN� Only with future time operations (i.e. trains running all day, instead on only in
the night hours), it is possible to make an optimal use of the time advantages new-
generation terminals offer.

Main problem is the capacity on the network, in particular in congested areas like the
Netherlands and the Ruhr area. )XWXUH�WLPHV�UHTXLUH�D�EHWWHU�XVH�RI�QHWZRUN�FDSDFLW\
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DQG�RU� DQ� H[SDQVLRQ� RI� WKH� QHWZRUN� FDSDFLW\� 7KLV� PHDQV� FOHDU� UHJXODWLRQ� LV
QHHGHG�ZLWK� UHVSHFW� WR� WKH�SULRULW\�RI� WUDLQV�� HVSHFLDOO\�DIWHU� OLEHUDOLVDWLRQ�RI� WKH
UDLOZD\�VHFWRU� Good co-operation between rail schedulers is necessary. Main question
is how synchronised networks fit into the system (for example a network of feeder and
trunk trains with simultaneous exchange).
$OVR��LW�PD\�EH�QHFHVVDU\�WR�H[SDQG�WKH�QHWZRUN�FDSDFLW\� This could be done by:
a) a more intensive use of the current network, e.g. with more advanced safety systems

that allows less distance between trains;
b) the construction of new infrastructure trains to solve bottlenecks in the network;
c) the construction of dedicated tracks for freight transport on certain routes.

A second barrier for the implementation of future times is the preference of shippers and
consignees for conventional peak times. This could be solved for a large part by de-
manding an extra charge for handling during peak hours. Therefore, LI�IXWXUH�WLPH�RS�
HUDWLRQV� DUH� LPSOHPHQWHG�� ZH� UHFRPPHQG� D� V\VWHP� RI� WDULII� GLIIHUHQWLDWLRQ� WR
VWLPXODWH�VSUHDGLQJ�RI�RSHUDWLRQV�RYHU�WKH�GD\�

������ ,PSOHPHQWDWLRQ�RI�QHFHVVDU\�DGGLWLRQDO�LQQRYDWLRQV
A recurring theme in TERMINET, as well as other research on intermodal transport, is
the importance of the implementation of several necessary additional innovations that
would facilitate or support the implementation of new-generation terminals, e.g. auto-
matic pin setting and wagon identification, automatic train coupling and electronic
brakes.
,Q�IDFW�LQQRYDWLRQV�OLNH�WKHVH�DUH�DQ�LPSRUWDQW�FRQGLWLRQ�IRU�ODUJH�VFDOH�LQQRYDWLRQ
RI� LQWHUPRGDO� WUDQVSRUW�DQG� LPSOHPHQWDWLRQ�RI� IXWXUH�WLPH�RSHUDWLRQV�� VLQFH�RWK�
HUZLVH�WKH�SRWHQWLDO�WLPH�EHQHILWV�RI�LQQRYDWLRQ�ZLOO�ODUJHO\�EH�QHXWUDOLVHG�E\�WLPH
FRQVXPLQJ�DFWLYLWLHV�VXFK�DV�PDQXDO�SLQ�VHWWLQJ�DQG�K\GUDXOLF�EUDNH�WHVWV� This is
in particular the case with respect to automated or robotised terminals and operations
with very short terminal times. Apart from efficiency reasons, manual pin setting is not
possible in fully automated terminals, since safety regulations in general do not allow
human activities in robotised areas.

Most of the items mentioned above are minor barriers from a technological view. Tech-
nology needed for automatic pin setting or electronic brakes is already available or
could be available within a few years.
The main problem however, is its implementation. Potential solutions all are based on
the use of dedicated rail wagons, which would imply either replacement or adaptation of
old wagons on a large scale. Most of the costs of this operation are for the train opera-
tors, while its benefits occur at the terminal. On the chain or network level however,
implementation would be beneficial. Therefore�D�FKDLQ�DSSURDFK� LV�UHTXLUHG��ZKLFK
LPSOLHV�FORVH�FR�RSHUDWLRQ�EHWZHHQ�DOO�DFWRUV�LQ�WKH�WUDQVSRUW�FKDLQ�±�WHUPLQDO�RS�
HUDWRUV��WUDLQ�RSHUDWRUV�HWF��±�DQG�LI�QHFHVVDU\�EDODQFLQJ�RI�FRVWV�DQG�EHQHILWV�EH�
WZHHQ�DFWRUV��*RYHUQPHQW�DQG�EUDQFK�RUJDQLVDWLRQV�VKRXOG�SOD\�DQ�DFWLYH�UROH�LQ
EULQJLQJ�DFWRUV�WRJHWKHU�
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$OVR�� JRYHUQPHQW� DQG� EUDQFK� RUJDQLVDWLRQV� VKRXOG� FRQVLGHU� DQ� DFWLYH� SROLF\� WR
VWLPXODWH� UHQHZDO� RI� UDLO� ZDJRQV� This could be done by regulation to encourage
scrapping and replacement of old equipment, for example by investment subsidies.
When a considerable part of the wagons has been replaced, it should be avoided that
conventional wagons interfere and disturb the automation process. Therefore, LQ� WKH
ORQJHU�WHUP�FHUWDLQ�PDLQ�URXWHV�RU�SDUWV�RI�WKH�QHWZRUN�VKRXOG�EH�FORVHG�IRU�FRQ�
YHQWLRQDO�ZDJRQV� This will enable fully automated handling at intermediate terminals.

������ &RPPXQLFDWLRQ�SROLF\
One of the main barriers for implementation of new-generation terminals remains the
uncertainty of actors about their costs and benefits. Therefore, a communication policy
should be developed to inform actors such as network operators, terminal operators,
shippers etc. :H�UHFRPPHQG�WKDW�WKH�(8�GHYHORSV�DQ�DFWLYH�RXWUHDFK�SURJUDP�DV�D
IROORZ�XS�RI�UHVHDUFK�SURMHFWV��WR�VSUHDG�WKH�UHVXOWV� Such an outreach program could
be carried by innovation centres, consultants or branch organisations.
An outreach program could include the organisation of regular conferences. Neverthe-
less, in this way only a select audience will be found. A more active approach will be
needed to reach all relevant actors.
)XUWKHUPRUH�� LQIRUPDWLRQ�FRXOG�EH�VSUHDG�E\�PHDQV�RI�DUWLFOHV� LQ�ERWK�DFDGHPLF
DQG�SURIHVVLRQDO�MRXUQDOV� The writing of these could be made a task for researchers
participating in EU projects.

7HUPLQDO�VXSSOLHUV�LQ�WXUQ��VKRXOG�GHYHORS�DQ�DFWLYH�FRPPXQLFDWLRQ�DQG�PDUNHW�
LQJ�VWUDWHJ\��DLPHG�DW�D�TXLWH�VSHFLILF�WDUJHW�JURXS�RI�SRWHQWLDO�FOLHQWV� Even more
than they already are doing, they should emphasise the potential network benefits of
new-generation terminals, more than the technological features. Marketing should focus
both on terminal operators and network operators. To start with, it should focus on or-
ganisations like ICF and HUPAC, which are already operating both a network and sev-
eral terminals or shunting yards.

As a means to inform market partners, VRIWZDUH� WRROV� OLNH� WKH� RQHV� GHYHORSHG� LQ
7(50,1(7�VKRXOG�EH�PDGH�HDVLHU� WR�XVH�DQG�DFFHVVLEOH� IRU�QRQ�VSHFLDOLVWV� This
implies further development of simulation tools and network models and increasing the
possibilities for users to compare different options. In this way they could serve as valu-
able management tools for interested parties.

������ ,QWHJUDWLRQ�ZLWK�RWKHU�SROLF\�ILHOGV
1. 7KH� LQWHJUDWHG�YLHZ�RI� WHUPLQDO�DQG�QHWZRUN�DV�RQH�HQWLW\� VKRXOG�DOVR�EH� UH�

IOHFWHG� LQ� LQIUDVWUXFWXUH� SROLF\� This implies that the focus of the program for
Trans-European Networks of transport infrastructure should be more on integration
of nodes and links and – in particular – on services, rather than on physical infra-
structure.

2. (FRQRPLF� UHJXODWLRQ� VKRXOG�EH�DSSOLHG� LQ�D�ZLVH�� UDWKHU� WKDQ�D� ULJLG�ZD\�� WR
PDLQWDLQ� SRVVLELOLWLHV� IRU� QHWZRUN� LQWHJUDWLRQ� If anti cartel regulation would
cause the intermodal network to fall apart in too many small pieces, this may harm
the integration of networks that is necessary for a successful development of inter-
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modal transport. Also, economic regulation should not hinder co-operation between
market partners with respect to e.g. the joint implementation of innovations, stan-
dardisation or research29.

������ 5HFRPPHQGDWLRQV�IRU�IXUWKHU�UHVHDUFK
1. )XUWKHU� UHVHDUFK� VKRXOG� EH� FRQGXFWHG� RQ� WKH� LQWHJUDWLRQ� RI� WHUPLQDOV� DQG

FRPSOH[�QHWZRUNV� This implies the integration of terminals in complex networks,
as well as the integration of different networks. These may be networks for different
modalities or networks of a different scale of function, e.g. the integration and syn-
chronising of feeder networks and trunk train services.

2. 0HWKRGV�VKRXOG�EH�GHYHORSHG�IRU�WKH�FDOFXODWLRQ�RI�FRVWV�DQG�EHQHILWV�RQ�OLQN�RU
QHWZRUN�OHYHO� Cost calculations in TERMINET were mainly focused on link costs.
However, further research will be necessary on the trade-off of costs and benefits a)
between different links in the network and b) between links and terminals.

3. )XUWKHU� HYDOXDWLRQ� VKRXOG� WDNH� SODFH� RI� FRVWV� DQG� EHQHILWV� RI� QHZ�JHQHUDWLRQ
OLQH� WHUPLQDOV� DQG� OLQH� QHWZRUNV� as these could play an important role in the
transport of small intermodal flows and in the development of feeder systems. The
latter appears to be an essential element for increasing the market share of intermo-
dal transport. Research should include all types of new-generation line terminals,
e.g. Tuchschmid CT, Transmann, CCT+ and Krupp, as well as conventional means.

4. In relation to the previous, UHVHDUFK�VKRXOG�EH�FRQGXFWHG�RQ�WKH�SRVVLELOLWLHV�IRU
WKH�GHYHORSPHQW�RI�IHHGHU�VHUYLFHV�DQG�UHJLRQDO�QHWZRUNV� An important element
for increasing the market share of intermodal transport and the feasibility of innova-
tive networks is the development of costs-effective feeder services and, if possible,
relative dense regional feeder networks. Also, the continuity of services is impor-
tant.

5. )XUWKHU�UHVHDUFK� LV�QHFHVVDU\�RQ� WKH�DGYDQWDJHV�DQG�ULVNV�RI�DXWRPDWLRQ�DQG
URERWLVDWLRQ� DQG� WKH� FRQGLWLRQV� IRU� VXFFHVVIXO� DXWRPDWLRQ� RI� WHUPLQDO� RSHUD�
WLRQV� Reliable fall-back procedures should be developed, which enable continuation
of terminal operations in case of a system defect. Also, attention should be paid to
the safety aspects of robotisation and to the reliability of robotic systems.

6. ,Q�RUGHU�WR�GHYHORS�DQ�HIILFLHQW�DQG�HIIHFWLYH�LPSOHPHQWDWLRQ�VWUDWHJ\�IRU�QHZ�
JHQHUDWLRQ�WHUPLQDOV��IXUWKHU�HYDOXDWLRQ�VKRXOG�WDNH�SODFH�RI�WUDQVSRUW�UHODWHG
EDUULHUV� IRU� LPSOHPHQWDWLRQ� With respect to the research conducted in TER-
MINET WP8 (Terminet, 2000c), variables should be validated specifically for the
transport sector. Also, the explanation power of each variable should be studied.

                                                
29 See also the recommendations by the U.S Committee for Study of Policy Options To Address Inter-

modal Freight Transportation (1998).
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7. 5HVHDUFK� VKRXOG� EH� FRQGXFWHG� RQ� WKH� VFDODELOLW\� DQG� IOH[LELOLW\� RI� QHZ� WHFK�
QRORJLHV� Most present new-generation terminal concepts require relative large tran-
shipment volumes to be economically feasible. They will be introduced first of all in
nodes with large freight volumes. Nevertheless, in most nodes volumes are smaller,
nor will they grow sufficiently in foreseeable years. This is in particular the case in
regional or feeder networks. It is therefore a barrier for the innovation of these net-
works that no small, cheap new-generation terminal concept is available for the
transhipment of small volumes.

Furthermore, research should focus on the flexibility of terminal concepts in case trains
do not arrive on schedule and load units that miss connection and have to go with the
next train. At present it is not clear whether automated terminal systems are flexible
enough to cope with, quite common, disruptions like these (all the same, the reliability
of the railway system should also be improved).

8. ,Q�RUGHU�WR�DVVHVV�JRRG�LQVLJKW�LQ�WKH�FRPSHWLWLYHQHVV�EHWZHHQ�PRGHV�PRUH�UH�
VHDUFK� LV� QHHGHG� WR� DQDO\VH� FRVWV� RI� GLIIHUHQW�PRGHV� LQFOXGLQJ� LQIUDVWUXFWXUH
DQG� FRVW� FRYHUDJH� E\� RSHUDWRUV� At present, cost calculations for road, rail and
waterborne are carried out in quite different ways in different EU countries.
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:3� ,QYHQWRU\�RI�LQQRYDWLYH�QHWZRUNV

In this part of the WP the present and future bundling concepts for integrating small freight
flows as proposed by major actors in the European transport field has been investigated.
The investigation focussed on the following issues.

How is freight (soon to be) bundled in intermodal transport (including the bundling of
LCL-freight) in Europe by major actors in the transport field (e.g. shippers, including
logistical or trade actors, and transport companies)?

Are the new bundling concepts attained by transforming existing bundling concepts
(’retrofit’) or by developing and implementing completely new concepts? To which extent
are they based on new-generation processing (automation and robotisation) or is new-
generation processing being considered only for a later phase? What is the time schedule
of implementation schemes?

What are the implications of the new bundling concepts for the performance and
characteristics of terminals, transport units, and load units?

Who are the actors (shippers, transport operators and other transport actors, semi-
public and public authorities, freight sectors) and what is their role in developing and
implementing new bundling concepts?

What are the conceptual (technological, operational, spatial dimension), institutional
and political barriers when transforming networks to the requirements of new-generation
bundling concepts - or when trying to do so?

:3� ,19(1725<�2)�7(50,1$/6

In this part of the WP the new-generation terminal concepts as proposed by major actors in
the European transport field will be investigated. The investigation focussed on the
following issues.

How will the concepts for and development of new-generation terminals and terminal-
nodes for intermodal transport in Europe respond to the requirements of shippers and
transport companies, especially the network operators occupied with the innovation of
bundling concepts?

APPENDIX  1
OBJECTIVES OF WORKPACKAGES
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Who are the actors (shippers, transport companies, terminal operators, semi-public
and public authorities, producers of transport equipment, consultants and research
organisations) and what is their role in developing and implementing new bundling
concepts?

What are the conceptual, institutional and political barriers when developing and
implementing new-generation terminal or terminal-node concepts - or when trying to do
so?

:3� %81'/,1*�&21&(376��QHZ�JHQHUDWLRQ�QHWZRUNV

1. Select or elaborate a software tool directed towards the support of decision-making in
the area of bundling freight flows and determining locations of (bundling) terminals.

2. In this WP an attempt was made to integrate and analyse:
• the currently rather isolated bundling concept innovations;
• the results of WP1 task 1 (state of art) and 2 (actors organisational barriers);
• the possible gap between innovative bundling concepts and organisational barriers.
in order to identify the missing, probable and most promising directions of innovative
bundling concepts. The project’s point of view was emphasised. This task will identify
which transport markets (products, load units), regions, transport corridors, bundling
types and terminal locations are involved and appear to be very effective in the sense of
leading to higher growth rates of intermodal transport or diminishing barriers in the
growing intermodal transport sector?

3. To formulate indicators/criteria for the performance of terminals and terminal-nodes
which belong to certain bundling concepts.

:3� 12'(�&21&(376��QHZ�JHQHUDWLRQ�WHUPLQDOV

1. In this WP an attempt was made to integrate and analyse:
• the currently rather isolated existing terminal innovations;
• to identify the missing, probable and most promising directions for terminals and

terminal-nodes. Hereby the project’s point of view was emphasised.
• Which technical, process and spatial concepts for and developments of terminals

and terminal-nodes:
• appear to be very effective for different performance directions?
• are set up in a manner that enables the gradual introduction/ implementation

and/or combination of different concepts?
• will function optimally in certain (new-generation) bundling concepts?

Identify - in an integrated approach of bundling and terminal concepts - promising
innovative directions: which concepts are likely to develop rapidly, to effectively support
intermodal transport, and to diminish barriers to the growth of intermodal transport? The
answers will reflect differences between transport markets (products, modality and load
units), regions, transport corridors and terminal locations (types).
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Determine concrete terminals or terminal-nodes for the five case studies which will be
examined in WP7. To be able to validate project operators of the selected terminal cases
will be asked to participate in the project.

:3� ,1',&$7256�$1'�&5,7(5,$

In this WP, descriptive indicators and normative criteria concerning the performance of
bundling and terminal concepts have been listed. The performance and costs of a node
(and terminal) are therefore strongly related to the performance and costs in the links - and
consequently the bundling type involved. This relation must be reflected in the listings of
indicators and criteria, taking technological progress into account.

:3� 352326$/�)25�+$5021,6$7,21

The innovation of network and terminal concepts implies that the interfaces in these will
change. The most important changes are expected at interfaces between terminals and links
and/or between different parts of the links and/or between different parts of terminals.
Consequently, the interoperability and therefore the interconnectivity at the interfaces may
fall below acceptable levels. The objective is to reduce these dangers by reducing the
complexity of interfaces and increasing the constructional (i.e. building) and operational
(i.e. handling) flexibility at interfaces.

The research, development and implementation costs of innovations are highly dependent
on the number of software or hardware components or connections. The aim must be to
reduce such costs and thus increase the feasibility of new-generation networks and
terminals by promoting the collective use of the same constructions, vehicles, other
handling equipment, infrastructure, load units, software, and components of these by
different transport and transshipment equipment manufacturers. Collective use is
impossible without harmonisation. The objective of this WP is to identify promising
harmonisation measures that would support economies of scale in the areas of production,
engineering, building and maintenance of terminal concepts and equipment for new-
generation operations.

:3� '(6,*1�2)�7(50,1$/6
The objective of this WP is the of design terminals with new-generation attributes and to
show the performance differences of alternative designs and concepts and - within these -
of technical, process and spatial variations. The performance differences will contribute to
the identification of promising terminal development directions.
In order to be able to determine performance effects a software tool will be applied and
developed. This tool will assist in carrying out relevant experiments in the framework of
the TERMINET project.

:3� %86,1(66�3/$16
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The promising innovative directions for networks and terminals identified in the previous
WP’s of the TERMINET project must be assessed in terms of their feasibility. The
business plans of actors (in particular terminal operators) is chosen as the level of and
instrument for feasibility analysis, as this level brings together the offers/investments and
effects/benefits for one and the same clearly defined system. The business plans are
elaborated for the five selected terminal cases.
The business plans provided supplementary information in order to draw conclusions
about:
a) promising innovative directions for bundling networks, terminals and terminal-nodes.

The value added to WP4, task 2 and WP7 is that feasibility is included as an argument;
b) a more integrated view of the circumstances in which the arrangements, concepts and

equipment can be implemented on the medium and longer term. This can be the basis
for the adjustment of public frameworks for the development, implementation and
operation of new-generation terminals and networks;

c) the amount of public financial support or private external cross-subsidising needed to
implement new-generation concepts for intermodal transport.

:3� &21&/86,216�$1'�5(&200(1'$7,216

In this WP a final identification of promising innovative directions for bundling networks
and new-generation terminals and terminal-nodes will take place. The conclusions go
deeper than those in WP4 (task 2), and generalise the functional and economic arguments
of WP7 and WP8 respectively. An important part of the final conclusions is the feedback
to earlier WP’s. The level of WP9 is free from inconsistencies between the conclusions of
the previous WP’s and therefore represents a solid basis from which to select and elaborate
recommendations for public frameworks and other measures to support the development,
implementation and transformation of new-generation concepts and equipment. The
conclusions and recommendations aim to support and encourage the development and
implementation of new-generation operations on networks, terminals and terminal-nodes,
by public as well as private actors and further research.
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'� Report on Inventory innovative bundling network developments (WP1)
'� Report on Inventory new generation terminals-(nodes) developments (WP2)
'� Tool: GIS-presentation innovative bundling concepts (WP3)
'� Report on Preferable lay out of innovative networks (WP3)
'� Tool: Decision support tool/model for bundling lay out (WP3)
'� Report on Preferable new generation terminals(-nodes) (WP4, task 1)
'� Report on Which bundling concept integrates freight flows

with which type of terminal and terminal-node concept? (WP4, tasks 2 and 3)
'� Report on Indicators and criteria for new generation

bundling, terminals and terminal-nodes (WP5)
'� Report on Proposals for harmonisation and flexibility (WP6)
'�� Report on Performances analyses for 5 terminal case studies (WP7)
'�� Tool: Performance animation 5 terminal case studies (WP7)
'�� Tool: Terminal and terminal-node simulation with animation module (WP7)
'�� Business plans for 5 selected terminal case studies (WP8)
'�� Report on Background to business plans (WP8)
'�� Report on Final conclusion and recommendations (WP9)

APPENDIX  2
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5$,/�&21&(376
1. Container shipments Jämsänkoski Paper Mill
2. Voltri network
3. Sogemar multi-modal network
4. PiggyBack Consortium
5. Wembley European Freight Operating Centre
6. RingZug Rhein-Ruhr
7. Hub of Metz and the Quality Net
8. RailRoads
9. The 'Drehscheiben’ concept
10. Bundling at a regional level: The 'Linienzug concept’
11. The NEN (North European Network)
12. Bahntrans
13. FlexNode

'(',&$7('�52$'�&21&(376
1. Metrofreight

52B52�&21&(376
1. Irish-Italy Piggyback Service
2. Ro_Ro- Barge Transport

%$5*(�&21&(376
1. Container Exchange Point Barges
2. Randstad Network
3. Floating Container Terminal
4. Via Aqua Via
5. Waste Transport

12'(�&21&(376
1. Node Born
2. Node Duisburg

APPENDIX  3
INNOVATIVE NETWORK CONCEPTS
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5$,/�7(50,1$/�&21&(376
1. Noell Megahub
2. Commutor
3. Krupp Fast Handling System
4. Transmann Handling Machine
5. Noell Fast Transhipment
6. CCT Plus
7. RoadRailer
8. Compact Terminal Tuchschmid
9. Gateway Terminal HUPAC
10. Lättkombi Terminal
11. Train Coupling Sharing/Cargo Sprinter
12. Nord East Terminal Paris
13. Irún Terminal
14. Rail Terminal Maasvlakte

%$5*(�7(50,1$/�&21&(376
1. Barge Express
2. Rollerbarge
3. Selfunloading vessels

52�52�7(50,1$/�&21&(376
1. FlexiWaggon
2. G 2000 Ro-Ro
3. Shwople Train
4. Shwople Barge

6($�7(50,1$/�&21&(376
1. Container Pallet Transfer System
2. Thamesport
3. Coaster Express
4. Train Loader
5. River-Sea Push Barge System

APPENDIX  4
NEW-GENERATION TERMINAL CONCEPTS
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6. Combined Traffic Carrier Ship/Barge

12'(�75$163257�6<67(06
1. Combi-Road
2. Selbsttätiges Signalgeführtes Triebfahrzeug
3. Internal Transport Node Maasvlakte (MTS/AGV) 

,1129$7,9(�75$16+,30(17�81,76
1. Casettes
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NODUS is a graphic software developed for analysing multimodal networks of freight
transportation. It
• includes an interactive digitised-maps editor;
• handles user-defined databases;
• solves multi-product models;
• automatically generates a ‘virtual network’ which can simultaneously handle several

transportation modes and means;
• includes a cost-function editor;
• assigns the flows based on OD-matrixes and costs provided by the user;
• offers the basic functionality of a geographic information system (GIS) for display-

ing the obtained results;
• allows the user to make use of external programs to solve specific problems.

 
As the real geographic network is tabulated as G=(X, U), which enumerates the links Uj

of the network graph and their associated end-nodes Xi and Xk, these virtual links are
defined by their two virtual end-nodes Xi

jtm and Xk
jtm. But, because the cost of moving

goods in one direction may well be different from the cost of moving in the other direc-
tion, two separate arrows must be generated for all the virtual links.

The next step is to create virtual links corresponding to transhipping operations. This is
done by a systematic comparison of the virtual nodes that can be linked by such an op-
eration: transhipping at a node i is possible between all virtual nodes pertaining to that
node, if they relate to different real links. No transhipping can be allowed between nodes
which relate to the same link j, since it would correspond to a transhipment between two
means of the same mode before turning back on the same real link.

Besides these transhipment virtual links, it may be convenient to include transit virtual
links for the simple passage through a real node without changing the mode or the means
of transportation. These links will connect virtual nodes with same i, t and m but differ-
ent  j.

APPENDIX  5
TECHNICAL INFORMATION ABOUT THE  NO-
DUS SOFTWARE
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The last step deals with the operations of loading and unloading at the real nodes. This
problem is handled by the creation of virtual nodes Xi

000  for each real node Xi. It is then
possible to create a set of virtual links for these operations between Xi

000 and every vir-
tual node Xi

jtm, with separate arrows for loading and unloading.

As an example, Figure 1 presents a very simple real network made of railways (R) and
waterways (W). To illustrate the difference which exists between transportation modes
and transportation means, link U1 of this simple network represents a canal (W2) large
enough for small (1) and large (2) boats, while links U2 and U5 correspond to smaller
canals which can accept only small boats; links U3 and U4 are non-electrified rail lines.

)LJXUH�� 6LPSOH�UHDO�QHWZRUN

Xa Xb Xc

Xd

U1 U2

U4U3U5

W2 W1

R1 R1W1

Figure presents the corresponding virtual network (where separate arrows are not repre-
sented in order not to clutter the diagram). At real node b, for instance, five virtual nodes
are created:
• Xb

000 represents the former real node where freight can be loaded or unloaded, while
the other nodes correspond to the four possible combinations of j, t and m;

• An arrow from Xb
000 to Xb

2W1, for example, would represent the loading of a small
boat on link 2;

• An arrow on link U2 from Xb
2W1 to Wc

2W1 would represent the moving of the (small)
boat from b to c;

• An arrow on the dotted line between Xb
1W1 and Xb

2W1 would indicate a simple transit
operation, while;

• An arrow on the line joining Xb
1W2 to Xb

3R1 would correspond to a transhipment opera-
tion from a large boat on link 1 to a train on link 3.
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)LJXUH�� &RUUHVSRQGLQJ�YLUWXDO�QHWZRUN

Xb
2W1

Xb
000Xb

1W2

Xb
1W1

Xa
1W2

Xa
1W1

Xa
000

Xa
5W1 Xb

3R1

Xd
3R1

Xd
5W1

Xd
000

Xd
4R1

Xc
2W1

Xc
4R1

Xc
000

It is rather obvious that this approach can also be used for modelling and analysing a
hub-and-spoke bundling network. From a technical point of view, the following rules
must be followed in NODUS in order to properly model such a network:
• A second set of cost functions must be developed and used at the NG terminals so

that the costs can be easily adapted. An alternative to this, is obviously, the introduc-
tion, in the user-defined database of NODUS of all the cost elements needed to com-
pute specific node related costs, instead of « average » terminal costs.

• As NODUS always generates loading and unloading virtual links for a given
mode/means combination, one has to introduce very high (dissuasive) unloading
costs for the « load only » means, and very high loading costs on the « unload only »
new transportation means.

The general objective of the multimodal transport model is to provide assignments of
transport flows between modes means and routes on the basis of a minimisation of the
shippers generalised cost of transport. The total generalised cost can be defined as
TC TCl

l

= ∑∑ θ
θ

, where TClθ  is the sub-total cost for the traffic on a particular route l

with a vehicle of type θ. TClθ  is the sum of all the costs over the successive links (or
operations) of the virtual network over route l, and it is supposed that all these costs are
proportional to the total quantity transported Qlθ .

Defining a route l by a set li of « handling » virtual links and another set lj of « moving »
virtual links, if the cost per ton for any link is either constant or proportional to the dis-
tance sj :

TC Q A B sl
i

i l
j

j ll i j

= +










∈ ∈
∑ ∑∑∑ θ

θ θ

θ

This is the total cost which must be minimised with respect to the choices of mode/means
combinations θ and routes l. After attaching the relevant cost functions to all the links,
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this operation can be realised by applying a shortest-path algorithm on the virtual net-
work.

The general set-up of the model allows flexible insertion in any simulated real network
of a new transport infrastructure or a specific bundling network, either by modifying
some of the cost function parameters or by the addition of new virtual links. Then, it is
possible to assess their impacts on transport flows and their attractiveness through space
by comparing the solutions obtained with and without the new terminals or bundling or-
ganisation.

The NODUS model is applied to four examples corresponding to the different bundling
network concepts:
1. a railway line network from Muizen to Genova going through Bettembourg and Si-

belin;
2. a hub-and spoke network based around a point North-East of Paris;
3. a barge shuttle service between Duisburg and Rotterdam, and;
4. a railway trunk line between Duisburg and Milano with forks to Antwerpen, Rotter-

dam and Hannover, on one side, and to Torino, La Spezia and Bologna on the other
side.

These examples were based to a large extent on the information gathered in workpack-
ages 1 and 2. In each case, a set of simulations with different values for the cost pa-
rameters were performed in order to assess the attractiveness of the assumed bundling
networks.

NODUS 4.0 is a result of a series of developments started at FUCM-GTM in 1988:
• 1988, development of the KAST-software, intended for cost-benefit analyses of the

Belgian waterways network;
• 1991, NODUS 1.0 : further development of the KAST-software for multi-modal

freight transportation networks.  This version, under MS-DOS, was in fact simply a
digitised-maps editor;

• 1993, NODUS 2.0 : port of the software to MS-Windows.  Definition of the concept
of virtual network;

• 1994, NODUS 3.0 : integration of the concept of « virtual network » and of a cost
calculation module in the software.

• 1995, Presentation of the Ph.D. thesis of B.JOURQUIN : ‘Un outil d’analyse
économique des transports de marchandises sur des réseaux multimodaux et multi-
produits.  Le Réseau Virtuel, concept, méthodes et applications.’  NODUS 3.1 had
been developed;

• 1996, Application of NODUS within the framework of several studies and publica-
tions.  Evolution to version 3.12.  Beginning of the development of version 4.0;

• 1997, NODUS 4.0 : Major evolution of the software that has been completely re-
written.

NODUS 4.0;
• is available for different operating systems and graphic environments;
• maintains a complete compatibility of the projects between the different platforms;
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• is optimised to offer maximum computation performances;
• is no longer limited in the size of the projects except by the available computer

memory;
• includes an assignment module;
• is able to solve multi-product models in a specific way;
• offers the possibility of a highly detailed visual analysis of what is happening at the

level of the virtual network;
• offers a more user friendly graphic interface;
• offers the possibility to take the size of the shipments into account.

NODUS 4.0 has been rewritten in C++ and can be used on the following systems:
• Windows 3.x (16 bits);
• Windows 3.x + Win32s, Windows95, Windows NT (32 bits);
• Unix30  Xview, Motif or Xt (32 and 64 bits);
• Open VMS with Motif (64 bits).
All the functions of the software are present in all versions.  The projects can be freely
interchanged between the different versions.

                                                
30 Binaries are available at FUCAM for Sun Solaris with OpenLook, CDE-MOTIF and Xt, Digital OSF

with Motif, Linux with Xview and Xt.
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DQDO\VLV�RI�WKH�WHUPLQDO�PDUNHW� paper presented at the NECTAR Conference, 19-23
April 1998, Israel.

Remark:
The papers presented at the NECTAR Conference in Israel have been submitted to a
special issue of the International journal Transportation Planning and Technology
(UK).



102

Other activities

Beuthe, M.
• quoted some of the work by the TERMINET consortium in a report on intermodality

submitted to the CEMT for its next Symposium.
• presented new work on network analysis at the Conference of the European Associa-

tion of Regional Science in Rome (end of August 1997), and
• presented new work on network analysis at the Conference of the French Association

of Regional Science in Lille (beginning of September 1997).
• followed the researches of the CODE-TEN European project as a "Quality controller

". He had the opportunity to inform the partners of the work realised in TERMINET
(1998).

• Informed the Region Wallonne where we FUCAM was working on a Belgian model
of freight transport about the Terminet project (1999).

M. Beuthe and B. Jourquin have had the opportunity to present some results of the TER-
MINET work at the EFS/NFS SCAST conference in Berkeley (10-13 March 1999).

Bontekoning,  Y.M.
• drew up 4 Terminet newsletters during the period 1997-1998
• presentation at Dutch railcluster “Setting the agenda for rail research”, 1999
• presentation about performances of new-generation terminals in Trail research-

school research programme Freight Transport Automation and Multimodality, clus-
ter meeting 1998

• presentation about organisational implementation barriers of new-generation termi-
nals in Trail researchschool research programme Freight Transport Automation and
Multimodality, cluster meeting 1999

Bontekoning, and Trip, presentation of Terminet results in the PhD-course Technologi-
cal Innovation in Transport, 2000
Demilie, L.
• participated in the Euro Session on GIS modelling., 17-22 May 1997

Jourquin, B.
• presented some elements of the NODUS work in Lille (23-24 April 1999) at the

NECTAR meeting of the Environment Cluster,
• presented Terminet work at the EURESCO meeting on Socio-Economic Analysis and

Geographic Information Systems, in Espinho (22-27 May 1999).
• presented the new work on network analysis (WP 3) at The Conference of the Western

Regional Science Association at Kamuela, Hawaii, USA, 1997.
• made the guide book for the Software NODUS available on the site

www.fucam.ac.be/~gtm.

Kreutzberger, E.,
• presentation at final conference IMPULSE 1998, Brussels
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• gave lecture at PhD-course Automation of freight transport: difficulties of intermo-
dal transport, 1999.

• presentation about innovative networks in Trail researchschool research programme
Freight Transport Automation and Multimodality, cluster meeting 1998

• presentation about innovative networks in Trail researchschool research programme
Freight Transport Automation and Multimodality, cluster meeting 1999

Priemus, H.,
• gave a lecture on new European networks of multimodal freight transport during the

conference ‘Transportation: A challenge for the FUTURE’ (Delft University of Tech-
nology). 1997,

• courseleader of the 2-day PhD-course Automation of freight transport: difficulties of
intermodal transport, 1999.

Wiegmans, B.
• gave lecture at PhD-course Automation of freight transport: difficulties of intermo-

dal transport, 1999.
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