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Preface

The importance of freight transport for our society is beyond dispute, but
transport volumes are ever growing and the problems to accommodate
freight flows in an efficient and sustainable way become increasingly alarm-
ing. Traffic congestion is rapidly growing and the quality of freight trans-
port is not able to keep pace with the rising ambitions: shippers want higher
reliability, lower prices, faster deliveries, more flexibility and higher service
levels. In addition the side-effects of freight transport, such as the environ-
mental deterioration, inefficient use of energy, space restrictions and traffic
accidents, become more and more acknowledged as serious problems. In
light of these problems there is a great challenge to achieve a breakthrough
in the improvement of the performance of freight transport systems.

Learning from experiences in the field of passenger transport, inter-
modal transport offers interesting opportunities to improve the perfor-
mance of a transport system.

This volume gives an overview of the current operations, design, model-
ling tools, policy and other issues related to intermodal freight transport.

The book is a collection of contributions of researchers from the
research program Freight Transport Automation and Multimodality
(FTAM), carried out at Delft University of Technology, together with
experts in this field from many different countries. Delft University of
Technology has also financially supported this research programme and
this book project.

THE AUDIENCE FOR THE BOOK

The book is written from a multidisciplinary perspective, because of the
complexity and diversity of relevant issues. Such an approach has the great
advantage of presenting a more or less integral view on the theme of multi-
modal freight transport, which in our opinion really helps to understand
the opportunities and threats related to multimodal freight transport. A
disadvantage could be that it leads to a set of contributions dealing with
rather diverse topics, that could limit the value of the book to a reader
having a very specific background or interest. However, since we have
attempted to avoid contributions going into very much technical detail and
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using extensive mathematical formulations, we believe the book is readable
for a broad audience. The book is intended to be read by people in the aca-
demic world, but it could also appeal to policymakers as well as practi-
tioners in the transport industry, who are involved in the operations, design,
modelling, implementation and policies for intermodal freight transport.

COMPANION VOLUME

The idea for this book project was born from the completion of a five-
year research programme on Freight Transport Automation and
Multimodality (FTAM) at Delft University of Technology. The goal of
this research programme was to provide knowledge and tools to design
and develop technologies and organizational structures for an integrated,
highly automated transport system for inland intermodal transport at
different geographical levels. In addition to these scientific ambitions the
programme of course also intended to contribute to improving the quality
of freight transport, reducing its negative external effects and, finally,
increasing its scope.

The richness of both themes and our wish to present a coherent book
structure and to avoid fragmentation led us to decide to produce two
volumes: this volume dealing with intermodal freight transport, and a com-
panion volume focusing on freight transport automation. Both intermodal
transport and transport automation will become increasingly important
solutions to cope with ever-increasing transport volumes in an efficient and
sustainable way. Although both themes are treated separately it is obvious
that they are also strongly related, for example with regard to developments
in automated transport at intermodal terminals. The relationship between
the books is expressed by the same general structure and comparable titles
of both volumes.

For the composition of both volumes a selected number of researchers
from the FTAM research programme together with experts in these fields
from many different countries have been invited to contribute. The chap-
ters have been reviewed thoroughly by external experts.

Although it is impossible to cover all aspects of freight transport
automation and intermodal transport in full breadth, we think that the col-
lections in both volumes give a useful overview of the latest developments
and tools regarding design and evaluation of innovations in these fields, as
well as a fruitful discussion on the implementation issues. The different
chapters of the books can themselves be viewed as an introduction to the
specific topics. The recommendations for further readings may be a useful
guide for readers to go beyond the scope of these volumes. Finally, we hope

x Preface



that both books will contribute to the further scientific, societal and
political debates on freight transport innovations.
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1. The future of intermodal freight
transport: an overview
Rob Konings, Hugo Priemus and Peter Nijkamp

1.1 INTRODUCTION

Generally speaking, freight is transported from door to door: sometimes it
is taken from the place where the raw materials are found (mines, for
example) to the processing plants, and sometimes from these plants to fac-
tories where the various raw materials and components are combined into
industrial end products, which are then transported to the wholesalers, dis-
tribution centres and eventually to the final consumer in the shape of a
company, an organization or a household.

It is often impossible to arrange just one modality for freight transport,
making two or even three modalities necessary: intermodal freight trans-
port. The market share of intermodal freight transport is relatively low and
is not showing a spectacular increase. The share of road transport is very
high in most countries. This may contribute to the flexibility of freight
transport, but emissions (soot) and road congestion (where passenger and
freight traffic use the same roads) are causing a growing problem. A larger
share for inland shipping, short-sea shipping and rail transport would be
an advantage, particularly where there are intense flows of goods. Many
countries will need to modernize their rail transport rigorously and ensure
the proper coordination of passenger and goods transport on the railway
network. Dedicated freight rail links could be the solution in some cases.

Air transport and maritime transport are two fairly well-defined market
segments in the international goods transport sector. Both supply chains
must be properly connected to inland freight transport: inland waterways,
roads and rail for maritime freight transport, and roads for air transport.

A breakthrough in intermodal freight transport is being hampered by
numerous factors. There are problems with operations due to a lack of
interconnectivity and interoperability. There are still wasted technological
opportunities and perspectives for design and modelling. And, last but not
least, there is a lack of interorganizational and international coordination,
as a result of which the reliability, the speed and the costs of intermodal
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freight transport are suboptimal. This raises challenges for improving the
implementation and public policies.

1.2 CONTENTS OF THE BOOK

In this book the challenges for successful development of intermodal freight
transport are discussed. This theme is elaborated along three topics, which
can be considered as main determinants for the performance of intermodal
transport and its potential role as an alternative mode for road transport.
The first chapters of the book are devoted to an overview of the present role
of intermodal freight transport operations and elaborate on the structure of
intermodal freight transport systems. They also outline future development
paths to improve the performance of intermodal transport. The next chap-
ters then go on to focus on some innovative approaches regarding the design
of terminals and the modelling of intermodal networks.

Design and modelling tools are presented that can be used to analyse
and support the performance of intermodal transport. The book closes
with an analysis of the requirements to get promising intermodal innova-
tions implemented and the policies needed to improve the competitiveness
of intermodal transport. In particular the role of governments comes into
play here. The book is structured according to these main lines and consists
of three parts, each dealing with one of these topics. This structure can also
be recognized in the subtitle of the book.

Part I: Intermodal Transport Operations

The current operations of intermodal freight transport are not the same
in different parts of the world. State-of-the-art overviews are presented for
the European Union, the United States and Japan. In addition, issues of
hinterland network developments, bundling of freight flows and terminal
handling quality are dealt with.

The first contribution in this part of the book, Chapter 2, presented by
Johan Woxenius and Fredrik Bärthel, gives an overview of the structure
and operations in the intermodal road–rail transport sector in the
European Union. Their presentation is based on a system approach in
which, successively, the system elements of actors, activities and resources
are used as a framework to describe and analyse the structure of the inter-
modal transport sector. The argumentation is empirically supported by
previous market studies of the authors covering in-depth interviews with
key players involved in intermodal transport. The chapter starts with a
description of the actors of the demand and supply side of intermodal
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road–rail transport. The role and activities of these actors are explained
and typical differences in their role and position in a variety of European
countries are discussed. The types of resources needed to offer intermodal
road–rail transport services are elaborated. The way in which these
resources are used are part of the operational principles of designing net-
works, that is, the production models for intermodal transport services (for
example direct or shuttle train operations or hub-and-spoke operations). A
major observation from this overview is that intermodal road–rail trans-
port is a rather complex system, partly due to the involvement of many
actors and different kinds of resources. Deregulation of the sector has
changed the structure to the benefit of the sector and more changes can be
expected according to Woxenius and Bärthel. However, many barriers for
further growth of intermodal road–rail transport must still be overcome,
for example, low infrastructural interoperability, missing infrastructural
links and missing access to attractive time slots, lack of standardization of
load units, lack of information systems and inefficient administrative pro-
cedures. The authors conclude that the future of road–rail transport will
also strongly depend on developments affecting the competitiveness of
road transport.

In Chapter 3 Latta Chatterjee and T.R. Lakshmanan discuss the origin,
the development and prospects of intermodal transport in the United
States. In their contribution the driving forces for intermodal transport are
explicitly addressed. The authors argue that the interplay of broader forces
of economic evaluation, technological changes, institutional and organiza-
tional developments, as well as specific and changing conditions of the
transport system in the United States, have shaped the interest in inter-
modal transport. Globally organized production and a shift from supply-
oriented (mass) manufacturing to high value-added custom-oriented
manufacturing have changed logistic supply chains significantly. With its
potential for integrating multiple modes, intermodal transport seems to
offer a flexible response to the supply chain requirements in the global pro-
duction and distribution system. Of course containerization has revolu-
tionized intermodal transport, but other technological innovations in
transport and communication have greatly enabled improved performances
of intermodal transport as well. Deregulation of the US transport sector
has also stimulated intermodal transport. These impacts are underpinned
by an interpretative statistical overview of developments in freight trans-
port, showing recent trends in intermodal transport in the United States.
The chapter proceeds with an analysis of emerging developments in US
intermodal transport in the context of observed and emerging technologi-
cal, institutional and organizational factors. In addition, policy and strat-
egic issues related to the future of intermodal transport are explored,
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attempting to identify the enabling role of the public sector. Chatterjee and
Lakshmanan conclude that extending the role of intermodal transport
would be desirable if the physical, organizational and information infra-
structure structures across a network were integrated in an optimal way in
order to reduce transaction costs and maximize operational efficiencies.
This would translate into lower costs and an increase in the competitiveness
of US firms in the global marketplace.

In Chapter 4 Eiichi Taniguchi and Toshinori Nemoto give an insight into
the position of intermodal freight transport in Japan. Its role in the total
transport system is very modest and examples of intermodal transport ser-
vices are still rather rare. Indeed the potential benefits of intermodal trans-
port are acknowledged, but according to the authors the exchange of
modes in terminals is a relatively expensive operation, making intermodal
transport only attractive for long distances. Moreover, as opposed to the
rail network, the road network in Japan has been significantly improved
and trucking companies have improved their transport services. As a result,
road transport has become very cost-efficient and competitive with rail
transport. The successful examples of intermodal transport discussed by
Taniguchi and Nemoto reflect rather exceptional conditions. Improvement
of the intermodal transport infrastructure, including in particular improve-
ment of access routes to railway stations and seaports, are considered as the
most crucial measures to stimulate intermodal transport.

In Chapter 5 Theo Notteboom zooms in on a very interesting and
important market segment of intermodal transport, that is, hinterland
transport of seaports. Transport of containers between the seaport and a
place in the hinterland is in fact the most developed market for intermodal
transport, and also definitely today the most dynamic market. Since market
players in the maritime industry have identified inland logistics as one of
the most promising areas still left in which to cut costs, to add value and
to increase profitability, interest in landside operations has increased
significantly. In their search for efficient inland services, shipping lines,
transport operators, port authorities and shippers have come up with
different network solutions leading to new dynamics in transport system
development. The bundling of freight flows in a limited number of trans-
port nodes proves to be one of the main driving forces in this development.
Notteboom elaborates the role of freight bundling in designing intermodal
services and uses these conceptual notions to discuss the hinterland
network developments in intermodal rail and barge transport for the
Hamburg–Le Havre port range.

In Chapter 6 Bart Wiegmans, Peter Nijkamp and Piet Rietveld deal with
the terminals in the intermodal transport chain. They address the quality
of services of container terminals as a competitive asset. Low container
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handling prices are a major competitive factor, but offering additional and
high-quality services has gained importance in this very competitive busi-
ness of container handling. Quantitative information on quality features of
terminals is rather rare and therefore the authors suggest an approach to
measure container terminal service quality and to determine critical per-
formance conditions. The chapter starts with a definition of terminal
service quality and presents the SERVQUAL model as a framework to
analyse the terminal service quality. This SERVQUAL model comes from
marketing theory and has been adapted to give an operational view on the
judgement of service quality of container terminals by terminal operators.
The service quality analysis is applied to maritime (deep-sea shipping) ter-
minals and continental (barge and rail) terminals. Reliability is a critical
performance condition for all types of terminals, but differences between
the terminals exist. The authors conclude that the terminal quality mea-
surement should be incorporated with methods to measure the perfor-
mance in the total transport chain.

Part II: Design and Modelling

When in general situations are suboptimal, technology often is mobilized
to solve current problems and create better solutions. This implies chal-
lenges for design and modelling. This second part presents an overview.

The contribution of Joan Rijsenbrij, Chapter 7, discusses the future
strategies of container terminals in seaports to accommodate growing
transport volumes. This discussion raises the question of what kind of
investments in handling facilities and inland infrastructure are desirable in
ports. Rijsenbrij elaborates this intriguing issue by postulating that the
future scale of vessels and inland transport vehicles plays a major role. In
reviewing the impact of scale developments he observes that vessel size
development has had significant influence on the design of handling facil-
ities, such as the cranes and the internal transport systems, but it has also
affected the infrastructure of the ports, for example the port entrance.
Rijsenbrij argues that further scale developments are likely, but these devel-
opments will also demand more dramatic changes in the terminal handling
systems, both at the waterside and the landside. The profitability of these
new investments however seems rather uncertain, provided that terminal
clients demand both lower costs and higher service levels. Following the
scale developments of vessels by large investments in terminals in order to
remain attractive for shipping lines may result in underutilization and
financial losses. On the other hand, if the scale developments are not antici-
pated the service level may be endangered, resulting in a loss of customers
and financial losses as well. Rijsenbrij believes that the answer to this
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dilemma could be found in establishing more cooperative structures
between the major participants in the door-to-door chain, where increas-
ing the vessel size is no longer a completely unilateral decision of the ship-
ping line.

In Chapter 8 Klaus-Peter Franke presents a technical solution for a new
logistic concept of hinterland transport, where intermodal transport
innovations in the seaport are combined with new developments in the hin-
terland. A key element of this concept is to use land in container ports more
efficiently, because with increasing throughputs at terminals and vessels
becoming bigger and bigger, storage in container ports is becoming more
and more land-consuming, and has driven many container ports to their
spatial limits. The main idea of this concept being launched in the United
States is to split container ports into an Efficient Marine Terminal part
ashore and an Intermodal Interface Centre inland, both connected by a
dedicated railway line. In this chapter Franke shows how this idea, named
the Agile Port System, could be elaborated from a technical perspective to
improve the performance of this logistic system, in both the Efficient
Marine Terminal and the Intermodal Interface Centre. As for the Efficient
Marine Terminal, a technology is proposed that enables containers to be
transhipped between vessel and freight trains without the need to start
moving the quay cranes along the vessel for positioning purposes. The big
advantage of this concept is that yard transfer vehicles are not required,
saving substantial machinery and labour costs. With respect to the
Intermodal Interface Centre, a container handling technology is presented
that allows for the transhipment of containers between trains instead of
shunting wagons. As a result dwell-time of wagons can be significantly
reduced, the handling speed can be remarkably increased and the amount
of land required is much lower compared to shunting yards. With the con-
tainer handling equipment proposed in these systems being of proven tech-
nology, the author concludes that it offers a great opportunity to realize a
challenging logistical solution for high-throughput marine terminals in
crowded locations.

In Chapter 9 Ekki Kreutzberger elaborates a conceptual approach to
identify promising intermodal rail and barge network operations. He
observes that particularly in the 1990s there has been a strong emphasis on
technical innovations to improve the performance of intermodal transport.
Many ideas, such as new types of terminals, trains, barges and storage and
transport systems, have been proposed, but most of them were not imple-
mented. However, despite the slow pace of implementation, Kreutzberger
argues and demonstrates that a more efficient load unit exchange can create
important advantages for link operations in the network in such a way that
it can improve the cost and quality of door-to-door intermodal operations.
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The possible synergy between exchange and network operations is
addressed and from this perspective the author emphasizes the need for a
reorientation in the choice of bundling concepts by train and barge oper-
ators. This issue of bundling of freight is elaborated through the relation
between network volumes, transport frequencies, scale of transport and
network layout. A typology of bundling concepts and a mathematical for-
mulation of the bundling effects are presented, and for rail transport also
results of performance and cost calculations. One of the results is that,
given one daily service on each transport relation, hub-and-spoke concepts
have the lowest main modality costs for networks with medium-sized flows,
line concepts and for networks for small flows. The network design logic
presented in this chapter has a somewhat different approach than existing
network design research. As a result the author ends with some recom-
mendations focusing on methodological issues. A main suggestion is to
strengthen the quantitative consistency between the entities of network
volumes, transport frequencies and the scale of transport units in network
design models and to let this relation be influenced by the choice of
bundling concepts.

In Chapter 10 Arne Jensen develops a conceptual and methodological
framework for the design and evaluation of intermodal freight transport
systems. This theoretical-oriented framework can be considered as a
generic toolbox, which can be used in a practical way. It assumes that any
transport system has to compete for customers and therefore competitive-
ness plays a crucial role in this system design approach. The author intro-
duces two notions to operationalize the competitiveness or viability of a
new intermodal transport system. These are the concepts of significant,
sustainable competitive advantage (SSCA) and market entry ability
(MEA). The SSCA concept assumes that shippers evaluate transport per-
formance in a multidimensional way and that cost, transport quality and
market orientation are important performance dimensions. The MEA
concept refers to ways to avoid or overcome entry and survival problems.
Jensen demonstrates how these concepts can be applied in the system
design process to specify the features of a new intermodal transport system
that has promising market perspectives. This design approach seems not
only applicable for new transport systems, but can also be used to modify
existing systems. An original feature of this approach is that it actually inte-
grates a methodology of transport system design and transport system
evaluation. This means that if this framework is used properly, costly mis-
takes can be avoided in the design phase of transport system development.

In Chapter 11 Florian Schwarz sheds light on the issue of modelling
intermodal freight transport. In the field of transport modelling inter-
modal freight network modelling is a relatively new research area, but due
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to a wide range of problems addressed by these models different modelling
approaches exist. Schwarz argues that the choice of a model should be care-
fully based on the objective of the model and the actors’ point of view,
because many different actors are involved in intermodal transport: from
policy decision makers, who set the legal framework for freight transport,
to different actors organizing and operating intermodal transport chains,
to shippers, that produce the demand for transport. Also the planning
horizon of the model determines possible modelling approaches. In add-
ition, the author emphasizes the role which different network structures can
play in modelling. The chapter provides an overview of contemporary
modelling approaches for intermodal freight networks, discussing the
models that make use of geographic information systems in more detail.
The rest of the chapter is used to present a new approach for modelling of
intermodal transport networks for seaport hinterland container traffic,
focusing on trimodal transport networks, combining barge, rail and road
transport within the same transport chain. This modelling approach is
based on using both geographic information about the available transport
infrastructure for road, rail and inland navigation, and detailed informa-
tion about necessary processes within intermodal transport chains.

Part III: Implementation and Policy

Many technological designs and models created on paper are never imple-
mented. Apparently there are barriers for increasing the scope of inter-
modal freight transport. This third part deals with interconnectivity and
interoperability as critical success factors, development strategies, infor-
mation technology and policy challenges for innovations in intermodal
innovations.

In Chapter 12 Bryan Stone reviews a number of important barriers to
efficient intermodal transport. He emphasizes in particular two issues,
which are inherent to the structure of an intermodal transport system and
therefore can be considered as critical success factors, namely interconnec-
tivity and interoperability. His chapter starts with a brief historical
overview of the development process of transport and the critical condi-
tions that enabled this new transport mode to take off in those early days.
Of course maritime containerization has paved the way to intermodal
transport as we know it today, but the container was, according to Stone,
just one element of the new vision to integrate modes. Maclean, founder of
Sealand in 1955, created interconnectivity and imposed interoperable
equipment, although it was still in his own closed system. The author moves
on to highlight the different types and causes of interconnectivity and inter-
operability problems, thereby also comparing the situations in Europe and
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the United States. As the liner shipping industry moved rapidly to inter-
modal operations in a short space of time, interoperability within the
chosen system was achieved rapidly. As far as the integration of the land-
based transport systems is concerned, their interconnectivity and interop-
erability have been and still are more problematic, particularly with regard
to the railways in Europe. Stone believes that EU legislation should solve
these problems, as unsolved interconnectivity and interoperability issues
create additional burdens to efficient intermodal freight operations and
restrict the competitiveness of intermodal transport with road transport.

Intermodal transport is a typical multi-actor business, in which many
organizations with different interests, cultures and core activities are
involved. Coordination of the processes of these organizations and their
relationships is a key element for the performance of intermodal transport.
In Chapter 13 Mariëlle den Hengst addresses this important issue of
interorganizational coordination and discusses the opportunities of infor-
mation technology to change and support interorganizational coordina-
tion. Information and communication technology enables organizations to
decrease costs and increase capabilities, and thus to change their interor-
ganizational coordination. The author starts with a theoretical framework
on interorganizational coordination. Within this framework the direction
in which interorganizational coordination will change due to the impact of
information and communication technology (ICT) is indicated. The frame-
work is used to design an ICT-based system to support interorganizational
coordination. The model base basically consists of an algorithm to find a
transport solution that matches a transport request, incorporating several
criteria to indicate the degree to which the transport solution meets the
requirements of the transport request. In addition, the algorithm and the
information structure have been translated into a prototype to demonstrate
the possibilities of ICT support to strategic coordination processes. Both
the framework and the prototype have been applied to the container trans-
port industry for evaluation.

In Chapter 14 Dimitrios Tsamboulas investigates ways and possible
strategies to develop intermodal transport in Europe further and to
increase its modal share. Tsamboulas summarizes the unsatisfactory
current status of intermodal transport quality and limited use as a result of
poor infrastructural inheritance, poor levels of interoperability, fragmen-
tation of operational control, separation of operational control from
responsibility and institutional arrangements that are unclear and contin-
uously changing, due to their transitional nature. However, the intermodal
transport environment as well as the policy framework within which
European intermodal transport operates are gradually changing, and
create opportunities for new products and markets in intermodal transport.

The future of intermodal freight transport 9



Five promising areas are being identified and discussed: the role of railways
as traction providers, short-distance intermodal services, intermodal ser-
vices for small shipments, integration of air transport into intermodal
transport chains and new trends in short-sea shipping services. In addition,
Tsamboulas addresses a number of general topics and related actions for
intermodal transport development. Based on this overview of issues he for-
mulates priority actions and a policy action plan. His conclusion is that the
development of intermodal transport in Europe needs the combination of
the top-down approach, for example European Commission policies and
legislation, and the bottom-up approach, which is the identification of the
needs of the intermodal transport market actors. Collaboration between all
actors, including private and public bodies, is an important condition and
point of departure for this development strategy.

In the final contribution to this book, Chapter 15, José Holguin-Veras,
Robert Paaswell and Anthony Perl explore the role of government in fos-
tering intermodal transport innovation and research. The authors highlight
the factors that enable or constrain intermodal innovations in the American
freight transportation sector. The institutional setting, the industry struc-
ture, and government–freight industry dynamics in transportation policy
can influence these innovations. Once the workings of these factors have
been highlighted, key challenges to intermodal innovation are identified and
a set of possible approaches to overcoming them is considered. The conclu-
sion assesses how these forces play out in other socio-economic environ-
ments. A major finding is that multiple implementation paths to innovation
are possible. These policy recommendations to stimulate and implement
intermodal innovations are not only applicable to the United States, but
seem to have a much wider interest.

10 The future of intermodal freight transport
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2. Intermodal road–rail transport in
the European Union
Johan Woxenius and Fredrik Bärthel

2.1 INTRODUCTION

An intermodal freight transport system is characterized by the subsequent
use of different traffic modes for moving goods stowed into an intermodal
loading unit (ILU) from the consignor to the consignee. It involves a wide
variety of activities, actors and resources, which implies a certain degree of
technological as well as organizational complexity. Other features are the
derived demand, dependency on surrounding activity systems and in
Europe a typical lack of formal systems management as well as of objec-
tives shared by all actors.

European intermodal road–rail freight transport (EIT) is regarded by
many as the universal solution to a wide range of problems related to
road freight transport as well as to the financial problems of national
railway freight operations. The European Commission estimates that
external effects from road transport in the EU cost €250 billion annually,
of which half relates to congestion. As an example, Van Schijndel and
Dinwoodie (2000) claim that 10 per cent of lorry operating time in the
Netherlands is spent in congested conditions. Supporting words have
been abundant and a truly wide range of political instruments have been
used for promoting EIT but they have still not created a truly level playing
field for competition with road transport. On the contrary, political
promises that were not delivered have caused disillusion within the indus-
try although initiatives like the Marco Polo Programme, the German road
toll (the LKW Maut) and the French subsidy to forwarders using EIT are
promising.

The high expectations of increased EIT flows, in particular from polit-
ical actors, have not been fulfilled although the industry has shown sub-
stantial growth over a number of years. According to the European
Commission (2002), EIT almost doubled from 33 to 64 billion metric
tonnes-km between 1990 and 2000, accounting for 2.2 per cent of the total
transport performance in the EU in the latter year. The transport markets
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that have been successfully penetrated are mostly related to Alpine
crossings and transport between the main seaports and their hinterlands
(Eurostat 2002).

There are many reasons for the unsatisfactory development (Bukold
1993 and 1996; Henstra and Woxenius 1999; Zapp 1999):

● time and cost handicap due to the transshipments;
● inferior frequency;
● lack of standardization of swap bodies;
● rigidity of government-owned railways;
● fear of internal competition with wagon-load transport within

railways;
● inadequate long-term stable access to rail capacity at strategic times;

and
● lack of realization of political promises.

In previous theoretical work (Woxenius 1994), the systems approach
(Churchman 1979) and the actor approach (Gadde and Håkansson 1992)
have been used to develop a three-element approach. The elements consist
of actors, activities and resources, and they have been found useful as start-
ing points for analyses of industrial structures with different purposes. This
chapter deals with the whole transport chain although the focus is stronger
on the core of EIT – terminal handling and rail haulage – and from the
moment the ILU is filled to the moment it is emptied. The focus is also on
the ‘conventional’ EIT industry with unaccompanied haulage of goods
loaded in containers, swap bodies and semi-trailers offered to an open
market. This limitation implies that ILUs are seen as part of the goods and
not explicitly as a system resource. The focus is also restricted to transport
chains including rail transport. Inland or short-sea shipping in combina-
tion with road transport are intermodal transport chains which are not
being discussed.

The empirical foundation for the description and analysis of the market
is a study carried out in 1994 (Woxenius 1994) and an update and revision
in 2002 (Woxenius and Bärthel 2002). The study in 1994 was based upon 20
structured interviews with officials of EIT companies, forwarders, terminal
companies and shippers as well as upon scientific literature, public statistics,
annual reports and brochures. The update was based upon information
from journals, Internet sites and interviews with industry representatives
along with continuous coverage of the industry while addressing related
research questions.
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2.2 THE MARKET AND THE ACTORS

The EIT system may be described by its core activities: pre- and post-
haulage by road (PPH), transshipment, rail haulage, coordination activities
and, where applicable, sea transport. In addition, infrastructure and sup-
porting activities such as lease of equipment, inspection, cleaning, mending
and empty stacking of ILUs are needed for the system to work. Stuffing of
goods in ILUs is performed by the shipper or by the forwarder if the goods
are consolidated in its general cargo terminal and not included in the
system model.

Although EIT by definition involves at least two traffic modes, the focus
here is on the core of EIT, as shown in Figure 2.1, including rail haulage
and transshipments. This is what distinguishes EIT from all-road transport
and the road–sea combination. Most intermodal research implicitly takes
this perspective, although studies on PPH by road have been published for
instance by Morlok and Spasovic (1994), Niérat (1997) and Taylor et al.
(2002).

The Demand Side of the Core of the EIT Market

The role of the shippers in the EIT system is largely determined by the size
of their shipments. Shippers sending full ILUs (15–35 tonnes depending on
type of ILU and country) obviously take an interest in the system, while
customers sending general cargo typically do not know or care how their
consignments are forwarded. Apart from stuffing and stripping and sup-
plying the ILUs, the activities occasionally performed by shippers include
transshipment at private sidings and PPH. Some large shippers arrange
their own logistics, maintaining a forwarding role, and exceptionally, like
IKEA, they coordinate the core of EIT.

The role of the forwarders, sometimes referred to as logistics service
providers, is to act as an intermediary in the transaction of transport ser-
vices between shippers and operators supplying physical transport and
transshipment services. The definition of the market used here implies that
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Figure 2.1 A system model focusing on activities in the intermodal chain
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forwarders, mediating the specific demands from a multitude of shippers,
can be called ‘proxy customers’ (Ohnell and Woxenius 2003) and are thus
part of the demand side.

Traditionally forwarders perform activities such as physical and admin-
istrative consolidation of small consignments, documentation, warehous-
ing and supplying ILUs. Ties to the hauliers have traditionally been very
strong for the land transport segment, but increasingly they are traffic mode
neutral. Many forwarders also operate lorries themselves and are thus
both forwarders and hauliers. Exceptionally, like Hangartner (owned by
German Railways, DB, since 2002), they operate intermodal terminals and
coordinate the core of EIT.

Forwarders have a dominant position in the transport system, but their
scale is often overestimated since they are wholesalers and they show large
turnover figures, but figures of value added, number of employees or the
balance sheet are not equivalent to, for instance, those of the railway com-
panies. This is especially true for the much-hyped but still rather insignificant
fourth-party logistics service providers or ‘non-asset-based operators’, such
as Exel, GeoLogistics and Celexor, which take on a coordinating role only
and subcontract all physical activities.

In EIT, forwarders act on different markets defined by size of consign-
ments, geography or type of ILU. The traditional forwarders such as
Schenker, DHL (mainly the former Danzas part) and Kühne and Nagel,
have a history of close connections to road hauliers and use EIT as part of
some regular services, as reserve capacity or on customers’ request. These
large forwarders attempt to offer all types of transport between all geo-
graphical areas. The wide range of transport on offer implies that the trad-
itional forwarder covers the full-truckload, part-load and general cargo as
well as parcel segments. Mergers and acquisitions to form players with
larger geographical and service scope have created a new picture in which
the German state maintains a very dominant position in Northern Europe.

Semi-trailer operators such as Euroute and GT Spedition usually own
semi-trailers and buy the haulage services from small hauliers, short-sea
shipping lines or intermodal operators. They have terminals for grouping
shipments, however, on a smaller scale than the traditional forwarders since
they primarily move part-loads and full loads. Geographically, they often
specialize in transport between two countries and cooperate bilaterally with
a similarly focused forwarder.

The business orientation of the swap body operators is to transport full
loads directly between major industrial areas. The road haul costs of swap
bodies is higher than for semi-trailers and they are less suitable for roll-
on/roll-off shipping, which means that this segment is most tightly con-
nected to EIT.
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Container shipping lines and their shipping agencies have shown a par-
ticular interest in extending their control to port operations and hinterland
transport. Consequently, Maersk-Sealand and P&O Nedlloyd are partners
in intermodal train operators specializing in shuttles to and from the big
ports.

It should be noted, though, that there are vast differences in the for-
warding role between the national markets. In Germany, France and
Sweden large traditional forwarders dominate, while Dutch forwarders, to
a larger extent, have vehicles of their own, combining the forwarding and
haulier roles. Italy and Spain have almost as many hauliers as lorries and
lack a strong forwarding industry although the trend is to cooperate in
different forms of alliances.

Beside information and communication technology (ICT) systems for
controlling the flows, resources controlled by forwarders are mainly general
cargo terminals and ILUs.

The size of hauliers varies widely between European countries. In
Germany, Italy, Spain and Sweden the hauliers are of small or moderate
size, while the French and Dutch road transport market is dominated by
somewhat larger hauliers. In domestic transport, hauliers are often con-
tracted for a long-distance haul and decide whether to subcontract an inter-
modal operator. In international EIT, hauliers have a role of supplying the
forwarder with one local road haulage, while another haulier is contracted
for the other haul. Hauliers can hence be placed both on the demand and
the supply side of the market.

The resources of the hauliers vary according to their size. Some hauliers
have specialized in hauling one type of ILU, while other larger companies
possess vehicles for all types of transport. Other activities performed are
supplying ILUs and, occasionally, operating terminals. With horizontal
transshipment systems like the Swiss–Austrian Mobiler and the French
Modalohr, the hauliers will become more important for the transshipment
activity.

The Supply Side of the Core of the EIT Market

The supply side of the EIT market is traditionally divided between com-
panies based upon rail and road transport respectively. Considering regu-
lated monopolies and the historic scope of concessions, the borderlines
between market segments have been drawn according to types of ILU and
geographical markets (Bukold 1996). Due to transport policy deregulation
in the EU, this practice is now diminishing (Aastrup 2002).

The classic role of the rail operators has been to sell rail haulage
between intermodal transshipment terminals. They also operate terminals

Intermodal road–rail transport in the European Union 17



and supply rail wagons. In addition, the railway companies have owner
interests in virtually all of the other actor categories needed for producing
EIT services.

The intermodal operators are obviously of particular interest to this study.
When the maritime or ISO container was introduced in the 1960s, the
national railway companies founded container transport companies in order
to offer complementary land transport. Intercontainer, later Intercontainer-
Interfrigo (ICF), was founded for international transport and companies like
Transfracht in Germany, Compagnie Nouvelle de Cadres (CNC) in France
(founded in 1948 for moving smaller containers) and Italcontainer in Italy
were founded for domestic transport. In Scandinavia, faced with less rigid
transport regulations, the railways offer transport of all types of ILUs. The
railways and the Norwegian intermodal operator CargoNet retail to ship-
pers, while CargoNet’s Swedish subsidiary Rail Combi wholesales the core
of EIT.

ICF and the national container companies have their base in the trans-
port of maritime containers to and from seaports, but they also offer trans-
port of containers, swap bodies and to some extent semi-trailers between
European inland terminals. Deregulation implies that the intermodal oper-
ators in the railway family are less restricted by national borders, and ICF
now operates domestic trains, while container companies compete for
border-crossing flows.

Forwarders and hauliers established their own national companies such
as CEMAT (in 1953) in Italy, Trailstar (in 1964) in the Netherlands, TRW
(in 1965) in Belgium, Novatrans (in 1966) in France, HUPAC (in 1967) in
Switzerland and Kombiverkehr (in 1969) in Germany (Wenger 2001). The
original purpose of these organizations was to organize the transport ser-
vices for which the road-based transport companies had concessions. Now
in the post-regulation days, they still coordinate the core of EIT, but due to
the fact that most hauliers are small companies, their role as a strong coun-
terpart to the railways in negotiations is more important. This goal is,
however, rarely stated since the national railways usually hold at least a
minority share of the companies. In the case of German Kombiverkehr,
DB now owns 50 per cent of the company. Since 1970, the companies coor-
dinate their international operations through the International Union of
combined Road–Rail companies (UIRR). Earlier, the UIRR companies
worked as pure intermediaries, but increasingly they carry the commercial
risk of filling trains.

Many, not least the European Commission, entertain hopes that new
intermodal operators will emerge onto the scene. However, high initial
investments, large economies of scale, lack of clearly established market
shares and the industry’s currently low profitability keep new entrants out
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of the picture. Also the lack of long-term transport policies and the strong
market position of the national railways discourage private investments.
One exception has been that American companies have tried unsuccess-
fully to practise their domestic intermodal experiences in Europe. There
are also some genuine new actors such as IKEA Rail, NeCoSS and Hafen
und Güterverkehr Köln. The general trend, though, is that the already
active European actors find new markets or extend their scope of services.
The present actors have also formed alliances, such as Polzug, Metrans,
Hansa Hungarian Container Express, TARES and European Rail Shuttle
in order to get access to critical resources, knowledge or clearly established
shipper contacts in line with the suggestions of Gifford and Stalebrink
(2002).

In general, the new intermodal operators are found in the northern part
of Europe and in particular in the large market for hinterland transport of
maritime containers related to the ports of Hamburg, Bremerhaven,
Rotterdam and Antwerp. The ports themselves have also demonstrated
their interest in hinterland transport by rail. In the case of Germany, for
instance, the port operator HHLA has bought 50 per cent of Transfracht
from DB. These initiatives all aim at ‘cherry-picking’ EIT: they do not
capture new market shares from road transport, but rather from existing
intermodal services.

Most terminals are operated by actors that also maintain other roles,
but increasingly by dedicated terminal operators. One category is con-
tainer port operators such as PSA of Singapore, Hutchison of Hong
Kong and American CSX World Terminals that build global networks.
Another category is shipping lines that operate port terminals supporting
their own shipping operations, but also as businesses in their own right in
subsidiaries such as APM Terminals (Maersk), P&O Ports and Evergreen
Ports. In line with the so-called dry-port concept, these port operators
might expand to inland terminals on a large scale. Yet another category
is local companies operating a single terminal, often with local authori-
ties, rail or intermodal operators, hauliers and dominant shippers as
co-owners.

So far most of the rolling stock has been supplied by the rail or inter-
modal operators, but there is a clear tendency towards avoiding large
investments by using leasing companies offering engines and wagons. A
clearer actor role concerning rail traction is also distinguishable with many
small rail companies, often with a short-line origin. The actor analysis is
presented in the actor version of Figure 2.2.

In more detail, the actors and their activities are better presented in a
table. As an example, the Swedish intermodal operators are presented in
Table 2.1.
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Figure 2.2 A system model focusing on actors in the intermodal chain

haulier haulier
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Table 2.1 The Swedish intermodal operators and their activities

Operator 
Activity

PPH D D D SD/SI SD D SI
Transshipment D D D SD/SI D/I SD/SI SD I
Terminal D D D/I

services
Rail haulage D D D SD/SI SD/SI D SI D
Market to D D D D/I D I
shippers

Coordinate D D I D/I I
EIT

Coord. EIT D D D D/I D/I D/I D I
core

Supply ILUs D I
Supply rail

wagons D D D I D/I SD/SI D I D/I
Supply rail

engines D D D SD/SI SD/SI D SI D/I
Launched, year 2002 1998 2000 1996 1993 1992 1990 1998 2001
Closed, year 2001 2000 2003 2004

Note: D: domestic, I: international, italics: exceptional cases, S: by subcontractor.
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The Marketplace

The way EIT providers approach the shippers varies depending on whether
the service is domestic or international and also on the history and strategies
of the intermodal operators. ICF, CNC and CargoNet offer their services
to shippers or intermediaries, while the UIRR companies, Transfracht,
Italcontainer, Rail Combi and most of the new entrants strictly limit their
services to forwarders, shipping agencies and hauliers. On demand, the
former operators offer PPH, while the latter ones leave this to their cus-
tomers. The railways often maintain a forwarding role and offer door-to-
door EIT.

On the way to the shippers the services are bundled in different ways. The
principles for this bundling are shown in Figure 2.3, where dotted lines indi-
cate occasional supplier relations.

2.3 THE PRODUCTION SYSTEM 

The physical components of the European EIT system definitely qualify
as mature technology. Lorries are either semi-trailer tractors, flatbed
container lorries or swap body lorries equipped with air suspension.
Rail engines are of standard freight design, occasionally capable of multi-
current power supply, while rail wagons are either pocket wagons for
semi-trailers or flatbed wagons for containers and swap bodies. In addition,
rail wagons for special applications, mainly horizontal transshipment, have
been developed, but except for turntable wagons (for example ACTS),
bimodal boggies for trailers (for example Wabash’s RoadRailer as imple-
mented by BTZ) and wagons for roll-on/roll-off (RoRo) loading (for
example Modalohr), very few are in use. In case of sea transport a ship is
obviously needed.
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Figure 2.3 A system model focusing on actors with typical supplier
relations in the intermodal chain
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The vast majority of terminals base their operations on gantry cranes
and reach stackers. Many suggestions for new intermodal transshipment
technologies have been presented (for overviews and evaluations, see Ballis
and Golias 2002; Bontekoning and Kreutzberger 1999; Woxenius 1997),
but very few have been commercially implemented. Most new technologies
aim at either small-scale and low-cost operations or large-scale, automated
and fast applications. For the mid-range terminals, say 50 000–200 000
transshipments a year, conventional technologies are sufficient for the
current use with transshipments during some hours in the morning and in
the late afternoon.

Beside transshipment technologies, ICT systems attract most attention.
Railways were among the really early users of computers, but mainly
of mainframes controlling their own production and administration.
Electronic data interchange connections with customers are of rather
recent date. Efficient ICT systems are vital to forwarders controlling huge
numbers of small consignments for many shippers, but less crucial to
hauliers, rail and intermodal operators which can move a single container
or some 80 boxes in a shuttle train for a limited number of customers. The
resource analysis is presented in Figure 2.4.

In addition to these physical resources, operations clearly depend on a
large number of skilled employees, organizational know-how, brands,
developed procedures and legal agreements as well as permissions and train
slots from authorities. Road and rail infrastructure is needed to accomplish
EIT, but as this is supplied by government in exchange for user charges and
shared with passenger and other freight operations, it is not treated as a
resource.

About 100 of the 2000 European intermodal terminals correspond to
90 per cent of the total freight volumes (Nelldal et al. 2000) and the chal-
lenge is to offer services to smaller terminals. This underlines the impor-
tance of fast train-forming, marshalling and handling techniques to
facilitate market coverage and a high average speed (for example Siegmann
and Tänzler 1996). In order to combine economies of scale and frequency
in the rail haul and a dense terminal network, the EIT industry uses a
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Figure 2.4 A system model focusing on resources in the intermodal chain
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number of operational principles when they design their networks. The
design principles are schematically illustrated in Figure 2.5.

The deregulation of the European rail network has entailed a separation
of the production systems for passenger and freight, in order to specialize
and to avoid cross-subsidy. In the rail freight industry, the co-production of
wagon-load and intermodal services has continuously decreased, due to the
mono-functional rail terminals, the focus on full trains and diverging
service requirements. The flexibility, earlier maintained through a combi-
nation of different wagon-load and intermodal services as well as a wide
market coverage, are lost.

An operational design consisting of a hierarchic network (D1) forms the
foundation in the conventional wagon-load network. The train sets are
operated along routes with repeated shunting or marshalling operations.
The trains stay at the terminals only briefly, requiring rapid handling
or marshalling. The operator can choose among many different routes
between the origin and destination terminal. The maximum degree of
freedom is possible if the routes are dynamically allocated in real time as a
function of actual demand.

Economies of scale are clearly present in rail transportation and since
approximately 1990, EIT companies have abandoned their networks and
focused on transport quality (primarily transport time and reliability),
economies of scale and a high utilization rate for each train. Thereby the
production philosophy has changed dramatically from conventional hier-
archic networks towards a focus on shuttle trains or block trains between
economic centres and ports.

The direct connection design (D2), aims at large flows transported
directly between origin and destination terminals over relatively long
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Figure 2.5 Network designs for EIT: (D1) hierarchic network, (D2)
direct connection, (D3) shuttle train, (D4) hub-and-spoke
network and (D5) transport corridor
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distances. Direct connections require some 100 000 annual tonnes for daily
departures, which limits this design to a small fraction of the total trans-
port demand. The handling capacity requirements depend on how long the
trains stay at the terminal and the conventional night-leap traffic reduces
these requirements to a non-critical parameter.

The shuttle train design (D3) is a special application of D2 distinguished
by the operation of fixed-formation train sets, operating specific origin–
destination connections. This creates a base for reliable and cheap opera-
tions, since neither cost- and time-consuming shunting of wagons, nor
sophisticated information systems, are needed. The timetable is not depen-
dent on other transports and can easily be tailor-made for the customers,
that is, there is a high degree of flexibility regarding time planning. EIT shut-
tles are used for: (1) transports of containers on high-volume connections
between ports and their hinterland, for example the network operated by
Transfracht and new entrants; (2) as infrastructure replacement, for
example for rolling highway transit operations through the Alps and under
the English Channel; and (3) as fixed-capacity trains in the railway net-
works, for example by CargoNet in Norway.

In the hub-and-spoke (H&S) design (D4) a centrally situated terminal is
selected as hub and all transports pass through this terminal, where
wagons are marshalled or ILUs transshipped between the trains. The
advantage is good market coverage despite insufficient volumes for direct
trains between the different origin and destination terminals. Rational
marshalling or handling at the hub is crucial as it compensates for longer
transport distances.

One application is CNC’s network in France, in which Paris assumes the
function as hub. The hub function, however, is not absolute since large
parts of CNC’s flows relate to the region of Paris. The transport network
operated by ICF is based on two H&S networks, the Quality Net and the
X-net, operated by block trains. The Quality Net is operated with 60 trains
six days a week and connects 12 countries via a hub in Metz. The recently
developed Cargo Express system in Switzerland, serving the market for
high-value products over medium distances in co-production with wagon-
loads, is operated as a H&S system with fast day- and night-leaps through
the Dänicken hub.

In the transport corridor design (D5), trains, sometimes called liner
trains, make frequent stops along a corridor line and thus cover the inter-
mediate markets and so enable PPH on shorter distances. Along the corri-
dors, fixed train sets operate at a high frequency according to a tight and
precise timetable. Transfer time must be kept at a minimum so as not to
prolong the total transport time too much. Storage at the terminals is
needed since road and rail operations must be detached. These trains are

24 Intermodal transport operations



for dual transport markets – dispersed flows over long distances and dense
flows over short distances – and by combining these markets, the service
can attract enough flows for good resource utilization. Interconnected liner
trains permit large areas to be covered at relatively low costs. The organ-
ization of such services, however, is difficult and needs to be tailored to the
business. Corridor services could perhaps be considered as supplementary
to the network of direct links, serving the less busy corridors. Empirically,
the Swedish Light-combi concept shows that long distances, 650 km, can
be covered during the night-leap including four intermediate stops (Bärthel
and Woxenius 2003).

2.4 THE SIZE AND CHARACTER OF THE FREIGHT
FLOWS

The transport performance in Europe increased from 1.4 trillion metric
tonnes in 1970 to 3.1 trillion metric tonnes in 2000, that is, by 119 per cent,
or 2.6 per cent per year (European Commission 2002). Fifty per cent of this
transport work regards distances between 150 and 500 km and 20 per cent
distances over 500 km. The market share of unimodal road transport, mea-
sured in metric tonnes, increased from 35 per cent in 1970 to 44 per cent in
2000 and also intra-European sea transport increased its market shares as
shown in Figure 2.6. The transport performance of domestic sea transport,
pipeline and rail transport and inland shipping was rather stable, implying
significantly reduced market shares. In the case of rail transport, it decreased
from 20 to 6 per cent.

The EIT flows have grown substantially and doubled in volume between
1990 and 2000 (European Commission 2002). Figure 2.7 shows the devel-
opment between 1990 and 2002 for the largest operators in Europe. Notable
are the large increase for the UIRR companies, the decreasing volumes for
ICF and the large market share for the Swedish operator Rail Combi.
Earlier estimates of the intermodal freight flows are often based on aggre-
gated statistics of the UIRR companies and ICF. This was adequate until
the beginning of the 1990s, but due to services by new intermodal opera-
tors and the railways themselves, for example the large flows of automobile
parts to and from Spain, statistics must be dealt with in more detail.

Besides the price–quality ratio of competing transport modes, the com-
petitiveness of EIT depends on geographical and demographical condi-
tions. Conventional EIT, characterized by transshipment of unit loads by
use of gantry cranes and reach stackers, full train night-leaps directly
between terminals and services offered to shippers through intermediaries,
is generally competitive at distances above 500 km (Van Klink and Van den
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Note: Data from Italcontainer are not available.

Source: Intermodal transport operators.

Figure 2.7 Transported volumes (in TEU) of the major European
intermodal transport operators, 1990–2002
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Figure 2.6 Transport growth in the EU between 1970 and 2000 by
transport mode (in billion metric tonnes)
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Berg 1998). For container shuttles to and from ports, the distance is slightly
shorter (Rutten 1998). The average distance for the largest EIT operator,
ICF, was 784 km in 1991 and increased to 952 km in 2002. For domestic
transport, the largest operator, Kombiverkehr, reported a break-even dis-
tance of 350 km in 1998. The average transport distance for the UIRR com-
panies was 550 km domestically and 760 km internationally.

Germany holds a dominant position with almost half of Europe’s
domestic EIT, and even more so if EIT by inland waterways is included. In
France domestic EIT operations are also substantial. Many countries, for
example Belgium, the Netherlands and Denmark, are not large enough for
competitive domestic EIT. Peripheral countries, like Italy, Spain, the UK
and the Scandinavian countries, have rather substantial domestic networks
with border crossings defined as gateways to other networks.

A few relations across the Alps dominate border-crossing EIT. Partly due
to Swiss and Austrian regulation and tax policies, EIT has a large market
share for the flows between Italy–Benelux and Italy–Germany, for example
50 per cent between Italy and Belgium. Other examples of large market
shares for EIT are between Sweden and Italy with 60 per cent, Belgium and
Spain with 30 per cent and Sweden and Belgium with 30 per cent (IQ 1998).
A truly unexplored market is the triangle of France–Germany–Benelux,
where the unimodal road flows are 100 times larger than the EIT flows
(ibid.). The major EIT flows are presented in Figure 2.8.

It might be questioned whether this is a real network or some independ-
ent direct connections. Figure 2.8 also reveals the previous trend regarding
the east–west corridors connecting the accession countries in Eastern
Europe with the economic centres and ports in Western EU.

The general trend regarding types of ILUs transported by the UIRR
reveals an increasing share of rolling highway and swap bodies at the
expense of semi-trailers. Between 1995 and 2000 the number of swap bodies
transported by the UIRR increased by 27 per cent to 1 367 000, compared
to a decrease in semi-trailers of 32 per cent to 152 000 units. The use of
semi-trailers is more common in France and Germany. In Germany, the
shorter class C (7.15–7.82 m length) almost universally prevails, but else-
where there is a clear trend towards an increasing share for Class A swap
bodies of semi-trailer length.

2.5 SYNTHESIS AND OUTLOOK

Comparing the studies of 1994 and 2002, it is obvious that due to deregu-
lation, changes have taken place in the EIT industry. Some ‘cherry-pickers’
have entered, some of them have left, while others maintain and develop
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their position in the market. Above all, however, the large players have
changed strategies, entered new markets or formed alliances which give
much faster and more dramatic changes as well as a more scattered picture
than in the monopoly days. In general, the new intermodal operators are
found in the northern part of Europe and in particular in the large market
for hinterland transport of maritime containers related to the large ports.
The comparison reveals that the national railways have widened their
scope, that less intermodal operators sell directly to shippers and that the
forwarders’ mediating role is strengthened.

Capital for intermodal equipment is found to be a major barrier for EIT
operators (Golias and Yannis 1998). For a long time, rail wagons have been
leased, but companies offering traction services, often with a short-line
origin and leasing of locomotives, play a new and vital role in lowering the
entry barriers for new entrants.

Moreover, a political discussion on whether terminals should be part
of the infrastructure or of transport operations is initiated. This distinction
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Source: Statistics from the operators and Eurostat (2002).

Figure 2.8 Major European intermodal transport flows in 1999 (flows
exceeding 40 000 TEU/year), domestic flows (figures) and
international bilateral flows (lines)
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is crucial under the current EU regulatory framework, in which infra-
structure is a government concern while operations should be open for com-
petition. It might well end in a situation where the fixed terminal installations
are supplied by public infrastructure providers at a marginal social cost,
while the terminal operation is up for tender and commercially charged.

The statement that ICT is most essential to forwarders is in line with con-
temporary research by Patterson et al. (2003), who conclude that new ICT
systems are more likely to be adopted by large and also by decentralized
companies, rather than by small ones and hierarchies. It is then logical that
the adaptation of ICT in the transportation sector is led by the large for-
warders and neither by the small hailers nor by the hierarchic railways.
Golob and Regan (2003) find that road transport companies operating
large fleets are more likely to adapt ICT like EDI than, interestingly, those
engaged in EIT.

Still, ICT systems are not unimportant to railways and hauliers.
Applications making their own production and administrative processes
more efficient, exchanging orders and billing information with the coordi-
nating actors and supplying them with tracking and tracing data, are
useful. Lack of tracking and tracing systems has often been argued to be
the main competitive disadvantage for EIT, but just adding that capability
will not solve all reliability issues. Tracking and tracing systems can only
mitigate the consequences of reliability problems, not remove them.

The merger of Figures 2.1, 2.2 and 2.4 focusing on activities, actors and
resources respectively results in the system model in Figure 2.9.

Concerning train operations, there is obviously no point in plying termi-
nals when the train is already full with ILUs bound for a single terminal,
but the question that arises is: how large are the flows needed for the shuttle
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Figure 2.9 Results of a system analysis of the intermodal transport system
applying the network approach
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train services and how are market coverage and train frequency affected?
As a dedicated freight rail network emerges (European Commission 2001),
‘night-leaps only’ will be abandoned by sensible operators that do not allow
trains to stand idle at terminals during the daytime. ICT improvements will
facilitate flexible timetables for freight trains.

Attempts at lowering marginal costs by increasing train sizes are limited
by the infrastructure, and increases must be matched against departure fre-
quency and transshipment productivity gains (Ballis and Golias 2002). It is
vital for the competitiveness of EIT that services with different character-
istics can be co-produced (Trip and Bontekoning 2002) and the integration
of different and flexible network designs can facilitate the utilization of
economies of scale. For example, Liu et al. (2003) prove that hybrids of
operating principles can save at least 10 per cent of the travel distance in
consolidation networks, an issue also addressed by Houtman (2002).

Shippers usually argue that poor price and quality performance prevents
them from using EIT (Ljungemyr 1995; Ludvigsen 1999), and that a sub-
stantial cost and/or quality leap, primarily regarding frequency and relia-
bility, is necessary to improve the competitiveness of EIT (Konings and
Kreutzberger 2001). The cost components obviously differ between the
countries and companies, but the high proportion of fixed costs compared
to unimodal lorry transport implies a break-even distance of 400–500 km.
The PPH often constitutes 40 per cent of the total cost and the transship-
ment some additional 20 per cent (Persson 2003; Bergstrand 2001). The
competitive disadvantages are particularly distinguished in border-crossing
relations due to technical and organizational interoperability problems
between the national rail systems. Substantial improvements have been
achieved through the change towards shuttle and block train designs, but
the most effective improvements have been obtained through an improved
interorganizational cooperation between the European rail authorities
(Vleugel et al. 2001; Hansson 2003).

From a supply-side perspective the main barriers for further growth of
EIT are related to infrastructure, such as a lack of spatial coverage and ter-
minals, insufficient infrastructural interoperability, some missing links and
bad access to attractive slots. The lack of standardization of ILUs, infor-
mation systems and administrative procedures are also hampering, as well
as the remaining lack of competition for rail traction, despite EU efforts
(Henstra and Woxenius 1999). The problems related to ILUs are acknowl-
edged by the European Commission (2003) when proposing the European
Intermodal Loading Unit, the EILU, combining the benefits of the ISO
container with those of the swap body.

Demand for environment-friendly transport will affect the demand posi-
tively, but EIT cannot solely rely on its ‘environmental friendliness’ (IFEU
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and SGKV 2002). Once lorry engines can be made more energy-efficient
and the discharge of emissions lessens, their currently superior operational
efficiency might actually also make them superior from an environmental
perspective. Moreover, on a local level, neighbours to intermodal terminals
protest against the increased local traffic and related disturbances (Slack
1999). This implies that some present terminals have to operate during
restricted hours and others have to be relocalized. New terminals will be
built outside city centres or be designed for less noise emissions.

Nevertheless, the key to a prosperous EIT sector actually lies in the com-
peting unimodal road transport sector. Governments clearly state that
investments in roads to cope with increasing vehicle flows will not be real-
ized, and road hauliers threatened by congestion will turn to the tracks to
fulfil their promises for fast and reliable service.
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3. Intermodal freight transport in the
United States
Lata Chatterjee and T.R. Lakshmanan

3.1 INTRODUCTION AND OVERVIEW

A variety of interrelated factors have converged in the last quarter of the
twentieth century to alter, in significant and pervasive ways, the nature and
scope of the US freight transportation enterprise – what is being trans-
ported, how it is transported, where from and where to (origins and destin-
ations of goods). There have been major changes in the volume and
composition of goods, which are moved over longer distances in both
domestic and global markets; freight is moved more frequently in smaller
shipments, and, on average, is of higher value than before (Figure 3.1).
Major freight routes (domestically and globally) are evolving, in short
order, in response to changes in the global economy and in the geography
of emerging production centres (US DOT 2000).

A major factor underlying this transformation of freight transport is rep-
resented by the changes in the scale, in the composition, and in the structure
of the American and global economies. The demand for transportation ser-
vices has grown in response to the generally brisk performance of the US
and global economies in this period. The US economy is becoming domin-
antly services-oriented, and shifting from mass manufacturing to high
value-added custom manufacturing. The resulting combination of increas-
ing information content and decreasing material intensity of goods changes
the character and value of goods being moved. Further, the US and other
Organisation for Economic Co-operation and Development (OECD) coun-
tries, in search of lower overall factor costs, have created global and regional
free trade regimes, and globally organized production systems and value
chains, which require speedy and timely movements of goods. These flows
of goods are coordinated across national and global transport nodes and
links in order to support the smooth functioning of the globalized economy.

Technological changes in the transport sector in the US have arrived in the
form of the Interstate Highway System, the jet aircraft, the container and
container ships, roll-on/roll-off vessels, and a variety of micro infrastructure

34



to facilitate operations at seaports and airports. The use of information tech-
nology (IT) greatly enhances transport operator and system efficiency,
offering not only speedier goods transport at declining costs but also the
ability to ‘integrate’ goods supply chains regionally and globally, while main-
taining lean inventories.

The third factor underlying the major changes in the freight system is the
institutional and organizational restructuring of the transport system since
the 1980s. Public policies to reform economic institutions by deregulating
and privatizing the transport sector have stimulated technical innovations
and enhanced productivity in that sector – in the process lowering costs and
improving speed and reliability. At the same time, two organizational
innovations – business logistical systems and intermodalism – provide
major sources of change in the freight sector.

Business logistical systems, aimed at minimizing total logistical costs
(transportation, warehousing and inventories, insurance, administration,
and so on), are providing customers with a number of additional valuable
services such as global time-definite delivery, lean inventories, strategic out-
sourcing of the distribution function, flexibility of destination choices, and
so on. Such services from freight transport companies add value to the
operations of their customers, thereby conferring strategic competitive
advantages on customer US firms operating in the global economy.

Intermodalism is defined as the fully coordinated door-to-door efficient
delivery of freight using two or more dissimilar modes of transport. While
it has faced complex problems in the US with its history of mode-based
development of infrastructure and public policies, three recent develop-
ments are, however, promoting intermodalism.
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Figure 3.1 Freight shipments by value and tonnage: 1977, 1993 and 1997
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First, transport logistics goals are performance-based (for example min-
imizing time and cost, improving reliability), rather than modally based.
The capacity to connect origins and destinations is vital, and individual
modes can fill niches (for example low cost or high speed) in an intermodal
framework. Consequently, improving logistical practices stimulates inter-
modalism. Second, the arrival of supporting technologies (for example
containers) enables intermodalism. Third, the rising congestion in major
US freight corridors, characterized by poor intermodal cooperation, is yet
another stimulus to intermodal development.

The objective of this chapter is to describe the origin, development and
prospects of intermodalism in the US. Section 3.2 traces the origin and evo-
lution of intermodalism in the US, describing the interplay of broader
forces of economic evolution, technological changes, institutional and
organizational developments and the specific conditions of the US trans-
port system and its adaptation. The next section outlines the recent trends
in intermodalism in the US, offering an interpretive statistical portrait of
developments. The chapter proceeds to an analysis of emerging develop-
ments in US intermodalism in the context of observed and emerging
technological, institutional and organizational factors. Next, policy and
strategic issues related to the future of intermodalism are explored,
attempting to identify the public sector’s enabling role. The final section
concludes the chapter, sketching out future prospects for intermodalism.

3.2 EVOLUTION OF INTERMODAL TRANSPORT IN
THE US

Definition and Elaboration

Intermodalism, as noted, is the fully coordinated door-to-door delivery of
freight using two or more dissimilar modes of transport. Often the term
‘seamless’ is appended to this definition. This, in our view, is premature. It
can be only a long-term goal as we are far from seamless transport. As
noted below, there are many rigidities and inefficiencies in the system – a
legacy of a freight system with a history of modal competition and mode-
oriented infrastructure and other public policies. The current issue is how
to bind the seams, that is, reduce transaction costs at transfer points. The
aim of the ongoing institutional and technological innovations in inter-
modalism is to minimize these transaction costs.

At this juncture it may be useful to differentiate between two concepts –
multimodalism and intermodalism – occasionally used interchangeably in
the literature. Multimodalism is not a new phenomenon in the US or
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elsewhere. Cargo shipment using two or more dissimilar modes has existed
for hundreds of years. From early times trade and passenger movement
across water necessitated integration of land and water modes at sea and
river ports. Railway terminals in the nineteenth century and airports or ter-
minals of pipelines in the twentieth century also involved freight movement
across multiple modes. As detailed in Table 3.1, integration of dissimi-
lar modes always occurred when transport across two or more media –
land, water and air – were involved in cargo and passenger movements.
Multimodalism prevailed in the pre-1950 era (from pre-industrial times to
1950) with an increasing number of transport modes being linked with the
use of new technologies identified in Table 3.1. In the pre-industrial era,
cargo was transferred from ships and barges to wheeled vehicles on land,
the process facilitated by the development of ports and locks. In the rail-
road period, the multimodal exchanges expanded beyond ship and road
vehicles to include the railroad.

What distinguishes the post-1950 period from the earlier pattern? We can
distinguish between the multimodal character of the pre-1950 era, the incip-
ient and early stages of intermodality of the 1950–80 period, and the more
robust intermodalism of the period after 1980. In the latter period, there is
a revolution in the manner in which freight shipment is conceptualized. Not
only are two or more modes involved, but the cargo moves in unitized form.
Intermodalism is qualitatively different from multimodalism.

Intermodalism is desirable since inefficiencies in the freight sector impact
upon the competitiveness of US firms in the transport and transport-using
sectors. Intermodalism seeks to enhance the performance of the trans-
portation system by increasing safety, reducing congestion and decreasing
delays, thereby enabling more efficient freight and passenger trips (Hickling
1995). Greater efficiency translates into lower costs and an increase in the
competitiveness of US firms in the global marketplace. The Intermodal
Surface Transportation Act (ISTEA) emphasizes the importance of inter-
modalism and challenged the transportation authorities, at the federal,
state and local levels in the US, to increase interconnectivity between
the maritime, air and land transport modes, and thereby enhances the
effectiveness of the total network.

It is widely recognized in the US, in both industry and policy circles, that
cooperation between transport modes has the potential to reduce conges-
tion, especially in major freight corridors. While congestion problems result
from a variety of factors, the concentration of production and trade in a rela-
tively small number of metropolitan gateway cities, the increased dominance
of a few ports, and the intermodal competition for the same freight, adds to
the congestion. The traditional attitude toward infrastructure investment,
namely building one’s way out of congestion, has not been helpful since
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Table 3.1 History of intermodalism in the United States

Period Point of Modes Technological Institutional
interchange developments issues

Up to Water–land Ship and barges Locks and port –
mid- with wheeled improvement
1800s vehicles

1847– Water–land Ship–rail–road Early types of Cooperation
1920s containers for between modes

LCL service at terminals
Ship to rail at
port. Rail to
truck at
rail–road
terminals

1920s– Water–land Ship–rail–road. Heavy lift Sea Train Lines
1950s Land–land Railroad–road cranes Inc.

Air–land Air–road Elevator Cooperation
carriages for between ship,
railway. Rail rail and truck
tracks on Air cargo
multiple decks operations
of ships
Fastening and
clamps

1950– Air–land Air–truck Containerization Regulatory
80 Water–land Container ships– of ocean cargo. barrier

Land–land railways. Trucks, Port removal. Rail
trains, rail flatcar infrastructure and road

including modal
gantry cranes competition
Trailers on Land bridge
flatcars and system with
chassis on micro and mini
flatcars. Roll-on/ bridges. Piggy-
roll-off. Terminal back plans for
infrastructure rail–road

After Air–land Double-stack Dedicated
1980 Water–land trains. Road intermodal

Land–land railer technology trains
Communications Container 
technologies pools of North
ITS American
GPS



increased road capacity induces more traffic. Moreover, technological and
institutional advances in a variety of related sectors have made intermodal
cooperation more feasible since the 1980s. Thus the policy focus is shifting
towards addressing the unbalanced distribution of freight shipment across
modes.

Until recently, the competitiveness between different freight transport
modes for the same shipments gave rise to independent infrastructure deci-
sions taken in the optimal interest of different modes. As these infrastruc-
ture decisions have given rise to facilities and terminals locked into specific
locations, adapting them to intermodalism requires not only major invest-
ments but also changes in attitudes and behaviour of modal actors.
Basically, intermodalism requires refocusing the attention of the transport
system on maximizing efficient goods movement and the quality of trans-
port services across the total supply chain rather than on maximizing the
efficiency of each individual mode.

Transport integration across modes faces additional complex problems
rising from institutional and regulatory choices made at several levels of the
government, that is, federal, state and local. These choices, legacies of the
past, currently impact upon the costs and the quality of service of freight
movement, aspects particularly important during the current phase of
increasing globalization. A more complete definition of intermodalism
needs to incorporate the physical, institutional and informational elements
that facilitate cargo shipments in a ‘seamless’ manner across different
modes. Thus, intermodalism can be more accurately defined as movement
of cargo across a transportation network in which the physical, institu-
tional and information infrastructures are integrated to reduce transaction
costs and maximize operational efficiencies. Since seamless transport
across modes is a major objective, this chapter discusses some of the obsta-
cles to and many of the advances made towards furthering intermodalism
in freight transport in the US.
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Forces Propelling Intermodalism

The major factor underlying the increasing demand for intermodalism is
the globalization of the American economy. North America, Europe and
other countries have built on the Bretton Woods system, the General
Agreement on Tariffs and Trade (GATT) and the World Trade
Organization (WTO) to create a global free trade regime, including regional
Preferential Trading Areas such as the North American Free Trade
Agreement (NAFTA), the EU and Mercosur. The industrialized countries,
driven by the pressure to reduce overall factor costs in the competitive
global economy, are using these open trading regimes to erect a globally
distributed production system. There is increasing division of labour in the
production processes as component activities are further disaggregated and
spatially reallocated. This partition of the production process – the slicing
of the ‘production value chain’ – across national borders leads to different
stages of production being carried out across several countries. Raw mate-
rials and components may come from two different countries, with assem-
bly in a third, and marketing from yet another country, in response to
market signals from around the world. Since parts and components are
‘sourced’ internationally, they need to be transported cheaply, speedily and
reliably at specific times required in the production process. The resulting
supply chain – defined as a set of three or more organizations directly
linked by one or more of the upstream and downstream flows of products,
services, finances and information from a source to a customer – needs to
be managed (DeWitt and Clinger 2000). Intermodal transportation, with
the potential for integrating multiple modes, offers a flexible response to the
supply chain requirements in the global production and distribution
system. Integrating modes requires a systems approach and a high level of
knowledge and competence in information, equipment and infrastructure,
which together coordinate transport and supply chains.

Technological innovations in transport and information sectors in recent
decades have made possible intermodal transportation and supply chains.
These enabling and space-shrinking transport and information technologies
(IT) are fundamentally transforming space–time relationships worldwide.
Specifically, containerization has enabled interchange of goods between
modes in a timely, cost-effective manner. US shipbuilding innovations in
advanced containerships and roll-on/roll-off vessels, and companion inven-
tions like double-stack trains, have revolutionized intermodal transport. The
performance of transport vehicles and infrastructure is greatly increased by
developments in the complementary IT. Information technologies, which
represent a confluence of computer and communication technologies, are
improving the responsiveness and efficiency of vehicles and their operators
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and making possible numerous transport innovations – in the process trans-
forming both the technologies of transport and communications and the
technologies of products and processes. Containers and cargoes are contin-
ually ‘visible’ in transit to shippers and carriers, as the use of intelligent trans-
portation systems (ITS) and global positioning systems (GPS) increases.

Institutional and organizational reform in the transport sector has been
the third force propelling intermodalism in the US. The deregulation of the
US transport sector since 1978–80 has not only improved the performance
of the various modes, but has also stimulated intermodalism. First, major
changes occurred in the US in the conduct, performance and structure of
airlines, trucking and railroads after deregulation: more competition
among all modal carriers, lower prices, a wider set of service offerings, and
new entry into most geographic and product markets. Carriers have been
able to rationalize their networks, improve the efficiency of their opera-
tions, and set rates in line with competitive market conditions. There was a
significant change in the cost structure of the railroad industry following
deregulation, with productivity growing at well over 2 per cent a year
(Bereskin 1996). Figure 3.2 shows the distinct progress of productivity in
the various modes following deregulation.

The logistics system was a ‘push’ system in the pre-1980 era, when
manufacturing, retailing and distribution were organized to support mass
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Source: US DOT (2000).

Figure 3.2 Productivity trends for transportation industries: 1955–97
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production, warehousing and retailing. Centralized design, production,
marketing and long production lines to achieve scale economies were the
rule. Large costly inventories were kept to buffer against supply–demand
variations. Transportation moved goods from supplier to manufacturer, to
distributor, to retailer – each link managed and priced independently.

Today, it is increasingly a ‘pull’ logistical system, made possible by IT.
Here customer demand is tracked daily or more often by suppliers, manu-
facturers, retailers and distributors. Orders and sales patterns pull goods
through the supply chain. Production follows the order, leading to just-in-
time (JIT) manufacturing and retail systems. The risk of over- or under-
shooting market needs, through large inventories, is reduced since the
‘pull’ system adjusts production and delivery to consumers’ time trajec-
tory of needs. The consequence of the ‘pull’ system is a restructuring of
the freight transport sector. Taking advantage of the new IT capabilities
of measuring, monitoring, communicating and controlling the supply
chain, goods producers and retailers provide smaller, more frequent
and longer-distance transport services in order to secure lower costs of
labour and supplies. This approach requires the provision of integrated
and intermodal transportation services which are timely, reliable, cost-
effective and can be tracked from origin to destination. Hence the spurt
in intermodalism.

3.3 PATTERNS OF INTERMODALISM IN THE US

Statistical Highlights of the US Freight Sector

The US freight services sector has witnessed significant quantitative and
qualitative changes in recent decades. Between 1965 and 1998 total tonnage
moved in the US rose from 4.54 billion tons to 6.21 billion tons (an increase
of 37 per cent), while ton-miles rose more sharply from 1854 billion ton-
miles to 3710 billion ton-miles (an increase of 100 per cent). As noted
below, these aggregate changes reflect the interacting effects in this period
of several broad economic processes, that is, increasing spatial integration
and robust growth of the American economy, increasing shift to less
material-intensive service sectors, and a variety of technological and orga-
nizational changes in the economy. The qualitative change since the 1980s,
as noted above, is in the scope of the freight services being offered to
transport-using firms in the form of greater speed and reliability, time-
definite global delivery of goods and flexibility in destinations.

Since the 1960s, freight and passenger mobility has increased with the
growth of the Gross Domestic Product (GDP). Passenger miles have grown
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more rapidly, relative to freight, in the 1960–90 period, with an income elas-
ticity over the entire period of close to 1 (0.94). Ton-miles of freight exhibit
a slower relative growth with an income elasticity of 0.50. In the decades of
the 1960s and 1970s, however, freight traffic growth kept pace with GDP
growth, but has subsequently slackened (Figure 3.3).

In about the same period (1970–95), the growth in tonnage and ton-miles
varied, however, by mode (Figure 3.4). Intercity trucking ton-miles grew by
124 per cent, while air freight ton-miles grew by 468 per cent.

The measure of freight intensity, relating freight levels to GDP, tell the
same story more sharply. Tons per US dollar 1000 GDP (1992 prices)
declined between 1965 and 1998 by 54 per cent from 1.58 to 0.73 tons. Ton-
miles per US dollar GDP dropped between 1960 and 1998 by 36 per cent
from 0.69 miles to 0.44 miles (Figure 3.5). Clearly, the economy shows a
consistent trend towards lower intensity of freight use.

The measures of freight intensity (Figure 3.5) reflect the recent transfor-
mation of the US economy, with less and less of the GDP deriving from
goods production. The oft-noted increasing shift in the US to a service
economy over this period signifies a reduced resource and energy intensity
and the consequent lower intensity of goods generation for movement. At
the same time in this period, transport technology changes such as the
introduction of containers, the Interstate System and jet aircraft continued
to lower transport costs sharply. The common measure of shipping costs
(the ratio of cost, insurance, freight, c.i.f. trade value – measured as cost to
the importing country – to free on board, f.o.b. trade value – measured as
it leaves the exporting country) declined from 9.5 per cent in 1950 to about
6 per cent in 1990 (Frankel 2000).

In the American economy, where the transition to knowledge-intensive
sectors is advanced, the characterization of the freight sector in terms of
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Source: National Transportation Statistics (2000), BTS, USDOT.

Figure 3.3 Growth of the economy and passenger and freight transport
development, 1960–98
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tons and ton-miles is inadequate and somewhat misleading in view of the
changes in the value and weight composition of goods. The Commodity
Flow Surveys conducted by the US Department of Transportation (DOT)
Bureau of Transportation Statistics (BTS) in 1993 and 1997 provide a rare
measurement of freight by value (in addition to tons and ton-miles), and a
richer view of some of the recent changes in the freight services industry
(Lakshmanan and Anderson 2001).
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Figure 3.4 Growth of freight traffic by modes, 1970–95
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Table 3.2 displays the freight moved measured in value terms in 1993 and
1997. The value of freight moved in the US in this period grew three times
as fast as GDP. The value of freight to be moved for a dollar of GDP rose
between 1993 and 1997 by 6 cents or 6.6 per cent. High value-added sectors
increasingly contributed to freight movements and the growth in size of the
economy.

Intermodal Freight Patterns

During this period of robust freight sector growth in the US, technological
advances and organizational innovations led the move towards intermodal
freight shipments. The intermodal container, which was first introduced in
the US in 1956 for domestic ocean–truck services, has become a common
denominator across modes, revolutionizing freight movement and ushering
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Source: National Transportation Statistics, BTS, USDOT.

Figure 3.5 US freight intensity 1960–98
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Table 3.2 US freight by value, 1993, 1997

Indicator 1993 1997 % increase, 1993–97

GDP (billions) chained 7054 7270 3.0
1992 dollars

Freight (value) 6335 6944 9.6
Freight (value) / GDP 0.90 0.96 6.6

Source:
BTS Commodity Flow Survey, 1993–97.
Special Tabulations by Felix Amma-Tagoe, (2001).



in intermodalism. As the efficiency of containerized transport became
evident, ports, railroads and motor carriers invested in container facilities.
Associated developments, such as double-stack trains in the railroad and
port sectors as well as the explosion of container traffic worldwide have
stimulated intermodal transportation.

Table 3.3 highlights the modal composition of freight movements in the
US in 1997 as gleaned from the Commodity Flow Survey of the US Bureau
of Transportation Statistics. Trucks, accounting for 72 per cent of freight
by value (69.4 per cent of tonnage, and 37.6 per cent of ton-miles), are the
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Table 3.3 Estimate of total commercial freight activity in the United
States by mode of transportation, 1997

Mode of transportation Value Tons Ton-miles
($ billions) 1997 (millions) (billions)

Overall total (CFS plus 8 556 14 800 3 951
out-of-scope estimates)

Commodity Flow Survey data
Mode
Truck 4 982 7 701 1 024
Rail 320 1 550 1 023
Water 76 563 262
Air (includes truck and air) 229 4 6
Pipeline1 113 618 169
Intermodal
Parcel, US Postal Service or 856 24 18

courier
Truck and rail 76 54 56
Truck and water 8 33 35
Rail and water 2 79 78
Other multiple modes 4 26 19
Other and unknown modes 279 437 73
CFS subtotal, all modes 6 944 11 090 2 761

Notes:
These out-of-scope estimates were calculated by the Oak Ridge National Laboratory. The
Bureau of Transportation Statistics, Commodity Flow Survey, US Department of
Transportation, Washington, DC, May 2000.
1 The pipeline ton-miles shown here are not a Commodity Flow Survey (CFS) estimate.

CFS data for pipelines exclude most shipments of crude oil. The ton-miles were
estimated based on Association of Oil Pipelines data.

Source: US Department of Transportation, Bureau of Transportation Statistics, based on
1997 Commodity Flow Survey data plus additional estimates from the Oak Ridge National
Laboratory.



dominant mode. Growth in high-value trade in general, the growth of high-
value trade with the US’s NAFTA partners – Canada and Mexico – and
the growing global market for time-sensitive, high-value goods account for
this. Domestically, trucks carry domestically more freight than railroads
when measured in value terms. While railroads account for about the same
ton-miles, their share of value is under 6 per cent, and of tons 14 per cent.
Railroads move low-value goods (coal, grain, and so on) over long dis-
tances (Lakshmanan 1998).

Intermodal transport – represented by parcel post, truck and rail, truck
and water, rail and water, and other multiple modes not including truck and
air – accounts for 13.62 per cent of total freight value and 7.4 per cent of
total ton-miles. This share is higher than that of pipelines. However, in terms
of tonnage moved, intermodal transport is very small, accounting for 0.02
per cent of total tonnage. Higher-value goods are transported longer dis-
tances intermodally. Within the intermodal category, parcel, postal or
courier service clearly had the highest value in 1993 ($29 816/ton) while
other intermodes, such as truck and rail had higher value per ton than uni-
modal transport – $690 for truck, $160 for rail, $134 for pipeline, $118 for
water (Figure 3.6).
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Source: Bureau of Transportation Statistics (BTS) (1996). US Department of
Transportation, p. 16.

Figure 3.6 Value, tons and ton-miles of freight shipments by mode, 1993
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Note: JIT: just-in-time, DST: double-stack trains

Figure 3.7 Forms of freight intermodalism by commodities
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In Figure 3.7 the forms of intermodalism by type of commodities are
shown. There are cooperative relations between some modes, for example
air–truck, rail–truck and ship–truck. Rail and truck cooperate with trailer
on flatcar (TOFC) and chassis on flatcar (COFC) for long-distance hauls.
Air–truck partnerships handle high-value shipments of express goods as
noted above. On the other hand, several modes have virtually no interac-
tion – some due to their inherent competitiveness such as air–rail or
pipelines–rail, others due to lack of common infrastructure interfaces at
terminals.

Intermodalism promotes greater efficiency through cost reductions and
improved service quality as each mode has different cost or service advan-
tages. Modes vary in their average haul distances due to these differential
cost–benefit advantages. For instance, trucks provide door-to-door delivery
and are most efficient for shorter hauls. Rail and water have the advantage
of low–cost line haulage, in contrast to private trucks which operate at local
levels. The US has the largest active rail network in the world, amounting to
more than 128 000 miles. In terms of ton-miles railways still dominate the
movement of heavier bulk commodities. Railways have the longest average
haul distance among the land modes. Air and air–truck have advantages of
speed and are valuable for express packages and just-in-time delivery as
shown in Figure 3.7, which indicates the complementarities between the
modes. Intermodal cooperation occurs more commonly for longer hauls of
freight as it permits a combination of the cost savings advantage provided
by each mode. Even though rail intermodalism has been doubling since
1990 the base is still relatively small (Muller 1999). The total intermodal
shipments including rail–water, truck–water, rail–truck and truck–air are
still minor and account for less than one-fifth of the volume of freight
moved by rail alone.

3.5 TECHNICAL AND INSTITUTIONAL
DEVELOPMENTS

Institutional and Organizational Factors

Intermodalism is economically viable only through reduction of transac-
tion costs at points of connectivity. Interconnectivity along a transport
network requires improvement of the links and nodes. The nodes – the air
and ocean ports, railway and truck terminals – pose the greatest challenges
as interconnectivity occurs at these locations. Prior legacy has left physical
infrastructures lacking spatial connectivity between terminals of the
various modes, and lack of sufficient space to retrofit the urban form to
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accommodate to intermodalism. For instance, container ports require vast
spaces for assembling and moving thousands of containers. Often these
ports are located proximately to congested metropolitan areas that impede
the flow of trains and trucks at the gateways. Some of these problems are
being addressed through infrastructure investments, others involve adop-
tion of technological innovations in information and cargo handling.
Institutional changes such as greater cooperation between public and
private sectors and evolution of new forms of business enterprises such as
third- and fourth-party logistics firms are also working to relieve conges-
tion and increase interconnectivity between modes.

As noted earlier, except for parcel, package and courier service, inter-
modalism is still in its early stages of development. Intermodalism implies
freight transfers between modes and intermodalism will not be adopted if
these transfers involve high human, time and monetary costs. In this section
we discuss selected facilitative technologies and institutional factors that
are reducing these transaction costs.

The ability to move cargo smoothly at the water–land and air–land
boundaries is a necessary precondition for successful adoption of inter-
modal delivery schedules. A number of new enterprises have been created
to facilitate goods movement and transfer and thereby reduce transaction
costs at these boundaries. These enterprises have developed two classes of
adaptive responses. First, the total task has been segmented by specialized
firms whose personnel perform selected functions and through their exper-
tise and contacts are important in saving time and improving connectivity
and system reliability. Second, these enterprises utilize Internet and com-
munications technologies in the creation of associations and cooperative
ventures between firms with a common interest.

The following types of firms are important for outsourcing and inter-
modal coordination:

● Freight forwarders are responsible for the transportation of goods
from origin to destination including the assumption of liability for
loss or damage of cargo. They contract with motor, rail, water carri-
ers and shippers for procuring freight to consolidate intermodal ship-
ments and also provide intermodal bills of lading.

● Container leasing companies allow carriers to lease containers, and
slightly less than 50 per cent of the world’s land–ocean container fleet
is owned by them. In 1997, ten of the largest leasing companies owned
90 per cent of the world’s leased containers and 80 per cent of all
leased TEUs (twenty-foot equivalent units) are owned by American
companies. These firms provide flexibility to carriers in times of high
demand. Containers are a multi-million dollar fixed investment, where
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usage is subject to business and trade cycle fluctuations. Consequently,
ownership of containers is highly concentrated – two US companies,
Transamerica Leasing and Genstar Container Corporation, control
45 per cent of the worldwide rental fleet of TEUs due to their world-
wide facilities and container availability, which allows them to capture
scale economies.

● Consolidators take LTL (less-than-truckload) loads and consolidate
them into trailer or boxcar loads. Also they break down truckload
shipments and distribute them to warehouses by geographic area or
location of hub. The consolidators could be truckers, warehouse
operators or customs brokers.

● Customs brokers are important for JIT shipments. As authorized
agents of shippers for dealing with the US Customs they currently
handle 90 per cent of all goods entering the US. They are important
for time savings by providing highly specialized expertise in docu-
mentation of cargo entry, bills of lading, entry manifests, making
invoices and paying customs duty which they later recover from the
importer.

● Logistical firms: third- and fourth-party logistical firms specialize in
the provision of logistical services on contract, having been spurred
by the changing relationship between shippers, carriers and interme-
diaries following transport deregulation. These firms provide for-hire
services to client firms which need to outsource functions such as
inventory and order management, selection of carriers and ware-
houses, negotiation of transport rates and management of logistical
information services. Currently, 50 per cent of Fortune 500 com-
panies have contracts with third-party firms with business amount-
ing to $46 million in 1999 (Bradley, Gooley and Cooke 2000).
Physical and human capital asset considerations such as adequate
fleet size and composition, and in-house availability of personnel
skilled in a rapidly changing environment of logistical innovations,
are fueling the rapid growth of logistical firms.

Technological Factors

Intermodalism had its start in technological improvements such as con-
tainerization. However, the rapid growth of container transportation was
made feasible by related technological improvements through the rational-
ization of cargo-handling equipment. For instance, gantry cranes discharge
containers between the ship and pier at an average of 30 containers per
hour and double-handling equipment on a single gantry can increase the
rate to 40 containers per hour. Such rapid offloading of containers requires
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technological developments in ground container moving and stacking
equipment such as corn stackers. These types of equipment permit better
utilization of space in container terminals and more rapid interface during
load transfers between modes. On-dock railways with roll-on and roll-off
transfers on flatcars allow speedier transfers between sea, rail and road.
Intermodalism also requires standardization of containers compatible
with two or more modes. For instance air–truck intermodalism requires
smaller-sized containers and can be contrasted with larger containers for
ocean–rail–truck. These are only a few of the numerous innovations in
physical technologies which have facilitated intermodalism (Hagler Bailly
1999).

Information technologies provide a different function and have been crit-
ical for intermodalism as efficient and timely transport of freight across a
variety of modes requires a plethora of information on the type, size, com-
position, origin, destination and the location during transit of these con-
tainers. Innovations such as automated electronic identification (AEI) and
GPS have been crucial for intermodalism. To provide greater accuracy, the
US DOT is implementing the DGPS (differential GPS) to increase accu-
racy in predictability, to provide finer area coverage (US DOT 2000).
Automatic vehicle location (AVL) technologies are used for tracking
mobile assets such as vessels, vehicles, containers and so on.

A wide variety of innovations are grouped under the rubric of intelligent
transportation systems (ITS). Intermodalism would not have been possible
without these advances in information processing and communications
technologies. ITS has increased system capacity, permitted better coordin-
ation between modes, reduced transit times and increased overall produc-
tivity of the network (Proper 2003). For instance, intelligent grade crossings
reduce accidents at modal interfaces, that is, road and rail. The US DOT
has played a key role in the development of a national ITS architecture and
standard definition.

The interaction between the physical and information technologies has
fuelled the institutional and organizational development discussed above.
These organization innovations can monitor the freight movement, adjust
and control the timing of shipments, and so on. Moreover, the recent explo-
sion of IT and data management software for the transport sector allows
the acquisition of capability at lower and lower costs.

3.6 PUBLIC POLICY ISSUES

There is an important role for the public sector in facilitating inter-
modalism. The type and nature of the public role in intermodalism
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derives from the fact that intermodalism is a quasi-public good that in
some aspects reflects market failure. Even though there are system-wide
external benefits from investments in intermodalism, there will be an
underprovision due to market failure, leading to congestion along major
corridors, and at terminals such as airports and seaports. In addition to
the standard public-good attributes of transportation infrastructure such
as non-excludability and pervasive externalities, additional problems arise
from the fact that each mode views itself as a private good. The legacy of
modal competition in the overall transportation system and transporta-
tion network reflects this attitude as each mode made investment and
management decisions to maximize its individual private interests. As
noted earlier, landside congestion of containers or truck queues at access
gateways arose because the port authorities were interested in unloading
and offloading containers to maximize turnaround times for ships, that is,
servicing their major client. Indeed, the efficiency of a port is still mea-
sured by the standard indicator of ‘idle’ time spent by a freighter at the
port, instead of measuring throughput such as time spent by containers
at ports. The latter is an intermodal indicator in contrast to the former
which is a modal indicator. Each mode in optimizing its own welfare in
terms of service provision as a private good can only lead to suboptimal
transportation conditions in the country, as noted by the US government
in its legislative mandate. Hence, here is the attribution of an important
role for the public sector.

It is important to recognize that the roots of intermodal cooperation lie in
private sector activities, starting with the container revolution. The lag has
occurred in the requisite infrastructure provision. The federal government
has recognized the importance of fostering and speeding up the market-
driven forces for intermodalism, as the poor coordination between modes
posed serious constraints to national productivity (Krebs 1994). As early as
1988, the Subcouncil on Public Infrastructure drew attention to the impor-
tance of intermodalism for increasing national competitiveness; concerns
that are reflected in the ISTEA (1991) and TEA 21 (1998) legislations. The
ISTEA created the Office of Intermodalism, which was a valuable first step
in recognition of the important role of the public sector. The ISTEA also set
standards for a National Intermodal Transportation System and priori-
tized the need for a more integrated system (National Research Council
1993). However, much more needs to be accomplished by the public sector
to improve the efficiency and effectiveness of the total transport system in
the US (Gwilliam 1998). We briefly highlight some classes of enabling
interventions.

What is the role of public policy if we recognize the public-good char-
acter of intermodalism? That role includes: (1) coordination, planning,
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location and design of intermodal facilities; (2) infrastructure provision
through direct investment in grants and loans, and indirectly through loan
guarantees and insurance mechanisms; (3) improving safety and security
issues through regulation and enforcement; and (4) facilitating informa-
tion flows. We have discussed these aspects in the body of the chapter. Here
we discuss only the logic for these types of interventions.

The public role in planning and design guidance is necessary due to the
fundamental lack of coordination between the numerous agents supplying
and using the transport infrastructure at points of modal contact. For
example, any change in the existing situation implies differential costs and
benefits to the various modal users, and rearrangement of positive and neg-
ative externalities. The public sector can shape the physical environment
through analysis provided by planning agencies and consultants, provide
incentives and enforce regulations. In addition, the public sector can use the
powers of eminent domain (compulsory purchase or expropriation) to
secure land for terminals on both brownfield and greenfield sites. In cases
of heavily built-up land, as around Long Beach, the government can
provide planning alternatives such as the Alameda Corridor. The ISTEA
and TEA 21 have resulted in greater attention being paid to efficient move-
ment of goods to and from aircraft in truck and aircraft operations.
As several state transportation agencies such as the Oregon Department
of Transportation (ODOT) and the Massachusetts Department of
Transportation have demonstrated, the public sector can play an important
role in providing the framework for discussion, brokering interactions
among various stakeholders toward a common goal, and analysing and
planning the spatial organization in a regional context. This role is critical
as there are relatively few locations where most of the bottlenecks and con-
gestion occurs – predominantly around metropolitan areas with imper-
fectly articulated networks of associations that include public, private and
civil society sectors.

The public sector needs to channel economic resources in order to
support the need for massive demand for finance and to overcome the
potential of underinvestment. This role is a direct extension of the logic for
public expenditure decisions in funding construction through tax revenues,
raising capital through bonds or underwriting private investment through
risk insurance. The expenditure of funds can minimize or mitigate the stasis
and resistance to change found in intermodal decision making. The US
DOT (1998, p. 62) notes that expanded public–private partnerships will be
required to fund costly projects. The total cost for the Alameda Corridor is
projected to be $100 million per mile.

Safety and security of cargo at terminals becomes an increasing problem
with the relaxation of the regulatory and enforcement role of the public
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sector. Indeed cargo crime at intermodal points of transfer has become a
major activity of organized crime. Theft of containers has become rela-
tively easy due to their mobility, and yet a single container of a high-value
good can be valued at millions of dollars. Enforcement is an important role
for the government. In addition there are environmental and traffic safety
issues. There is an important role for the public sector in incorporating
safety enhancement standards into the physical design of intermodal ter-
minals, along with technology to monitor theft with a greater focus on pre-
vention rather than after-the-fact mitigation.

Much of the information technology which brings about data connec-
tivity and operational cohesion in the transportation industry has been
fostered by the transportation companies. Each mode has invested
significantly in electronic communication. However, intermodalism
involves the interchange of information across the industry actors
and there are serious problems arising from poor communication inter-
faces between and within modes. There are numerous vendors producing
customized software and there is a public role in standardizing and
making uniform standards for intermodal shipments of cargo. The
Transportation Data Coordinating Committee (TDCC) began to address
the standardization and coordination needs as early as 1968. Electronic
Data Interchange (EDI) standards were developed by the American
National Standards Institute (ANSI) in 1983 for the electronic exchange
of data between and within a large variety of organizations such as public
sector agencies, firms and port authorities. However, there are different
standards that are not compatible in software. Cumbersome translation
software is routinely used, which becomes a problem for intermodalism
(Norris and Haines 1996). For example, Muller (1999, p. 285) notes that
only a fraction of the 2000 licensed forwarders in ocean shipping have
adopted information and process standardized procedures. The majority
use customized software which is a handicap to intermodal interactions
even as it increases firm and modal efficiencies. The public sector has an
important role to play in developing and sponsoring the use of protocols
such as the Montreal Protocol for handling waybills. There is an increased
need for integrating information technology with infrastructure and the
development of multinational standards and requirements (US DOT
1998). The Intermodal Association of North America (IANA) provides
a forum for such discussions.

Since the 1980s, transportation has moved from a highly regulated
industry to a situation where competitive market forces are guiding
the development of the industry. While this has increased modal
efficiencies through a diversity of technological applications, the prolifer-
ation of alternatives poses constraints for intermodalism. It is in the areas
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of coordination, guidance and ensuring safety, that is, where externalities
are most prevalent, that there is a critical role for the public sector.
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4. Intermodal freight transport in
urban areas in Japan
Eiichi Taniguchi and Toshinori Nemoto

4.1 INTRODUCTION

Intermodal transport indicates the use of at least two different modes of
transport in an integrated manner in a door-to-door transport chain
(OECD 2002). Intermodal transport is similar to multimodal transport but
puts more emphasis on connectivity of different transport modes.

For domestic freight transport in Japan, intermodal transport has often
been discussed in relation to the use of railways and roads as well as coastal
shipping and roads. Using aeroplanes for freight transport is not a domi-
nant phenomenon in Japan. Table 4.1 shows the modal split in terms of
ton-kilometre for Japanese domestic freight transport. Roads and coastal
shipping were major freight transport modes in the 1980s and 1990s.
Railways used to be dominant for inland freight transport in the 1950s and
1960s and declined to only 4 per cent in 1999. The main reason for the
decline of the railways is that the road network including motorways has
been dramatically improved and trucking companies have provided faster
and better services with lower costs than railways. Specifically, trucks are
used for urban pickup and delivery of goods.

Intermodal transport using railways and coastal shipping for intercity
goods movement is normally connected with urban distribution using
pickup and delivery trucks. Therefore, ‘road and rail’ or ‘road and ship’ are
of major concern in intermodal transport in Japan. As production and con-
sumption points – the starting and arrival points of freight transport – are
mainly located in urban areas, the supply chain of goods in general includes
urban collection and distribution. Along with the trend that economic
activities have been carried out in broader areas and internationally, there
has been an increasing need for efficient intermodal freight transport using
railways and coastal shipping for intercity goods movement combined with
urban collection and distribution by pickup and delivery trucks.

Taniguchi et al. (2001) and Taniguchi and Thompson (2002) proposed
innovative solutions for city logistics for efficient and environmentally
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friendly urban freight transport systems. They include cooperative freight
transport systems, application of advanced information systems, and
Intelligent Transport Systems (ITS)-based vehicle routing and scheduling
planning. These measures can enhance intermodal freight transport
systems by improving access to intermodal freight terminals by trucks in
urban areas (see also OECD 2003).

For international freight transport in Japan the intermodal freight trans-
port systems are very important in terms of the connectivity at seaports of
maritime transport and road transport using containers. The seamless and
efficient intermodal freight transport systems often allow international
maritime containers of 40 ft to be carried directly to their destination in the
hinterlands of seaports. In most cases large trailers transport these mar-
itime containers on the roads in urban areas and they sometimes generate
negative impacts on the environment as well as crashes. Therefore, good
management schemes of maritime container transport in urban areas are
required including recommended truck routes and the banning of large
trucks in residential areas.

4.2 CHARACTERISTICS OF INTERMODAL
FREIGHT TRANSPORT

Railways and coastal shipping can provide environment-friendly freight
transport systems with lower costs compared with trucks under some
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Table 4.1 Modal share of domestic freight transport in ton-kilometre in
Japan (in %), 1950–99

Year Road Coastal shipping Railway Air

1950 8.4 39.4 52.3 0.0
1955 11.7 35.5 52.9 0.0
1960 14.9 45.8 39.2 0.0
1965 26.0 43.3 30.7 0.0
1970 38.9 43.1 18.1 0.0
1975 36.0 50.9 13.1 0.0
1980 40.7 50.6 8.6 0.1
1985 47.4 47.4 5.1 0.1
1990 50.1 44.7 5.0 0.1
1995 52.7 42.6 4.5 0.2
1999 54.8 41.0 4.0 0.2

Source: Ministry of Transport, Transport Policy Bureau, Information and Research
Department (1998).



conditions. Specifically, for long-distance freight transport, for example
over 500 km, railways and coastal shipping can be successful in provid-
ing faster service at lower costs. Emissions of CO2 by railways are
much lower than emissions by trucks. For example, Japan Railway
Freight Company estimated that CO2 emissions for transporting goods
of 100 tons for 1000 km by truck amount to 35 tons. In contrast, CO2
emissions for transporting the same amount of goods by railways (980
km) plus trucks (20 km) amount to 2.66 tons, which is only 7.6 per cent
of trucks.

Intermodal freight transport by ‘road and rail’ or ‘road and ship’ has
great potential to decrease the negative environmental impact in terms of
CO2 and other hazardous gas emissions. However, intermodal freight
transport inevitably requires mode changes at connecting points or inter-
modal terminals. It requires huge investment for constructing and main-
taining intermodal terminals, and transshipment at intermodal terminals
involves time and costs. The functions and efficiency of these terminals are
crucial for successful operations of intermodal freight transport.

Figure 4.1 shows an example of costs for intermodal freight transport by
road and rail. The cost for railways per ton-kilometre is generally lower
than that for roads. Therefore, the inclination of the line representing rail-
ways between intermodal terminals in Figure 4.1 is smaller than that for
roads only. But at intermodal freight terminals, loading and unloading
costs will be incurred. As a result, the total cost for intermodal freight
transport will be higher than the cost for road-only transport over shorter
distances than the critical distance, dc in Figure 4.1. For transport over
longer distances than the critical distance, dc, intermodal freight transport
will be preferable in terms of costs. If new technology for transshipment of
goods allows loading and unloading costs at intermodal freight terminals
to be reduced, the critical distance, dc, will become shorter to ensure inter-
modal freight transport is more widely acceptable. The critical distance is
defined as the distance where the costs for the road-only freight transport
and those for intermodal (road and rail) freight transport including termi-
nal costs are the same.

We assume that cost per distance for roads only, and the road part of
intermodal transport, is the same. This assumption may not be realistic. In
reality cost per distance for pre- and end-delivery by road for intermodal
transport is higher than that for road-only transport, since the transport
distance is shorter for pre- and end-delivery by road for intermodal trans-
port. However, in that case, the explanation in the previous section still
holds, if the distance of rail transport is long enough and total cost for
intermodal transport is lower than that for road-only transport in the long-
distance transport region.
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4.3 EXAMPLES OF INTERMODAL FREIGHT
TRANSPORT

Transporting Waste Materials by Railways

Kawasaki City, located south-west of Tokyo, initiated the transportation of
waste materials using railways in 1995. There was a need to transport waste
materials, which are generated in the northern part of the city with its
increasing population, to the Ukishima waste-disposal centre at the south-
ern coastal area of the city, which has a larger capacity to process waste
(900 tons/day). Fortunately there existed a railway line connecting the
northern and southern areas of the city and a freight railway station was
located near the Ukishima waste-disposal centre. Kawasaki City planned
the intermodal freight transport of waste materials using rail, although the
distance between the railway stations was only 23 km. Trucks are used for
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Figure 4.1 Costs for intermodal freight transport
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collecting waste material from many generation points to the starting
railway station and delivering waste material from the ending railway
station to the waste-disposal centre. This system carries general house
garbage, large house garbage, incinerated ash, cans and bottles in contain-
ers. Table 4.2 shows the amount of waste materials transported in 1999. A
specific container was developed for general house garbage, large house
garbage, incinerated ash and cans.

The incinerated ash was transported by trucks before intermodal systems
were introduced. Under the intermodal system, the number of trucks used
for carrying incinerated ash was reduced to seven from 14 with the truck-
ing system. This led to a substantial reduction in hazardous gas emissions.

Intermodal freight transport systems are competitive in general for long-
distance transport over 500 km. However, in the Kawasaki case the distance
by rail is only 23 km. The reasons for the success of this case are: (1) the
railways have a line to the ideal location for the project; (2) they could
receive subsidies for the initial investment in the system during the first year
of the project from the Ministry of Environment, because it could decrease
negative environmental impacts; (3) Japan Railway Freight Company was
eager to increase the operation rate of its freight stations.

The Kawasaki case is a successful intermodal freight transport solution
over a short distance. It may not be possible for other cities, unless the
above-mentioned good conditions are given. In particular a certain amount
of demand is required for railway transport, and concentrated disposal of
waste materials is needed.

Inland River Shipping

Inland river shipping used to be the dominant mode for freight transport
in urban areas before railways became popular in the nineteenth century in
Japan. Inland river shipping has declined with the development of railways
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Table 4.2 Amount of transported waste materials in Kawasaki City, 1999

Item Capacity of Number of Owner of
container (ton) containers per day container

General house garbage 10 19 Kawasaki City
Large house garbage 5 20 Kawasaki City
Incinerated ash 10 20 Kawasaki City
Cans 5 10 Freight carrier
Bottles 5 10 Japan Railway

Freight



and roads. At the moment just a small amount of oil, gravel and waste
materials are carried by barges and small tankers. The number of freight
vessels observed at the mouth of the Arakawa River, Tokyo, was only 56
(including 29 tankers) and that at the mouth of the Sumidagawa River,
Tokyo, was 219 (including 49 tankers) in 1997. The total fleet including
leisure and tourist boats is only 119 at the Arakawa River and 304 at the
Sumidagawa River. Therefore, the use of barges and tankers in inland rivers
in Tokyo is very limited. The situation is similar in other cities in Japan.

An example is the transport of gasoline by small tankers from Kawasaki
City, Kanagawa Prefecture to Wako City, Saitama Prefecture via the
Arakawa River. Wako City is located 31 km upstream from the mouth of
the Arakawa River. The capacity of a tanker is about 500 kilolitres. Tankers
leave the oil refinery of Kawasaki City at 3 a.m. and arrive at a quay in
Wako City at 7–8 a.m. The gasoline is carried to an inventory centre from
the quay by pipeline and then distributed by tank lorries to gas stations in
Saitama Prefecture and the northern part of Tokyo. Costs for transporting
gasoline by tankers are low enough to give a good reason for a slightly lower
price of gasoline in Saitama Prefecture.

Another example is that Tokyo Metropolitan Government is transport-
ing waste materials by barges from five waste material collection points via
the Arakawa River and its branch rivers. Two types of transport by bulk
and containers are applied.

Inland shipping has received attention in terms of alleviating road con-
gestion, reducing negative impacts on the environment and being an alter-
native mode in emergency of disaster. However, there are several issues to
be solved, as listed below:

1. Whether or not to be competitive in terms of total costs including
transshipment at quay in rivers.

2. The need to improve river space suitable for shipping by maintaining
the depth of water, the clearance under bridges, the width at lock.

3. The need to improve reliability of barge transport due to natural con-
ditions including typhoon and flood.

4. The need to improve quay and storage facilities.

Although we have these problems, from an environmental point of view it
may be preferable to transport waste materials and construction materials
by inland shipping rather than by road transport. We need to consider
inland shipping as an option for urban freight transport. Moreover, inland
shipping can be an alternative mode to road in emergencies, such as cases of
strong earthquakes. Therefore it is necessary to build loading and unload-
ing facilities along rivers for emergency cases.
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4.4 METHOD FOR THE PROMOTION OF
INTERMODAL FREIGHT TRANSPORT

The Foundation for Promoting Personal Mobility and Ecological
Transportation (1999) conducted a questionnaire survey of 3000 shippers
in Japan (receiving answers from 10.1 per cent of them) on the promotion
of intermodal freight transport using railways and coastal shipping. The
results indicated some important shortcomings regarding both modes of
intermodal freight transport:

● The travel time is longer than that for roads.
● Carrying methods and lot size are not always suitable.
● Not always appropriate railways or sea routes.
● Poor access routes to railway stations and seaports.

Improving the access route to railway stations and seaports is essential
for promoting intermodal freight transport. If we can reduce door-to-door
travel times by improving the access route to intermodal terminals, it is pos-
sible to shift more goods from trucks to intermodal systems. It is interest-
ing that not many shippers pointed out that the price is higher than for
trucks. We can recognize that travel times are more important than costs
for promoting intermodal freight transport. Therefore, if customers set
very strict time windows for trucks to arrive to collect or deliver goods, it is
very important for freight carriers to focus on reducing total travel times in
applying intermodal freight transport.

For the promotion of intermodal freight transport, it is necessary to
improve infrastructure and information systems. Regarding infrastructure,
roads, railways, seaports and airports have been planned separately and
there are not enough terminals for mode change. However, in 1997,
national government adopted major policy measures for intermodal freight
transport. For example, the ‘connectivity index’ was taken as a perform-
ance index, which measures the level of easiness of access to seaports and
airports. The connectivity index, for example, indicates the percentage in
terms of number of seaports to which a vehicle can access from the nearest
interchange of motorways within ten minutes.

Improvement of information systems is important for the promotion of
intermodal freight transport. For example, an electronic manufacturing
company in Osaka improved information systems for transporting their
products by trucks from their factory to a railway freight station. As a
result, three containers of 5 tons can be carried together, while previously
each container was carried separately. This improvement is actually due to
the cooperation of the production and transport sections of the company,
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which was achieved through the improvement of information systems
between both sections. This company enjoys a substantial reduction of
transport costs using intermodal (road and rail) systems. It carried about 7
per cent of its products by intermodal systems in 2002 and is trying to
increase the percentage up to 15 per cent.

Intermodal freight transport systems will become more important and
will often provide solutions for reducing the negative impacts of freight
transport on the environment in the near future. The reasons are that inter-
modal freight transport systems can fully utilize the existing infrastructure
of roads, railways, seaports and so on with minimum costs, and that they
can successfully apply advanced information systems to improve freight
transport systems. These innovative ideas are beneficial in solving compli-
cated freight transport problems, taking into consideration the balance
between efficiency and the environment which is required for sustainable
freight transport systems.
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5. Bundling of freight flows and
hinterland network developments
Theo Notteboom

5.1 INTRODUCTION

In the pre-container era boxes were shipped from the inland production
centre to the nearest port and shipping lines designed routes to cover all
ports within a coastal range, resulting in captive hinterlands and limited
inter-port competition. Containerization and innovations to the inland
transport systems led to a time–space convergence and made market
players reconfigure and synchronize liner service schedules and associated
hinterland networks. As a result, captive hinterlands have quickly been
replaced by intensified competition between ports, with cargo moving more
flexibly from any inland location to any suitable port that interests an ocean
carrier or shipper. Containerization and intermodality have strengthened
the symbiotic relationship between foreland and hinterland in the sense
that a true foreland–hinterland continuum has come into existence.

In a shipping industry already dominated by large vessels, mergers and
acquisitions and strategic alliances, the potential cost savings at sea still left
are getting smaller and the pressure to find cost savings elsewhere is
growing. Market players in the maritime industry have identified inland
logistics as one of the most vital areas still left to cut costs, to add value and
to increase profitability. This has triggered an upsurge in the interest for
landside segments of the transportation market. In their search for efficient
inland services, shipping lines, transport operators, port authorities and
shippers have come up with network solutions leading to new dynamics in
transport system development. The bundling of freight flows in a limited
number of transport nodes proves to be one of the main driving forces in
this development.

This chapter discusses intermodal network development with particular
reference to bundling systems. The first two sections approach the topic
from a conceptual point of view, whereas a third part seeks to apply some
of the concepts to the intermodal situation in the Hamburg–Le Havre port
system.
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5.2 BUNDLING OF FREIGHT FLOWS

The Design of a Container Liner Service

There are three key decisions for service planners to make: the service fre-
quency (including the fixed days and hours of the week for departure and
arrival), the loading capacity of the transport equipment used and the
number of stops at intermediate terminals (if any). These elements are
highly interrelated.

Before an operator can start with the actual design of a regular container
service, he has to assess the market to be served and the distribution of
service demand. The variables to consider include the number and disper-
sion of final destinations, the density of cargo flows to and from these
inland destinations and the existence of trade imbalances. The service
planner needs concise information on the cargo availability and related
volatility on the intended route as this will have a crucial impact on the pos-
sibilities with respect to unit capacities deployed, service frequency offered
and the number of intermediate stops along the route. A container service
has more chances of survival if a substantial part of the necessary cargo
volume is guaranteed by a large customer (for example a shipper or a ship-
ping line). There is no such thing as an ideal service configuration that
could be recommended for all origin–destination relations. Each situation
warrants a separate study to determine the configuration that will provide
the services best suited to market needs.

Service frequency
In deep-sea liner shipping, shippers typically demand a weekly call at each
and every port of call in the rotation. Service frequencies in hinterland
transportation largely depend on the route considered, but typically range
between one and six departures per week. The marginal utility to shippers
of an additional departure sharply declines once a daily service is offered.
Consequently, not many routes exist with shuttle services running at ten
departures per week or more. In the case of such high frequencies, oper-
ators are doing so primarily to deal with huge container volumes (for
example container exchanges and repositioning between major load centre
ports), not to please the shippers.

Loading capacity
The optimal size of the vehicle depends on cargo availability, shippers’
needs for transit time, or other service elements and choices made with
respect to the two other key variables. Container service operators have to
make a trade-off between frequency and volume on the trunk lines: smaller
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unit capacities allow meeting shippers’ demand for high frequencies and
lower transit times, while larger units allow operators to benefit from
economies of modal size. In liner shipping, the biggest vessels are deployed
on the longest routes to benefit the most from economies of scale at sea; see
for example Cullinane and Khanna (1999). The relation between vehicle
capacity and transport distance is less straightforward when dealing with
inland transport services. One of the reasons is that physical and opera-
tional restrictions in hinterland networks put an upper limit on unit capac-
ity. Typical examples are draft conditions and bridge heights along a river
system, or the maximum rail track length in an inland rail terminal (that is,
typically 600 to 750 m in Europe and 2000 to 2500 m in the US and
Canada).

The relationship between service frequency, loading capacity and annual
transport volume for regular inland services is depicted in Figure 5.1. The
cross-hatched areas referring to double-stack shuttles, rail shuttles and
inland services by barge will be explained later in this chapter.

Stops at intermediate terminals
This decision variable in liner service design relates to a choice between a
direct service between loading point and discharging point, or an indirect
service calling at one or more intermediate terminals for reasons of
bundling.
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Figure 5.1 Relation between service frequency, unit capacity and annual
transported volume (80 per cent utilization degree of shuttle)
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Basic Concepts of Bundling

Bundling is one of the key driving forces of container service network
dynamics. The bundling of cargo typically involves several layers, starting
with the consolidation of parcels onto a pallet and going up to the bundling
of a large number of containers onto a trunk line at sea or in the hinter-
land. In this chapter the focus is on the upper level of bundling activities
involving a large number of boxes grouped as one batch on a vessel, train
or barge.

Figure 5.2 depicts four types of complex bundling networks that can be
used as an alternative to direct point-to-point container services. Networks
B up to E rely on en route bundling in intermediate or transfer terminals.
In liner shipping, rail transport and inland shipping, these types are often
combined to form multilayer networks.

The advantages of complex bundling are higher load factors and/or the
use of larger transport units in terms of TEU (twenty-foot equivalent unit)
capacity and/or higher frequencies and/or more destinations served. The
main disadvantages of complex bundling networks are the need for extra
container handling at intermediate terminals (higher transit time, increased
risk of damage), longer transport distances and a higher dependency on
service quality. These elements incur additional costs which could counter-
balance the cost advantages linked to higher load factors or the use of
larger unit capacities.

Complex bundling networks strongly rely on the speed and cost-
effectiveness of the transfers at intermediate terminals. Appropriate hand-
ling equipment needs to be in place, which is financially justified only where
there is sufficient traffic. In rail, automated container transfers offer possi-
bilities as an alternative to the practice of shunting container trains.
Bontekoning (2000) illustrates that lo-lo hub terminals (load-on/load-off)
can even outperform marshalling yards when it comes to efficiency and
speed. One way to guarantee higher volumes is by providing a broader
range of services and modes and by mixing local traffic with transit traffic.
Another way is by directing cargo of different ports to one and the same
inland hub. The duplication of hub terminals, each operated by other
market players, is only feasible in places with sufficient cargo volumes.

Longer transport distances combined with time lost at intermediate ter-
minals result in longer transport time compared to direct shuttles. However,
bundling networks often go hand in hand with higher frequencies per indi-
vidual route. These higher frequencies could eventually make the bundling
option more attractive when it comes to transit times and time costs to the
cargo. Figure 5.3 underlines this statement by using two hypothetical situ-
ations: a direct shuttle service from a seaport to an inland destination (that
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is end terminal) on the basis of two departures per week (dotted lines in
Figure 5.3) and an indirect shuttle via an intermediate terminal on the basis
of six departures per week (bold lines in Figure 5.3). Total transit time for
the latter option equals about two days compared to one day for the direct
shuttle. These transit times only take account of transport time and time in
intermediate terminals. However, the dwell-time at the deep-sea terminal
(that is, time between the discharge of the deep-sea container vessel and the
departure of the inland service) needs to be integrated in the equation as
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Notes: * outbound voyage and return voyage feature the same intermediate terminals
** return shuttle calls at other terminals

Figure 5.2 Basic bundling concepts
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well. If a deep-sea liner service schedule is badly synchronized to the hin-
terland service schedule, then dwell-time – even for time-sensitive cargo –
can be rather elevated. As such, the direct shuttle option offers the shortest
delivery time only if the container arrives during the hatched time intervals.
For example, a container which is ready for inland transport on Wednesday
afternoon is better off with a direct shuttle service. For a container dis-
charged from a deep-sea vessel on Friday at dawn, the indirect shuttle
option provides the shortest transit time to the inland destination.

This example demonstrates that the competitiveness of direct shuttles
with a low frequency largely depends on the ability of the operator to coor-
dinate departure and arrival times with deep-sea operations and the normal
working hours of firms. There also exist some time constraints caused by
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Figure 5.3 Direct versus indirect inland services
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typical use of infrastructure, for example train path availability for freight
trains (which in Europe is rather low during the day because of slots dedi-
cated to passenger trains) and lock operating hours (for example the locks
on the Flemish waterway system do not operate on Sunday).

If an operator opts for a line bundling network a decision has to be taken
with respect to the number of intermediate stops. Limiting the number of
stops at intermediate terminals shortens round trip times and increases the
number of round trips per year, thereby maximizing revenue and minimiz-
ing the equipment required for that specific service. This is a combined
result of several effects: (1) lower total (inland) port time and inland port
charges on the round trip; (2) a smaller number of units needed to run a
service; and (3) a smaller total round trip length as possible diversion dis-
tances to intermediate terminals are avoided.

More intermediate stops can lead to lower pre- and end-haul costs. These
costs typically are very significant in intermodal transport. Moreover, it
might be possible to realize a higher utilization rate of the transport equip-
ment by having more calls per round trip. Hence, the vicinity of an inland
terminal could convince shippers to opt for intermodal transport.

In shipping and in barge transport, the addition of an extra intermedi-
ate terminal in a round trip might generate additional costs for more com-
plicated vessel stowage and rehandles. In rail transport the inclusion of an
additional intermediate terminal leads to more complex shunting of wagon
groups or container repositioning.

Network Design and Shippers’ Requirements

Operators typically aim for cost minimization of their intermodal network
operations. As such, transport operators are tempted to design only the
bundling networks they find convenient to offer, but at the same time they
have to provide the services their customers want in terms of frequency,
direct accessibility and connectivity. Moreover, operators have to offer
regular schedules with service characteristics that do not alter too frequently.

Shippers’ preferences are driven by the minimization of generalized costs.
These costs include all costs of freight movements, costs of loading and
unloading and transfer, handling operations at groupage points, capital
costs of the goods and depreciation during transport, costs related to
damage and inventory costs to the consignee. Shippers also show a keen
interest in the qualitative performance of the whole transport chain in terms
of reliability, availability and compatibility. Hence, inefficiencies at this level
will generate indirect logistics costs (for example production losses caused
by late deliveries). Operators have to take account of the wider logistics
perspective of the shippers.
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The tension between routing and demand is important. The network
planners may direct flows along paths that are optimal for the system, with
the lowest cost for the entire network being achieved by indirect routing via
hub terminals (ports or inland centres) and the amalgamation of flows.
However, the more efficient the network from the operator’s point of view,
the less convenient that network could be for shippers’ needs. Time, cost or
reliability concerns of the shipper could make an operator with indirect
routes less competitive, thereby opening the possibilities for other operators
to fill gaps in the market. The optimal service schedule as such is a function
not only of operator-specific operational factors, but also of shippers’
needs (for transit time and other service elements) and of shippers’ will-
ingness to pay for a better service. It is clear that the spatial development of
bundling networks largely depends on the balance of power between ship-
pers and operators.

The Impact of Human Behaviour on Network Design

Human behaviour might impede operators from achieving an optimal
network configuration. Incorrect or incomplete information results in
bounded rationality in operators’ network design, leading to suboptimal
decisions. Shippers sometimes impose bounded rational behaviour on
transport operators, for example where a shipper asks to call at a specific
port or to use a specific land transport mode. Secondly, opportunistic
behaviour of economic actors or informal commitments to individuals or
companies might lead to non-cost-minimizing behaviour. Thirdly, carriers
might stick to a specific network design as they assume that the mental
efforts (inertia) and transactions costs linked to changes in network design
will not outweigh the extra costs of the current non-optimal solution.

Behavioural aspects are surely having an influence on network design by
shipping lines and transport operators, but the exact measurement of these
impacts remains a challenge that is not tackled in this chapter.

The Spatial Concentration of Cargo in Port Systems and in the Hinterland

The feasibility of bundling systems in hinterland container traffic partly
depends on the level of cargo concentration in the port system and on the
dispersion level of maritime cargo volumes in the hinterland (Figure 5.4).

Much literature discusses the spatial development of seaport systems in
relation to maritime and hinterland networks. The model of Taaffe et al.
(1963) suggests an increasing level of port concentration as certain hinter-
land routes develop to a greater extent than others in association with the
increased importance of particular urban centres. The geographical system
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would evolve from an initial pattern of scattered, poorly connected ports
along the coastline to a main network consisting of corridors between
gateway ports and major hinterland centres. The models of Barke (1986)
and Hayuth (1981) are quite similar, though they have introduced a process
of port system deconcentration. In the meantime, some authors have intro-
duced modifications to the above models in order to reflect the uniqueness
of some port regions (see for example Wang 1998). Empirical research has
demonstrated that some port systems and port ranges are getting more spa-
tially concentrated while others are evolving to a more evenly distributed
system, see for example Kuby and Reid (1992), Notteboom (1997) and
Lago et al. (2001). Cargo concentration at the level of an entire container
port system is clearly something else than concentration of cargo at the
level of the liner networks of individual carriers, simply because not all car-
riers will choose the same load centres in their liner service networks
(Cullinane and Khanna 1999, p. 133). Shipping lines often use port equal-
ization systems to ensure that shippers are compensated for possible cost
disadvantages linked to the bundling of cargo in just a few ports of call.
The carriers will equalize charges for inland transport from points in the
hinterland to a range of designated base ports which it serves (Gilman
1997). With the severe pressure on ocean freight rates of recent years, the
limited shipping revenue of major sea carriers makes it increasingly difficult
to sustain the existing port equalization systems.
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Figure 5.4 Inland service configuration as a function of the level of cargo
concentration in port systems and in the hinterland
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Experts generally agree on the fact that a certain level of traffic concen-
tration in a limited number of seaports is required in order to allow a virtu-
ous cycle of modal shifts from road haulage to high-volume transport
modes. Most big ports are witnessing a virtuous cycle: the availability of
cargo makes it possible to build an extensive network of intermodal hinter-
land services and this in itself attracts even more cargo (partly triggered by
economies of scale and density). But even port systems with a low degree of
concentration have embraced intermodal transport as maritime container
traffic has increased sufficiently in the last decades to allow the operation of
frequent inland shuttles to destinations in the immediate hinterland. As
such, a low level of cargo concentration in a port system can still be
beneficial to the development of intermodal services if it goes hand in hand
with substantial cargo volumes per load centre or if inland hubs are in place
where outgoing container flows of the individual seaports can be bundled.

There is no general rule available to determine the critical mass that a
port needs to set up a network of direct shuttles to the hinterland. Much
will depend on the spatial dispersion of cargo in the service area of the port.
A port that only serves a dense local economic cluster will typically have
less difficulties in developing a regular inland service than a port handling
containers for a large number of final destinations dispersed over a vast
hinterland. Empirical evidence demonstrates that a load centre with a large
local cargo base will sooner or later be tempted to increase the inland pene-
tration of its intermodal hinterland network so as to increase its capture
area. From that moment on, the existing dense network of direct shuttles
to nearby destinations might be complemented by indirect inland services
to more distant destinations built around one or more inland hubs.
Extensive cargo concentration on a few trunk lines opens possibilities to
economies of scale in inland shuttles (through the deployment of longer
trains or larger inland barges) but even more likely to higher frequencies.

Extreme forms of cargo bundling in seaports and inland centres could
decrease the efficiency of transport systems because shipments would
be significantly delayed, although having low transport costs. Hence, the
current development and expansion of intermodal transportation relies on
the synchronization of different geographical scales. But when the syn-
chronization level increases, the sea–land network as a whole becomes more
unstable (Rodrigue 1999).

Bundling Concepts in Port Areas

The formation of shuttles in large seaports requires the grouping of contain-
ers within the port area. Two alternative systems exist in this respect (Figure
5.5): either the vehicle (that is, barge or train combination) calls at various
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deep-sea container terminals in order to fill the available capacity, or all con-
tainers bound for a specific inland shuttle are brought to one or two central
transshipment points through a network of separate intra-port services by
truck, barge or rail. In the first option, barges and trains consume time while
collecting hinterland cargo. Study results with respect to barge operations in
the port of Rotterdam revealed that in 1997 container barges spent some 28
hours in the port on average. In this time span the number of calls at termi-
nals in the port area amounted to eight, with 16 moves per call on average
(Konings 2002). The use of one or two central loading and discharging points
in the port area dramatically reduces port time for barge and train combina-
tions, but incurs extra costs related to the operation of inter-terminal con-
tainer transfers and extra container handlings. The desired configuration is
highly dependent on the spatial layout of the port area (as compared to inter-
terminal distances), operational characteristics of terminals, berths and
transport equipment, and the decision of who will have to bear the costs of
inter-terminal transfers (shipping line, terminal operator or any other party).

5.3 INLAND SERVICE CONFIGURATION AND
BUNDLING IN THE HAMBURG–LE HAVRE
RANGE

Introduction

This section seeks to apply some of the above concepts to one specific port
range in Europe, that is, the Hamburg–Le Havre range (H-LH range)
consisting of Antwerp, Zeebrugge, Ghent and Ostend in Belgium (B), Le
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Figure 5.5 Container bundling concepts in multi-terminal container ports
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Havre, Dunkirk and Rouen in France (F), Rotterdam, Amsterdam and
Zeeland seaports in the Netherlands (NL) and Hamburg, Bremerhaven,
Cuxhaven, Emden and Wilhelmshaven in Germany (D). The results pre-
sented here are not transferable to other port ranges in the world as each
port system has its distinctive characteristics with respect to the spatial
configuration of ports and hinterlands, the strategies of shipping lines and
transport operators, and the policy outlines of local, regional, national and
supranational public authorities.

With a total maritime container throughput of 31.7 million TEU
handled along a shoreline of merely 500 nautical miles, the H-LH range
ranks among the busiest container regions in the world. The C4 index, that
is, the joint market share of the four biggest container ports, amounts to an
elevated 87 per cent. The Gini concentration ratio remained rather stable
since the 1980s at around 0.7, pointing to a considerable inequality in size
among the ports considered.

Most mainline operators running deep-sea liner services to and from the
Hamburg–Le Havre range stick to line bundling itineraries with calls sched-
uled in each of the main markets, that is, three to five regional load centres
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Table 5.1 Cargo throughput (‘000 TEU) and concentration in H-LH
range

1975 1980 1985 1990 1995 2000 2002 2004 2005

Rotterdam (NL) 1 079 1 901 2 655 3 666 4 787 6 275 6 515 8 281 9 287
Hamburg (D) 326 783 1 159 1 969 2 890 4 248 5 374 7 003 8 087
Antwerp (B) 297 724 1 243 1 549 2 329 4 082 4 777 6 064 6 488
Bremen/ 405 703 986 1 163 1 518 2 752 2 982 3 469 3 736

Bremerhaven (D)
Le Havre (F) 232 507 566 858 970 1 465 1 720 2 150 2 100
Zeebrugge (B) 151 181 218 334 528 965 959 1 197 1 408
Dunkirk (F) 38 63 71 71 71 149 161 200 205
Rouen (F) 14 98 135 93 120 146 144 139 161
Amsterdam (NL) 32 72 79 69 91 53 45 52 66
Flushing (NL) 28 83 35 26 6 3 9 27 39
Cuxhaven (D) 0 0 0 3 16 24 27 36 35
Ghent (B) 10 10 10 10 6 10 21 35 31
Ostend (B) 0 0 0 0 0 0 9 15 9
Wilhelmshaven (D) 0 0 0 0 6 29 41 43 3
Emden (D) 0 0 0 0 0 57 69 1 0

Total 2 612 5 125 7 158 9 811 13 338 20 257 22 856 28 713 31 655

Source: Based on data provided by the respective port authorities and Containerisation
International Online: www.ci-online.co.uk.



per loop, of which one call is at a load centre in the UK. Maritime hub-and-
spoke networks and related feeder connections in Northern Europe have not
developed to the level at which some observers have predicted. Sea–sea
transshipment volumes in the H-LH range do not exceed 40 per cent of any
port’s throughput. Consequently, the competitiveness of the load centres in
the range is largely determined by the ports’ capabilities in dealing with con-
tainer flows to the immediate and more distant hinterland regions.

Competition for hinterland cargo is fierce. Antwerp, a centrally located
port in the range, competes heavily with Rotterdam for local and European
hinterland cargo, with Le Havre for French cargo, and with Bremen and
Hamburg for traffic to and from Germany, the Alpine region, northern
Italy and Central and Eastern Europe (Figure 5.6). Major hinterland
overlap regions characterized by intense port rivalry are the Rhine axis (the
German Ruhr Area in particular), northern France, northern Italy and the
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Notes: Market shares are based on total hinterland container flows of Le Havre, Antwerp,
Rotterdam, Bremen/Bremerhaven and Hamburg.

Figure 5.6 The market share of Antwerp in hinterland traffic to/from the
Benelux countries, France and Germany (basis � container
flows in TEU)
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east–west corridors from the Benelux ports to the hinterland. Captive hin-
terlands are rare in the H-LH range.

The German ports have developed a strong orientation on rail shuttles,
whereas Antwerp and Rotterdam heavily rely on barges to reach water-
linked hinterland regions (Table 5.2). Most ports have achieved a consider-
able modal shift in hinterland container transport, but rail and inland
navigation still have not reached their maximum potential. Trucking
remains the most important transport mode in all ports, especially in cargo
volumes destined for France and to inland destinations outside the large
economic centres.

The modal split figures include container exchanges between the load
centres. For example, many carriers have limited the number of port calls
in the Benelux to just one port per loop (Notteboom and Winkelmans
1999). Large landside container interchanges between Rotterdam and
Antwerp on the one hand (that is, 740 000 TEU by barge and 110 000 TEU
by rail in 2001) and between Zeebrugge and Antwerp on the other (that is,
153 000 TEU by rail in 2001) are the result.

Carrier haulage on the European continent is still relatively low com-
pared to North America and many parts of the Far East. The share of
carrier haulage in 2005 was about 30 per cent on average, but large
differences can be observed among routes and regions (MDS Transmodal
1998). A few carriers have succeeded in attaining a high level of carrier
haulage (cf. Maersk Line). Other carriers with less experience or interest in
European inland transport control less than 10 per cent of inland container
movements. The high level of merchant haulage on some traffic relations
can make it more difficult for operators when setting up new hinterland ser-
vices, as it typically demands more effort to bundle cargo that is dispersed
over a large number of cargo-controlling shippers.
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Table 5.2 Modal split in the hinterland transport of containers

Rail Road Barge

1998 2001 2003 1998 2001 2003 1998 2001 2003

Rotterdam 14.5% 13.0% 10.0% 51.3% 48.7% 50.0% 34.2% 39.0% 40.0%
Antwerp 7.8% 8.8% 9.5% 64.5% 61.3% 59.5% 27.7% 29.9% 31.0%
Le Havre 14.3% 11.4% 12.4% 84.6% 85.3% 82.8% 1.3% 3.1% 4.8%
Zeebrugge 34.4% 41.9% 40.2% 50.6% 48.8% 55.1% 15.1% 9.2% 4.7%
Dunkirk 9.0% 13.5% 20.5% 90.0% 82.5% 76.7% 1.0% 4.0% 2.7%
Hamburg 29.7% 28.7% 28.7% 70.1% 69.9% 69.8% 0.2% 1.4% 1.7%
Bremerhaven 33.1% 36.0% 30.6% 65.0% 62.0% 67.3% 1.9% 2.0% 2.0%

Source: Based on data port authorities and Ocean Shipping Consultants.



Container Bundling in Rail Networks

Inland transport costs in North America have been squeezed through
the introduction of the double-stack technology in combination with the
minibridge concept (see for example Slack 1994). The breakthrough of the
double-stack technology came in 1984 when APL started a scheduled rail
service between Los Angeles and Chicago. Thuong (1989) demonstrated
that operating costs of double-stack trains are up to 60 per cent lower than
traditional COFC and TOFC technologies (container on flatcar and trailer
on flatcar). Carey (1987) suggested a reduction of 30 per cent. Double-
stack trains have a large unit capacity (see Figure 5.1) and typically bridge
distances of more than 1000 km.

In Europe, rail logistics are highly complex. A geographically, politically
and economically fragmented Europe prevented the realization of greater
intermodal scale and scope economies (Charlier and Ridolfi 1994). In
recent years, initiatives have emerged that should lead to real pan-European
rail services on a one-stop-shop basis. For instance, the Eurogate group has
developed the Hannibal project, a north–south rail corridor that connects
the intermodal services of subsidiary Sogemar in Italy to the shuttle
network of boxXpress.de in Germany (Alberghini 2002).

The backbone of rail services out of the load centres in the H-LH range
is formed by direct shuttle trains that offer uninterrupted services between
a port and one point of destination at a fixed time schedule and a fixed com-
position of wagons (typically around 70 to 80 TEU capacity). These shuttle
trains can only be exploited in a profitable way on a number of high-density
traffic corridors such as the Rhine axis and the transalpine route. At present,
intermodal transport accounts for some 10 per cent of transalpine traffic
between Italy and France and some 20 per cent in Germany and Italy. On
some tracks, such as the Cologne–Milan corridor, the figure is as high as
40 per cent. The profitability of a lot of individual direct shuttle trains, even
to the immediate hinterland of the Northern European load centre ports,
remains insecure. As a result, a new direct shuttle service is often terminated
within a time span of less than one year, simply because cargo availability is
low or highly fluctuating. Some carriers and rail operators have resolved the
problems related to the fluctuating volumes and the numerous final desti-
nations by bundling container flows in centrally located nodes in the more
immediate hinterland. Hence, it is much easier to fill a mixed block train
containing cargo for various destinations to a nearby inland hub than to run
a direct dedicated shuttle train to a final destination in the distant hinter-
land. Moreover, the services offered by the master hubs allow for increasing
the frequency of the scheduled services between load centres and distant
destinations. In the 1990s numerous intermodal railway networks of the
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B-or C-type emerged (see Figure 5.2), thereby allowing higher service fre-
quencies and the inclusion of smaller container ports in the network. The
nodes within these networks were connected by frequent block and shuttle
trains with capacities for a single train combination ranging from 40 up to
90 TEU. Shuttle trains from the main ports carrying containers for many
destinations arrived in the hub on a regular basis. The wagon groups were
exchanged between trains at Metz and were combined to form new single-
destination shuttle trains heading for the distant hinterland of the
Rhine–Scheldt delta ports.

Some examples were the Qualitynet of Intercontainer-Interfrigo (ICF)
with Metz-Sablon in the north-east of France as master hub linking up the
Rhine–Scheldt delta ports with the rest of Western Europe, the North
European Network (NEN) with master hub Dry Port Muizen, and Combi
24, an extensive intermodal shuttle train network covering the whole of
France via the inland hub of Paris and with extensions to Benelux ports.

Once a hub-and-spoke network is installed, it is hard for the associated
rail operator to shift back to a system of direct shuttle trains. The conver-
sion of one rail service out of the hub-and-spoke network to a direct service
decreases total cargo volume in the network and as such might negatively
affect the profitability and operational efficiency within the bundling
system.

In the new millennium, European rail liberalization has partly con-
tributed to a decline of many of the hub-and-spoke networks. New railway
operators often engage in cherry-picking by introducing competing direct
shuttle trains on a spoke of an established hub-and-spoke network of a
competitor. This organizational dimension in the rail industry has a clear
spatial impact: it creates a negative affect on cargo volumes on the spoke
and might lead to a collapse of the whole hub-and-spoke system. For
example, both ICF’s Qualitynet and IFB’s North European Network
(NEN) stopped operations in 2004. The rail operators involved shifted
operations to a system of direct shuttle trains out of the main load centres.
A further decline of hub-and-spoke rail networks in Europe could seriously
affect the future growth potential of smaller and new ports as they would
remain confronted with the vicious circle effect.

Most ports in the H-LH now rely on a blend of direct shuttles, inter-port
shuttles (for example DeltaExpress and PortExpress between Antwerp and
Rotterdam, and Railbarge on the Antwerp–Zeebrugge link) and block
trains. The Antwerp situation is depicted in Figure 5.7. Rotterdam and
Antwerp each have between 150 and 200 intermodal rail departures per
week. Le Havre features only a limited number of direct shuttles via the
joint-venture Le Havre Shuttles (LHS), but is well connected to CNC’s
hub-and-spoke network assembled around a central node near Paris.
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Hamburg’s rail connections outperform all other ports in numbers (that is,
more than 200 international and 250 national shuttle and block train ser-
vices per week) and in traffic volumes by rail (that is, nearly 1 million TEU
in 2003). German container terminal operators are directly involved in
intermodal rail transport. HHLA has a stake in Metrans, Polzug and
HHCE (Hamburg Hungaria Container Express) and formed Hanse
Express with DB. Eurogate Intermodal formed boxXpress.de together with
ERS (European Rail Shuttle) and KEP Logistik. BoxXpress.de organizes
shuttle trains to and from German ports completely independently of DB
Cargo. Furthermore, Eurogate has a controlling interest in the Italian rail
operator Sogemar (through Contship Italia). The German case is quite
unique in the H-LH range.

A number of shipping lines have joined forces to develop intermodal
shuttles, especially on routes where the existing rail products lack a good
price–quality relation. A good example of carrier cooperation in the rail
sector is European Rail Shuttle (ERS), controlled by the Maersk group.
ERS operates shuttle trains mainly out of the port of Rotterdam to inland
destinations in the Benelux countries, Germany, Poland, Italy, the Czech
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Figure 5.7 Antwerp’s rail network for containerized cargo
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Republic, Hungary and Slovakia. Starting at three shuttles a week in 1994,
ERS now offers more than 200 shuttles a week. Sea carriers typically buy
capacity from the different national railway companies. As such, the quality
of service to the customer is partly determined by the performance of the
national railway companies. Sea carriers often complain about the elevated
traction cost and the long preparations and negotiations with the national
railway companies needed to install fast direct rail services. The existing rail
operators often complain about cherry-picking practices exerted by new-
comers in the market.

Most European rail terminals are owned and operated by the multi-
modal subsidiaries of the national railway companies. For instance, IFB
operates the rail terminals in the seaports of Antwerp, Zeebrugge and
Dunkirk, the rail hub Dry Port Muizen and numerous other terminals in
Belgium. Conliner owns an extensive network of rail terminals in Germany.
Some stevedoring companies have interests in rail terminals (for example
ECT runs a rail terminal in Venlo). The fact that most rail operators act as
both rail terminal operator and long-haul carrier implies a more or less
rational approach to rail system design and the balancing of rail capacity
and traffic demand.

Smaller container ports in the Hamburg-Le Havre range tend to seek
connection to the extensive hinterland networks of the large load centres
by installing shuttle services either to rail platforms in the big container
ports or to master rail hubs in the hinterland.

Bundling in the European Barging Network for Container Transportation

Barge container transport in Europe has its origins in transport between
Antwerp, Rotterdam and the Rhine basin, and since the mid-1990s it has
also developed greatly along the north–south axis between the Benelux
countries and northern France. Antwerp and Rotterdam together handle
about 95 per cent of total European container transport by barge. Volumes
on the Rhine have increased from 200 000 TEU in 1985 to some 1.5 million
TEU in 2004, leading to higher frequencies and bigger vessels. The fact that
barge traffic is primarily concentrated in only two maritime load centres
(Antwerp and Rotterdam) makes it easier to benefit from economies of
scale in barge services.

The development of the basic volume for barge transport only started
to bring large-scale initiatives on the lower Rhine from 1985 onwards. In
order to raise the level of service and prevent destructive competition,
the existing barge carriers started to operate joint liner services on the
different navigation areas of the Rhine (lower Rhine, middle Rhine and
upper Rhine), through operational collaboration agreements (for example
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Fahrgemeinschaft Oberrhein on the upper Rhine). These agreements still
exist today, although some barge operators such as CCS started services
independently from the consortium members.

River systems typically have a tree-like structure with limited or no
lateral connections between the different ‘branches’. Moreover, the vessel
capacity that can be deployed (and consequently the service network that
can be used) is restricted and not homogeneous due to varying draft limi-
tations and other physical conditions in various parts of the river system.
These elements favour the use of (symmetric) line bundling systems. At
present the liner service networks offered on the Rhine are mainly of the
line bundling type with each rotation calling at three to eight terminals per
navigation area. The inland vessels used on the Rhine have capacities
ranging from 90 to 208 TEU, although some bigger units and push convoys
can be spotted occasionally (Table 5.3). The average frequencies of barge
services on the Rotterdam–Rhine connection increased from four in 1994
to at least a daily service in 2006 Rotterdam has a strong position for barge
traffic from and to the lower Rhine and middle Rhine, whereas Antwerp
and Rotterdam are equally strong on the upper Rhine.

In the past few years, barge container transport has been characterized
by a number of radical structural changes in liner network design.

First, after a period of decentralization in the Rhine basin, the large con-
tainer carriers are following a strategy aimed at concentrating river freight
volumes in just a handful of freight terminals. This rationalization in the
number of Rhine terminals served (in particular on the lower and middle
Rhine) opens up the possibility of larger barges being introduced.
Exceptional examples are the sister ships Jowi and Amistade, fully cellular
motorized barges with a slot capacity of 398 TEU (on the basis of four boxes
high) which are used on the CCS services between Antwerp–Rotterdam and
the Rhine.
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Table 5.3 Typical vessels in the barge fleet of Combined Container Service

Length Beam Max Max TEU TEU Draft
capacity layers wide long

Amistade/Jowi 135.5 m 16.84 m 470 TEU 5 6 TEU 17 TEU 3.6 m
Azolla/Cunera/ 3.09 m
Noordkaap/

Saros/Skyline/Victor 110 m 11.45 m 208 TEU 4 4 TEU 13 TEU 3.6 m
Theodorus-Johan 105 m 11.40 m 192 TEU 4 4 TEU 12 TEU 3.52 m
Neokemp 63 m 7.00 m 32 TEU 2 2 TEU 8 TEU 2.8 m

Source: CCS Tariff Information System.



Second, although at present there still are no genuine hub-and-spoke
structures for barge container transport on the Rhine, the market is tending
towards large inland waterway hubs from where the containers can be
further distributed by feeder barges, rail and/or road transport. This would
add to the pure line bundling networks per navigation area that are cur-
rently in use. The Duisburg–Düsseldorf region and the middle Rhine
between Mannheim and Wörth are suitable locations for setting up such
hubs as part of waterway-based hub-and-spoke networks. Duisburg is gen-
erally considered as a superhub, as the port is home to two container ter-
minals: the DeCeTe terminal (partly owned by ECT of Rotterdam) and the
Duisburg Intermodal Terminal (owned by DP World and Rhenus each
with 37.5 per cent and Duisport with the remaining 25 per cent). Duisburg
has a number of direct shuttle services to the Benelux ports (for example
Duisburg Express using ships of 268 TEU) and is now developing feeder
services to other Rhine terminals (for example the three-times-weekly
service to Hamm near Dortmund). At present, the barging industry shows
some scepticism as regards extensive hub-and-spoke networks on the
Rhine. Nonetheless, it is likely that in the near future new types of bundling
systems will be introduced. Figure 5.8 depicts a possible alternative
network design.

Third, despite the spatial concentration of freight at the carrier level, the
number of terminals in the Rhine basin is steadily increasing. This is the result
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Figure 5.8 An alternative to line bundling networks on the Rhine

Line bundling networks per navigation area A combination of hub-and-spoke and line bundling
network intra-Rhine loops with small barge units
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Antwerp Antwerp
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Rotterdam – inland hubs
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Barge liner service
Rotterdam – lower Rhine
with vessels of 208 TEU

   Middle Rhine area
    Bonn to Karlsruhe  

  Upper Rhine area
Strasbourg (F) to Basel (CH)



of new terminal operators arriving on the market (for example DP World in
Duisburg) and of new terminals appearing along the Rhine and its tributaries
(for example Aschaffenburg, Krefeld and Mannheim Container Terminal).

Fourth, the growing realization of the potential offered by barge con-
tainer shipping has led to a wave of investment in new terminals over the
past few years, in northern France, the Netherlands and Belgium. The
Benelux countries and northern France now have more than 35 container
terminals, about as many as in the Rhine basin. In 1991 there was still no
terminal network on the north–south axis (only two terminals), while the
Rhine basin already had 24 container terminals. Outside the Rhine basin,
much smaller barges are used, not only because of the limited width of
many waterways (for example the Leie and upper Scheldt), but also because
of the conviction that smaller units offer greater flexibility and shorter port
turnaround times. The next step is to establish a network of liner services
connecting the various terminals outside the Rhine basin on a line bundling
basis. It is expected that domestic and short-distance networks for con-
tainer transport by inland barges will emerge in the years to come.

And finally, a number of inland terminals are increasingly concentrating
on the complementarity between rail and barge transport. The German
inland terminals are emphasizing the trimodal character of the facilities
offered, seeking connections to the KLV (Kombinierten Ladungsverkehr)
network operated by Deutsche Bahn. Emmerich, Neuss, Mainz,
Mannheim, Cologne, Duisburg and Dortmund are some of the inland
ports trying to combine their leading role in barge transport with a hub
function in international intermodal rail networks. However, in most of
them there is still no combined barge–rail transport to speak of: the transit
volumes between barge and rail on most of the Rhine terminals (except for
Ludwigshafen, Cologne and in particular Duisburg) are still very low. The
rail–barge combination requires an advanced synchronization of services
as well as the coupling of networks which differ substantially in basic
design, that is, line bundling in inland shipping versus direct shuttles and
hub-and-spoke systems in rail.

The bulk of the barge services are controlled by independent barge oper-
ators. They have always shown a keen interest in the exploitation of inland
terminals. About two-thirds of all terminals in the Rhine basin are oper-
ated by inland barge operators or the logistics mother company of a barge
operator. The remaining terminals are operated or owned by stevedor-
ing companies of seaports, inland port authorities (for example Port
Autonome de Strasbourg) or logistics service providers. Stevedoring
companies and forwarders have understood that inland terminals can
strengthen their position in the market. In many cases, inland terminals
serve as extended gates for deep-sea terminals.
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5.4 CONCLUSIONS

The performance of seaports is strongly entwined with the development
and performance of hinterland networks. Load centres are only as com-
petitive as the inland and relay links that connect to them. This chapter has
substantiated the importance of cargo bundling systems as one of the main
drivers of hinterland transport system dynamics.

In liner shipping the limits to economies of scale and density have been
reached. In the hinterland routing of containers, hub-based indirect shuttle
networks have complemented direct rail shuttles. In inland navigation, line
bundling services are very common, but might be replaced in the future by
a combination of direct shuttles to inland hubs and local line bundling net-
works. The reorganization and reconfiguration of rail and barge shuttle ser-
vices to the hinterland is a powerful economic stimulus for actors to
redefine their role in landside operations.

There is no such thing as an ideal service configuration that could be rec-
ommended for all ports on all origin–destination relations. Each situation
warrants a separate study to determine the configuration that will provide
the services best suited to market needs. The optimal network design is a
function not only of carrier-specific operational factors, but also of ship-
pers’ needs (for transit time and other service elements) and of shippers’
willingness to pay for a better service. As such, the future spatial develop-
ment of inland service networks will largely depend on the balance of
power between carriers and shippers.
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6. Container terminal handling quality
Bart Wiegmans, Peter Nijkamp and Piet
Rietveld

6.1 INTRODUCTION

In the container terminal handling market, quality is important in attract-
ing and retaining customers. In Europe, container carriers do have choices
between different container ports that can meet their demand. For the ter-
minal operator, this results in increasing importance of quality of services
and the need to know the needs of (potential) customers. A favourable
network position and well-organized processes are no longer sufficient to
attract container volumes. Meeting customer needs and delivering high
quality (speed, reliability, and so on) for low costs are critical factors.
Currently, adoptions of innovative handling systems to improve operations
(and thus quality) have not been signalled in the European container ter-
minal market (Bontekoning 2002). This might be due to the fact that these
systems are not cheap and their added value is not recognized by terminal
operators so far.

Transport research in the EU (Intermodal Quality 1997; European
Commission 1997; TERMINET 1998) shows the following important quality
elements concerning transport: time, reliability, flexibility, qualification, acces-
sibility, control, handling price, frequency, speed, long-term planning, man-
agement, and safety and security. Dedicated quantitative information on
container terminal handling quality is hard to find in the literature. Container
terminals are monitoring their quality levels (mainly internal processes), but
the results are not made public. Therefore, a more general literature survey
forms the main input for this chapter combined with 14 interviews with ter-
minal operators.

The aim of this chapter is to offer an approach for measuring container
terminal service quality and to determine critical performance conditions.
For this purpose, the well-known SERVQUAL model is used. This model
has been adapted to container terminals and presents an ‘operational’ view
on the judgement of service quality of container terminals by terminal
operators (Parasuraman et al. 1991). The focus is on container terminals,
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because the terminal is an important link in the total intermodal transport
chain (change of transport mode, collection, distribution, and so on). In
the next section characteristics of services are explored and adapted to the
container terminal market. Next the service quality of maritime terminals
and continental terminals is analysed. The chapter ends with conclusions.

6.2 THEORY ON SERVICE QUALITY AND
CONTAINER TERMINALS

Service Production Process

In the service process, usually the front office of a service organization
interacts directly with customers. This direct interaction is conceded to be
‘the moment of truth’ for the service organization. The conventional
service triangle consists of three actors (de Vries et al. 1994):

1. the service organization (back office);
2. its contact personnel (front office);
3. its customers.

The production process of a service can be based on a customer-orientation,
a competitor-orientation or a market-orientation. In a customer-orientation,
the main objective of the producer of the service may be to fulfil customer
needs. He can strive to provide a better price–quality service than his
competitor (competitor-orientation), or he can provide his service as both
customer- and competitor-oriented (market-oriented) (Narver and Slater
1990; Slater and Narver 1994a and 1994b; Slater and Narver 1995). A rela-
tively newly distinguished orientation is process-oriented. In this case, the
service is seen as part of the whole supply chain and there is an extensive
exchange of information between actors in the supply chain in order to be
able to perform all services smoothly. This seems a suitable approach for ter-
minal services, because they form part of an integrated transport chain.

The terminal service buying process can be divided into three activities:

1. pre-purchase phase (problem definition, information collection and
evaluation of alternatives);

2. consumption of the terminal service;
3. post-purchase phase (evaluation of the terminal service).

In the pre-purchase phase, the actors are the terminal operator and the
terminal customer. Usually, the terminal–customer personnel, the terminal
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personnel and the terminal operator consume the terminal service. The ter-
minal customer and his personnel evaluate the service. Generally, the cus-
tomer’s management does not have an obligation to be present in person.
The service delivered to the terminal customers is quite homogeneous and
there is no need for participation of the terminal customer’s management
in the service production process. Furthermore, the customer service is
intangible, there is no need for simultaneous production and consumption,
and the (objective) terminal transit time is highly important. However, as
long as the needed terminal transit time fits in the total transport solution
it does not need to be fast but it needs to be on time.

Costs of Service Quality

Achieving quality services costs money. A useful concept in analysing the
cost of terminal service quality may be that of value density, that is, value
per unit weight. The value density reflects the relative importance of the
container in transit and inventory in the logistics system (Magee et al.
1985). In any business, this suggests that it might be preferable to stock low-
value items rather than high-value items. The terminal operator can also
use this knowledge: the higher the value of the container the operator is
handling, the more important reliability and speed become. Generally,
costs of service quality comprise (de Vries et al. 1994):

1. prevention costs, for example training programmes;
2. inspection costs, for example costs of quality tests;
3. internal repair costs, for example costs to repair errors before the

service reaches the customer;
4. external repair costs, for example costs to repair errors after the service

has reached the customer;
5. lost sales, these do not result in direct costs, but may well represent the

highest damage to a company delivering poor service quality.

Delivering good-quality services only requires inspection costs and pre-
vention costs, whereas in the case of poor service quality, costs also consist
of internal and external repair costs and lost sales. The total container
handling service costs should always be placed in the perspective of the
total transport channel costs. The terminal handling costs depend – besides
the desired quality level – on container characteristics (value of freight),
size of shipment (volume), weight, handling difficulty, density, buying of
additional terminal services, and transport distance to and from the termi-
nal. Therefore, more tailor-made handling services might ‘produce’ more
satisfied customers and justify higher prices.
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Terminal Actors in the Service Process and Quality

The terminal customer provides the terminal operator with requirements
concerning the desired terminal service. In particular, flexibility require-
ments have been growing in importance during recent years (Kuipers 1999).
This requires improvements from terminal operators in order to meet the
service demands of their customers. In this respect, much is expected from
new-generation terminals in the Continental terminal market (Bontekoning
and Kreutzberger 2001). These types of terminals are expected to improve
the cost and quality performance of terminal operations (Konings and
Kreutzberger 2001). However, so far, no new-generation terminals have
been built. In Figure 6.1, the main elements influencing, and following from,
terminal service quality are depicted. The terminal customer consists of two
elements: the management (back office), and the employees (front office)
who are present when the service is produced at the container terminal. The
terminal operator also consists of two sub-elements: front office and back
office. This results in four groups that may have different expectations and
observations about terminal service quality. This means that both the ter-
minal customer’s front and back office must judge the quality of the termi-
nal service. An additional complicating factor is that for the terminal
operator the inclusion of the total supply chain in the quality delivery is
extremely important, because it is the channel, not the terminal operator,
that actually delivers the products and services to the final customers.
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Source: Based on de Vries et al. (1994).

Figure 6.1 Terminal service quality environment
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Without channel coordination, it may be even harder to achieve an adequate
terminal service performance level.

If the focus is placed on terminal customers of both maritime and con-
tinental terminals, four main customer groups can be distinguished:

1. container carriers (deep-sea shipping companies);
2. transport companies (rail, road, barge and short-sea transport com-

panies);
3. importers/exporters (intermediaries, such as stevedores, ship brokers,

shipping agents and forwarders);
4. shippers/consignees (companies that send and receive the freight).

The main customer groups must be identified in order to be able to deter-
mine the weight that must be placed on the judgements of the different
groups. The services that are provided can be grouped according to type of
customers, importance of different sales categories, type of container
(process) or transport mode (network). Usually, terminal operators are not
entirely clear about their customers, and therefore offer a broad package of
services for the sake of risk-spreading and widening the operating base
(that is many potential customers).

Measurement of Service Quality

Service quality can, in general, be measured on three aspects: search,
experience and credence attributes. Search attributes are quality features
that can be identified by the customer before the purchase of a certain
service. Experience attributes are features that can only be disclosed during
or directly after the consumption of a certain service. Finally, credence
attributes are features that cannot be identified by customers, neither before
nor after the consumption of the service.

Bowersox et al. (1986) view handling as one of the most costly aspects of
logistic channel performance, and thus the objective is to reduce handling
operations in the logistic chain to an absolute minimum. This creates an
extra dimension concerning quality: there is a tendency to minimize termi-
nal handling, stressing the importance of quality even more. The distinc-
tion between services is necessary in order to be able to determine which
services are important or should be important to the terminal operator. At
a container terminal the following main activities can be found:

1. ship-oriented services: discharging the ship, loading the ship, direct
transshipment, warehousing and storage of container, and container
groupage;

2. yard-oriented services;
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3. other terminal services: manufacturing; renting, leasing and selling ser-
vices; collection and distribution of containers; physical transport of
containers; container monitoring; and other services.

SERVQUAL to Measure Container Terminal Service Quality

The SERVQUAL model is used as a framework to analyse the terminal
service quality. In the SERVQUAL model of Parasuraman et al. (1985), the
difference between customer expectations and observations (valuations or
judgements) is measured. If the expectation of the customer is greater than
his observation, there is a lack of quality. Quality is delivered when the
observation is equal to the expectation. More quality is delivered if the
observation of the customer is greater than his expectation. The expect-
ations must be carefully dealt with, as expectations can be low (which is the
case in the container terminal market). In this respect, it is better to focus
on the aspirations of customers rather than on expectations. In the termi-
nal interviews dealt with later in this chapter, the expectations of terminal
operators about terminal customers expectations have been used as a proxy
for the important quality elements for terminal services. The ‘general’
objectives of terminal operators may be stated as cost minimization and
profit maximization, capacity-oriented and realizing political goals (for
example concerning the environment, enhancement of status and role).
The terminal operator should translate the customers’ quality expectations
into performance statements and define ‘target’ quality levels. The set of
SERVQUAL quality questions served as input for the interviews. It has not
been possible to interview terminal customers in this chapter. Testing the
SERVQUAL model with terminal customers is thus an important item for
further research. This would make it possible to compare the terminal oper-
ators’ expectations with terminal customer judgements of service quality.

6.3 MARITIME CONTAINER TERMINAL SERVICE
QUALITY

Maritime Quality Judgement History

In general, container terminal services have no extensive history concerning
quality measurement. Some research has been carried out on quality aspects
in the broader field of transport mode comparison and also in the field
of logistics. In that field, it has been shown that, in the past, average deliv-
ery time was the most important customer service element determining
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customer satisfaction (see also Table 6.1). This table indicates the impor-
tance of different quality aspects to customers. It not only applies to trans-
port or logistics companies, but also to terminal operators. If time,
availability of service and information are important to customers, these
service elements are automatically important to terminal operators as well.
Their solutions must fit these requirements in order to be competitive.

Characteristics of Maritime Terminal Services

For the maritime terminal operator, ship services are the most important.
All services are offered (ship, yard and other), but the handling service is of
prime importance. The container carriers are the main customers and the
central focus is on the quality of service that they receive. Maritime termin-
als are open 24 hours a day, 365 days a year. The average transit time for a
container is between 48 and 96 hours through a maritime terminal.
According to terminal operators, in the service production process, the reli-
ability of the service is most important for their customers. Compared with
the results from Perreault and Russ (1976), ‘average delivery time’, ‘time
availability’ and ‘rush service’, have decreased in importance, while ‘relia-
bility’ (for example accuracy, action on complaints) has increased in
importance. See Table 6.2 for an overview of the terminal interview results.

Relative Importance of Maritime Handling Quality Conditions

The importance of maritime container terminal quality – according to
terminal operators – has been tested on five quality dimensions. These
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Table 6.1 Customer service elements and customer satisfaction

Customer service elements Correlation coefficient1

Average delivery time 0.76
Delivery time availability 0.72
Order status information 0.67
Rush service 0.59
Order methods 0.56
Action on complaints 0.56
Accuracy in filling orders 0.46
Returns policy 0.44
Billing procedure 0.39

Note: 1 Correlation between service element and customer satisfaction.

Source: Perreault and Russ (1976).



dimensions are: tangibles – the appearance of the physical facilities; reli-
ability – the ability to provide the promised service; responsiveness – the
willingness to help customers; assurance – the knowledge of the personnel;
and empathy – the caring for terminal customers. The interviewed terminal
operators were asked to divide 100 points between the five items (see
Table 6.3 for an overview) in order to define relative importance of quality
conditions.

The interviews show that ‘reliability’ is of main importance to maritime
terminal operators. The main finding for maritime container terminals is
that all quality variables are important, but ‘reliability’ is the most impor-
tant one.

Maritime Terminal Services and Quality Conditions

Several characteristics of the maritime container terminal service were
tested in the interviews. According to terminal operators, maritime terminal
customers expect excellent service, therefore quality costs are concentrated
at the beginning of the internal service production process. Costs are made
in order to prevent internal quality defects. Terminal performances meas-
ured by the maritime operators are crane performance, container damage,
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Table 6.2 Service characteristics in the maritime terminal market

Variable Characteristic

Kind of services Ship, yard, other
Average container terminal transit time 48–96 hours
Operating hours 24/7, all year
Critical performance condition Reliability

Source: Terminal interviews, 2002.

Table 6.3 Quality importance according to maritime terminal operators

Variable Share (%)

Tangibles 20
Reliability 30
Responsiveness 15
Assurance 20
Empathy 15

Source: Terminal interviews, 2002.



straddle carriers performance, and that of other transport modes (besides
deep-sea). The percentage of containers that is not handled according to
customer requirements is far less than 1 per cent, and the conflicts over false
handlings are solved to the maximum extent possible. However, maritime
terminal customers are also interested in channel performance, suggesting
that terminal operators might start measuring channel performance in add-
ition to internal performance. The attitude of maritime terminals should
improve from a production-oriented (internal process) to a more customer-
and process-oriented attitude. The maritime terminal operators conclude
that better-educated personnel, shorter container terminal transit time,
better handling performance, and quality measurement may improve the
container handling service. However, these items are just facilitators to help
the terminal customers with a good transport channel performance.

Conclusion about Maritime Terminals

Several characteristics of maritime terminals have been identified. Ship ser-
vices are the most important to maritime terminals, but related services
(yard and other) are offered as well. Container carriers are the main cus-
tomers and are served 24/7, 365 days per year with an average container
transit time through the terminal of 48–96 hours. In the 1990s, the import-
ance of speed and time relatively decreased in favour of reliability of the
service. According to past transport research, average delivery time was
judged to be of main importance. The interviews have proven that this has
changed for the container terminal sector in Europe. As transport services
are, in general, price-inelastic, container handling price reductions will not
generate a dramatically increased demand for container handling. However,
the market is very competitive on a port-by-port basis. Quality levels must
meet high standards set by the container carriers. Costs incurred by better
quality performance cannot be recovered through higher rates. Therefore,
the relatively most critical performance condition for their customers –
according to maritime container terminal operators – in terms of quality is
‘reliability’. It has not been possible to produce a table with the scores of
maritime terminals, concerning the adapted SERVQUAL model, because
the response on this part of the questionnaire was insufficient.

However, several tools to improve maritime container terminal services
can be developed, based on this research. Current terminal performances
measured by operators are crane performance, container damage, straddle
carrier performance, and that of other transport modes (besides deep-sea).
The maritime operators conclude that better-educated personnel, shorter
container terminal transit time, better handling performance, and quality
measurement may help improve the container handling service. Handling
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speed, information and communication are quoted as important tools
to improve the quality performance of maritime container terminals.
However, faster handling is not important as long as the terminal service
fits the total transport solution. Information and communication is what
counts in order to improve the terminal operator attitude, the channel per-
spective and performance, and the flexibility.

The attitude of maritime terminals should improve from a production-
oriented (internal process) to a more customer-oriented attitude. Internal
processes are important, but the transport channel of the customer – which
the terminal service forms part of – counts. Measuring ‘total’ container
channel performance, through an increased number of terminal perform-
ance measures, might help to improve the reliability of container terminals.
Most maritime container terminals measure performance on the basis of
their terminal; container carriers are interested in channel performance: is
container X reliably transported from point A to B in the agreed time-
frame? Internal terminal performance measures must therefore be extended
with external terminal performance measures. These external performance
measures measure the container carriers’ on-time performance. A perform-
ance improvement for maritime terminals might be ‘flexibility’. Deep-sea
ship arrivals are no easy planning task, as weather influences and other
problematic developments make the terminal operator’s task more difficult.
Through strict contracts, all risks of delays and terminal berth congestion
are passed onto the terminal operator. This makes ‘flexibility’ a critical per-
formance condition in order to optimally service the terminal customer.

6.4 CONTINENTAL CONTAINER TERMINAL
SERVICE QUALITY

Continental Quality Judgement History

Research into Continental terminal services has no extensive history.
Research has been carried out on quality aspects in a broader perspective
(logistics). In the annual report of RENFE (1998) there is a short section
on quality measurement concerning intermodal freight transport including
the use of Continental rail terminals (see Figure 6.2 and 6.3 for the main
results).

This quality judgement by customers concerns rail services in Spain,
including the use of Continental container terminals. Figure 6.2 shows
that, according to clients, ‘compliance with terms’ and ‘quality–price rela-
tionships’ are the most important quality aspects. ‘Compliance with terms’
may also be stated as ‘reliability’. Figure 6.3 shows that the most important
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Note: ‘Usual speaker’ refers to usual contact person.

Source: RENFE (1998).

Figure 6.2 Customer judgement of rail service quality conditions

Source: RENFE (1998).

Figure 6.3 Importance of quality elements and corresponding judgements
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quality aspects (‘compliance with terms’ and ‘quality–price relationship’)
are not those customers are most satisfied by. The differences between the
quality aspects are quite large and especially the most important quality
aspects must perform better. In general, it is more important for operators
to perform better in aspects that are more important to customers. Below,
the interviews with the Dutch container terminals will be discussed.

Characteristics of Continental Terminal Services

Most Continental terminal operators who were interviewed (11 in the
Netherlands) have large customer bases, and most of the customers are
located close to the terminal. The operating hours for barge terminals show
a mixed picture, ranging from 05.00 Monday to 12.00 Saturday every week
to 24/7, 365 days a year. The average container terminal transit time for
barge terminals is 48 hours and for rail terminals 73 hours. In the service
production process, reliability of the service is most important (see Table
6.4 for an overview of the interview results).

Relative Importance of Continental Handling Quality Conditions

Table 6.5 shows that ‘reliability’ is of relatively main importance to both
barge and rail terminal operators. Several characteristics of the container
terminal service were tested in the interviews. The percentage of containers
that is not handled according to customer requirements is less than 1 per
cent for rail terminals, and the conflicts over these false handlings are solved
where possible. For barge terminals, the false handlings are between 1 and
3 per cent, with one terminal reaching almost 10 per cent (interviews with
terminal operators in 2002). Terminal performance measured by the barge
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Table 6.4 Service characteristics in the Continental terminal market

Variable Characteristics: barge Characteristics: rail

Kind of services Barge, yard, other Rail, yard, other
Average container 48 hours 73 hours

terminal transit time
Operating hours Most 24/7, all year 05.00 Mon.-12.00 Sat
Critical performance Reliability Reliability

conditions

Note: Most terminals are open 24/7, all year, with few (mainly rail) exceptions.

Source: Terminal interviews, 2002.



operators concern barge on-time performance, and customer pre- and 
end-haulage on-time performance. Rail terminals measure the on-time
performance of trains (departures) and trucks (percentage handled within
30 minutes).

Continental Terminal Services and Quality Conditions

The main finding for Continental barge container terminals is that the
differences between the quality variables are not large. This means that all
quality variables are relatively important, and ‘reliability’ is the most
important one. According to Continental rail terminals, customers are
strongly focused on ‘reliability’ and relatively less on the other quality
aspects. This might be due to the great chance of disruption in the rail trans-
port chain. According to terminal operators, barge and rail terminal cus-
tomers expect ‘reliability’, ‘good price’ and ‘added value’.

Conclusion about Continental Terminals

Characteristics of Continental terminal service were revealed in the inter-
views. Most operators have large customer bases, and most of the cus-
tomers are located close to the terminal. The operating hours differ from
terminal to terminal. The average container terminal transit time for barge
terminals is 48 hours and for rail terminals 73 hours. The percentage of
containers that is not handled according to customer requirements is less
than 1 per cent for rail terminals and for barge terminals the false handlings
are between 1 and 3 per cent. According to terminal operators, barge and
rail terminal customers expect ‘reliability’, ‘good price’ and ‘added value’.
‘Reliability’ is a critical performance condition for Continental terminal
operators, especially for rail terminals, due to the great likelihood of
disruption of the system flow, in the rail part of the transport chain. Barge
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Table 6.5 Quality importance in the Continental container terminal
market

Variable Barge Rail

Tangibles 13 9
Reliability 25 55
Responsiveness 22 13
Assurance 20 12
Empathy 21 11

Source: Terminal interviews, 2002.



terminals, in order to determine their own quality, but also in order to
determine the total channel performance, monitor the start and the end of
the trip of a container. The differences between the quality judgements (see
Table 6.6) are not large. According to terminal operators, this means that
all quality variables are relatively important to their customers, and ‘reli-
ability’ is relatively important. Better-educated personnel, shorter con-
tainer terminal transit time, better handling performance, and quality
measurement may enable an improvement in the container handling
service. Quality improvements must come down into cost reductions as
price increases seem difficult. This is even more complicated as the invest-
ment costs for improved quality are concentrated at the terminal, while
most advantages occur in the networks (Trip and Kreutzberger 2002).
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Table 6.6 Quality judgements of Continental container terminals

Quality dimension Barge Rail Difference:
terminals terminals barge–rail

1. Tangibles: equipment 5 5 �
2. Tangibles: facilities 5 5 �
3. Tangibles: clothes 5 5 �
4. Tangibles: promotion 4 5 �1
5. Reliability: promise 7 7 �
6. Reliability: solve 7 7 �
7. Reliability: 1st time 7 7 �
8. Reliability: on-time 7 7 �
9. Reliability: mistakes 7 6 �1

10. Responsiveness: tell 7 6 �1
11. Responsiveness: adequate 7 7 �
12. Responsiveness: always 7 7 �
13. Responsiveness: busy 6 6 �
14. Assurance: behaviour 6 7 �1
15. Assurance: safe 7 6 �1
16. Assurance: careful 6 6 �
17. Assurance: knowledge 7 6 �1
18. Empathy: individual 7 6 �1
19. Empathy: open 5 6 �1
20. Empathy: personal 5 5 �
21. Empathy: customer 7 6 �1
22. Empathy: needs 7 7 �

Note: The quality dimensions on the left-hand side correspond with the extensive
described numbers in Table 6.1

Source: Terminal interviews, 2002.



Tools to improve the Continental terminal service can be developed
based on this chapter. To make the Continental container terminal – and
the transport service it forms part of – more competitive it is necessary to
offer a total service package, increase the already broad customer base, and
have increased quality checks. Single-mode transport is the reference point
on which the terminal operators base their price. They must ideally meet
the single-mode road transport price, or even better, be cheaper. A tool for
improvement for Continental terminal operators is to offer a ‘total service
assortment’. The total service, including pre- and end-haulage (logistics
solution) is important, not only the container handling. The competitive
position of Continental (mainly barge) terminals is stronger than that of
maritime and rail terminals. A large customer base and a broad service
package offers opportunities to make money. This already good competi-
tive position must be retained and enlarged where opportunities exist.
Some terminals measure quality performance, and others do not. It is not
possible to recover the extra quality control costs through higher prices.
Individualized attention and caring for customers may be as good as
making the effort to measure quality performance. Due to the limited scale
of Continental barge and rail terminals, it is often possible to work without
a professional quality performance measurement system. However, if the
container terminal grows larger, an automated system to monitor quality
performance might be implemented.

6.5 CONCLUSIONS AND FURTHER RESEARCH

Conclusion for Maritime Terminals

Critical internal performance improvement characteristics for terminal
operators are information and communication about transport channel per-
formance. In past transport research, average delivery time was judged to be
of main importance. According to terminal operators, ‘reliability’, in terms
of meeting container carriers’ demand, is thus a critical performance
condition for maritime container terminals. Measuring ‘total’ container
channel performance, through an increased number of terminal perform-
ance measures, might help to improve the reliability of container terminals.
Most maritime container terminals measure performance on the basis of
their terminal. Container carriers are interested in channel performance: is
container X reliably transported from point A to B in the agreed timeframe?
Internal terminal performance measures must therefore be extended with
external terminal performance measures. These external performance
measures measure the container carriers’ on-time performance. An external
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performance improvement characteristic might be ‘flexibility’. Through
strict contracts, all risks of delays and terminal berth congestion are passed
onto the terminal operator. This makes ‘flexibility’ a critical performance
condition.

Conclusion for Continental Terminals

A critical performance condition for Continental terminal operators is to
offer a ‘total service assortment’. The total service, including pre- and end-
haulage (logistics solution) is important, not the container handling only.
The competitive position of Continental (mainly barge) terminals is
stronger than that of maritime and rail terminals. A large customer
base and a broad service package offers opportunities to make money.
‘Reliability’ is a critical performance condition for Continental terminal
operators, especially for rail terminals, due to the great likelihood of dis-
ruption of the system flow, in the rail part of the transport chain. Barge ter-
minals, in order to determine their own quality, but also in order to
determine the total channel performance, monitor the start and the end of
the trip of a container. The interviews indicated that the main group of
barge terminals may be further advanced in measuring transport channel
performance than maritime and rail terminals. It is not possible to recover
the extra quality control costs through higher prices. Individualized atten-
tion and caring for customers may be as good as making the effort to
measure quality performance. Due to the limited scale of Continental
barge and rail terminals, it is often possible to work without a professional
quality performance measurement system. However, if the container ter-
minal grows larger, an automated system to monitor quality performance
might be implemented.

Further Research

The container terminal is very important in the transport chain and must
thus meet the transport channel requirements. Terminal quality measure-
ment should then be focused on the channel performance, besides the inter-
nal processes that must be good. Where possible, future quality research
might incorporate the transport channel perspective. Several customer
groups are involved in terminal services, this might require different services
with different quality requirements. These customer requirements must be
analysed in future research and confronted with the terminal operators’
judgements.
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7. Container handling in mainports: a
dilemma about future scales
Joan Rijsenbrij

7.1 INTRODUCTION

The ongoing expansion of world population, and the further economic
development of almost every country, maintain increasing cargo flows all
around the world. This globalization, along with the growing demands
from consumers and the economies of scale, are essential drivers in
container shipping and related container terminal operations and land
transportation.

Today containerization has expanded to a global door-to-door trans-
portation system with efficient 6000–8000 TEU (twenty-foot equivalent
unit) vessels, large high-tech terminals, intermodal, inland transportation
and computerized online information systems. Shippers and consignees are
increasingly demanding better performance, such as flexibility for last-
minute changes, a rapid response with fast deliveries and a perfect fit in
their logistics chains. However, reliability and low costs are the major issues
in door-to-door containerized transportation. Shipping lines have con-
quered the pressure on rates with the application of economies of scale to
their container vessels; ports and terminals followed with enlarged facilities
with improved productivity, and inland transportation responded both
with economies of scale (barge and rail transportation) and more efficient
planning (trucking) to avoid empty-leg operations.

In the late nineties, this drive for economies of scale has encouraged
many mergers and takeovers among shipping lines, terminal operators and
logistics service providers. But, nevertheless, severe competition and the
inability to control capacity have resulted in tremendous price erosions,
leaving a broad awareness to look for cost reduction. The pure shipping
costs have already been decreased considerably and therefore the focus on
cost reduction is more and more directed towards terminal operations. At
the same time, the introduction of large container vessels and the scrapping
of older (small) container vessels has made shipping lines demand enlarged
berth productivity and more flexibility to handle operational peaks.
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It is expected that volumes in container shipping will continue to grow,
despite some lower growth rates during 2002. From 2000 to 2010 the world-
wide annual growth in container shipping could range from 5–7 per cent
per annum, thus showing a doubling in the next 10–15 years.

The growing volumes, the increased vessel sizes and the demand for
increased performance at lower cost will encourage the realization of new,
larger and faster container terminals. Currently many ports all over the
world are projecting new facilities (for example Shanghai, Pusan, Tanjung
Pelepas, Norfolk, Algeciras, Southampton, Rotterdam, Bremerhaven,
Wilhelmshaven and Le Havre) and all decision-making bodies are con-
fronted with some major questions: how to design and construct the quay
wall, with what type of container cranes to handle the future vessels, which
gate systems to handle the inland flows in a secure way and what type of
automation to adopt to assure cost-effective handling in the future.

So, terminal operators, port authorities, governments and inland trans-
portation companies are challenged to expand and improve their handling
facilities and inland infrastructure and at the same time to provide a better
performance with even lower cost. Unfortunately they are faced with one
dilemma: what future scales can be expected, both for vessel sizes and
inland transport vehicles?

The (too) long preparation times for new facilities and infrastructure and
the long lifetime of the dominant assets in ports (access channels, quay
walls, terminals, road and rail systems) require action today in order to be
ready for tomorrow, with ongoing globalization and a projected world
population of 9 billion people by 2050.

7.2 TRENDS AFFECTING MAINPORT
DEVELOPMENTS

The development of mainports will be highly influenced by the trends in
global container logistics and the future demands of shippers, which con-
tinuously monitor the service levels and cost-effectiveness of their world-
wide supply chain. The following trends can be recognized:

● Container shipping volumes will continue to increase in the near
future. Yearly growth figures of 5–7 per cent are projected for the
coming years and that will create demands for more terminal capac-
ity both in handling (waterside and landside) and storage; some
terminals will be confronted with double-digit growth figures.
Especially in the Far East (China, Korea, India, Vietnam and so on),
considerable growth is expected.

110 Design and modelling



● Shipping will maintain the application of economies of scale, result-
ing in larger vessels, larger numbers of cargo per call (both for main-
line and feeder vessels) and enlarged peak demands. This necessitates
larger stack capacities and special attention for special cargo like
reefer-containers and break-bulk cargo. The increased volumes and
larger yard areas put high demands on internal transportation, where
many more movements must be processed over the existing infra-
structure.

● Shippers and consignees are requiring better services from the ship-
ping lines. This will increasingly result in service level agreements
between shipping lines and terminal operators. Guaranteed service
times for the delivery and receival of containers, guaranteed flows to
be handled and sufficient flexibility in case of peak demands must be
offered by the operator. Non-performance will result in penalties,
either collected by the shipping line or by the land transportation
companies. Railway companies and barge operators will demand
time slots in order to maintain (tight) turnaround schedules.

● The formation of alliances and still more mergers will decrease
the number of global players (shipping lines, shippers, logistics
providers). However, the remaining parties will try to improve their
buying power. Power play between the major carriers and shippers
will continue; the fast-expanding global logistics service providers
will become new players in this area.

● An increasing number of shipping lines are opting for dedicated faci-
lities including marine terminals, intermodal terminals and inland
depots. This may result in varying conditions for receivals and de-
liveries, gate handling, documentation, inspection and so on.
Shipping lines will attain more commercial interest in all major
worldwide mainports.

● Privatization (or financing with public money) will be further encour-
aged; however, the private sector shows some reluctance due to the
limited profitability of port investments.

● The continuing demand for port facilities and the awareness of the
scarcity and value of land for many applications (industry, housing,
infrastructure, leisure and nature) will cause an increasing scarcity of
land for port operations (terminals). This will result in growing
demands among terminal operators for better area utilization,
affecting stacking systems and landside services. In this respect the
development of satellite terminals will contribute to a better utiliza-
tion of mainport facilities. The dwell-time of containers at deep-sea
ports can be reduced and diverted to the inland satellite terminals.
All kinds of secondary services (Container Freight Stations (CFS),
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depots, repair, Value Added Logistics (VAL) services, security check-
ing) can be shifted to those inland terminals as well, and that will
benefit the utilization of high-cost facilities in deep-sea ports.

● Society is asking for more control over imported cargo entering the
country. All kinds of inspections are required, such as X-rays (to
detect drugs, illegal immigrants, illegal shipments), visual inspection
(to check quantities, packing, control of due taxes) and even product
tests (veterinary checks, bacteriological tests and so on). All such
activities require additional transportation (mostly to the edges of a
terminal), sometimes planned but often at random.

● All major ports will further improve their Electronic Data
Interchange (EDI)-based port community information systems. Web
applications will be further developed allowing for online informa-
tion and tracking and tracing of shipments. The planning of termi-
nal and inland transportation operations will be further supported
with more pre-information and real-time data sharing.

● A growing reluctance against trucking (fuel consumption, air pollu-
tion, noise pollution and scarcity of drivers for long-haul operations)
will encourage a further shift to rail, barging and coastal shipping.
Such modes require capacity for internal transportation, either in small
(one-by-one) quantities or in large blocks for last-minute handling.

● For the expansion of existing container terminals and for the plan-
ning and construction of new port facilities, the environmental issues
will increasingly determine the selection of location and the possible
speed of realization of such new facilities. Noise and emissions
reduction, avoidance of visual hindrance and the preservation of
nature and wildlife are the most prominent issues.

● Safety and sound working conditions will become an increasingly
important topic for port operations. The still increasing amounts of
hazardous cargo will get more attention from public regulatory
bodies. Labour unions will rightly ask for safe working conditions
and some participation in the daily decision-making processes.

● The last but certainly not the least trend is the strong drive for further
cost control. For many years the transportation industry has not
been very profitable (it is a buyers’ market) and despite the annually
increasing volumes and the economies of scale it is expected that the
near future will not show any improvement. So, cost control will
remain a major issue and probably will be diverted from the ocean leg
towards terminals and inland transportation.

The above trends will influence the container operations in mainports. The
dilemma for terminal operators, port authorities and port planners is the
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question about future scale, the uncertainty about the size of future hub-
and-spoke systems, and the concentration of shipping lines in a few large
mainports.

7.3 THE IMPACT OF INCREASED SCALE

The continuing growth in container shipments and the competitive climate
with the focus on service improvements and lower costs has fuelled the drive
for economies of scale. Scale developments can be clearly recognized in the
following areas:

1. Sizes of transport vehicles, such as seagoing vessels, barges, trains and
road trucks.

2. Sizes of terminals, both in throughput (that is, terminal dimensions)
and service performance.

3. The magnitude of information exchange and process control.

Waterborne transport has shown the largest scale developments
(Figure 7.1). Seagoing vessels carry twentyfold more cargo than 50 years
ago; motor barges and push-barge systems have only grown two to five
times. The developments in rail transportation capacity have been limited
with the exception of the USA, where the introduction of double-stack
trains (with train lengths up to 3 km) supported a modal shift towards rail
transport. Road trucks as well have showed little development with respect
to cargo-carrying capacity. Only a few countries allow three-TEU trucks
(the USA, Sweden). However, there is a tendency to accept three- and four-
TEU trucks on the roads under some specific conditions (Canada).
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Over the years the terminal handling capacity (throughput, normally
measured in containers or TEUs moved over the quay wall) has increased
from a few hundred thousand moves to about 5 million moves per terminal
at present. However, the majority of terminals were sized for a capacity
between 0.5 and 2 million moves (0.75 million – 3 million TEU). Scale
developments are seen in the terminal area (up to 200 ha) and the quay wall
designs. Equipment as well has been designed larger (loads almost doubled,
due to twin-lift operation) and especially quay cranes have been enlarged
with load moments rising from 600 ton-metres in the 1960s towards 6000
ton-metres nowadays. The handling and storage systems have been
enlarged tremendously. The control over the internal container movements
to carry hundreds of boxes per hour at the right time and to the right place
(scheduling, sequencing), has enlarged the labour organizations and their
management systems up to the limits of human capabilities. Some ter-
minals have already been divided into several smaller units which can be
better managed. The first automated handling systems have been installed,
which boosted the scales in planning and control systems.

Scale developments in container transport would not have been possible
without the impressive developments in information and communication
technology (ICT). Worldwide connections between information databases,
many Internet applications and a variety of identification techniques have
supported a large-scale development towards continuous tracking and
tracing of containers. This allows last-minute decisions in trade transac-
tions, scheduling of vessels and vehicles and terminal handling. Today’s
availability of high-capacity computer systems standardizes EDI messages,
and effective planning and management information software is a pre-
requisite for further increases in the scale of container logistics (Saanen
et al. 2000).

Vessel size developments have been dominant by far in the design of han-
dling facilities for mainports, a reason to review the impact of vessel sizes
in more detail.

Vessel Size Developments

The considerable lifetimes of container cranes (25 years), terminal quay
walls (50 years or more) and port entrances and breakwaters (100 years)
require long-term projection when it comes to the impact of future vessel
sizes and shipping lines’ demands on the design of terminal quay walls and
cranes.

Reviewing some recent publications on vessel size developments and
considering vessel size developments in adjacent shipping activities (for
example bulk materials) leads to the conclusion that 200 000–250 000 DWT
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container vessels should certainly be considered as a feasible size for a
ULCV (ultra-large container vessel). However, speculation about the most
likely size will probably continue and that explains why it is recommended
to use a range of characteristics for tomorrow’s container vessels (see
Table 7.1).

From these data the following requirements may be put to ports and ter-
minals in the future:

● minimum channel depth 20–23 metres;
● a turning basin of 600–750 m diameter;
● sufficient fendering and mooring facilities;
● call size (lifts per call) 6000–10 000 lifts, preferable to be handled in

24 hours;
● outreach for handling equipment about 70 metres from fenderface;
● lifting height (under the spreader) above water level 47–55 m,

depending on the ratio 8 ft 6 ins high/9 ft 6 ins high containers.

The arrival of vessel type I (12 500 TEU) is a fact; the application of the
much larger type II may take another 10 years. The introduction of such
large vessels does not only depend on technical demands (strength, avail-
able diesel engine, propeller dimensions). Scale benefits are not dramatic
when going from 8000 TEU towards 12 500 and 18 000 TEU, although the
savings in fuel consumption per slot may become of more interest. Other
factors will influence the selection of vessel size as well:

● risk of investing in vessel sizes with a limited area of application;
● a further concentration of container traffic in a few mainports

causing more complexity in logistics;
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Table 7.1 Characteristics of future type container vessels

Vessel characteristics Type I Type II

Vessel capacity (TEU) 12 500 18 000
Length overall (m) 375–395 400
Approximate deadweight (tons) 160 000 240 000
Beam (m) 55 65
Draught (m) 15–16 18–20
Speed (knots) 25 26
Containers across on deck 22 26
Tiers under deck 10–11 11–13
Tiers on deck 7 8



● reluctance from shippers to further concentration in the shipping
industry;

● the arrival of new ports close to the existing ones, stopping a further
growth in mainport sizes (see port planning in Korea, Japan, PR of
China, US West Coast, North-West Europe);

● the tremendous investments in port facilities required for 18 000 TEU
vessels, including the environmental constraints related to dredging
of entrance channels and port basins.

In September 2006, the first 12 500 TEU class vessel was introduced (see
Figure 7.2). The Emma-Maersk (officially 11 000 TEU, but unofficially
13 600 TEU) is the first of eight Maersk vessels for a Europe–Far East
service. It remains to be seen whether this type of vessel or even further
enlarged vessels will come into use in the next decade. In general it should
be questioned whether such large vessels will really contribute to a cost
benefit for the whole transport chain.
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Port and Terminal Developments

The possible future vessel characteristics and related handling operations
will put high demands upon infrastructure and superstructure of ports and
terminals. The long lead time of expansion programmes and the increasing
shortages of land and connecting infrastructure necessitates planning well
in advance, and making area reservations for such possible developments.
The rapid introduction of post-Panamax container vessels (see Figure 7.3)
has shown that many ports and terminals were insufficiently prepared to
accommodate these large vessels and their related operations. Only through
very costly modifications could many ports and terminals compensate for
their lag in providing facilities.

For long-term planning, ports should consider the following demands of
ultra-large container vessels:

● The access channel should provide sufficient keel clearance, so
20–23 m water depth will be required. Such a deep channel may
influence sediment depositing which could include additional (expen-
sive) regular dredging.

● A large turning basin will be required and powerful tugboats to assist
manoeuvring. Obviously, due to the required short stay in port,
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pilotage must be available 24 hours a day; a helicopter service for
pilots will be helpful.

● The mooring will require an increased fender system and even
upgraded bollards (maybe 100 tons per bollard) could be required.

● A redesigned quay wall will be necessary, not only because of the
increased forces from mooring, the larger quay cranes and the
increased water depth (approximately 20 metres), but also to withstand
the forces from enlarged power installed for bow and aft thrusters.

● There must be sufficient facilities to provide 10–15 000 tons of bunker
oil within 20 hours during berthing of the vessel.

● Due to the time pressure from such vessels there must be sufficient
(spacious) access to the vessel for maintenance and supply activities.

If terminals want to prepare themselves for services for the ULCVs, they
should meet the following demands:

● The berth productivity should be in the range of 275–375 lifts per
berth hour. A 24-hour stay in port may generate 8000 lifts that must
be handled in about 22 effective operating hours. Working with six
quay cranes, this will require a sustainable net productivity of 60–65
lifts per crane hour and that can only be realized if the technical crane
productivity is 100 lifts/hour (undisturbed cycle).

● There will be increased transshipment activities asking for more
internal movements in the terminal (repositioning in stack, trans-
portation to adjacent dedicated terminals), and more last-minute
decisions.

● The vessel stowage planning systems must be further improved due
to the large amount of boxes to be handled and the complex oper-
ations connecting feeder, barge and rail services, arriving just-in-time
(or even late).

● Enlarged stack capacity will be required to absorb the high volume
of discharged containers and some spare capacity in case of vessel
clashing. Unforeseen delays in vessel arrival schedules (due to bad
weather, vessel breakdown or whatever) will affect the storage capac-
ity. Special attention should be given to the space required for spe-
cials like reefer-containers, hazardous cargo, over-height (OH) and
over-wide (OW) containers and break-bulk cargo.

● Lashing will remain necessary if hatch-coverless vessels continue to
be rare species. The handling of SATLs (semi-automatic twist locks)
will require special attention and could easily become a major bot-
tleneck in performance improvements and automation of waterside
operations.
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● The probably increasing peak demands may require more flexible
work rosters and the availability of stand-by (part-time) employees
in case of sudden changes.

● There will come an increased need for efficient inland satellite termi-
nals, operationally connected to the major seaside terminal and pro-
vided with all kinds of secondary services (depot, repair, CFS, VAL
and so on) and even the possibility to store cargo in bonded areas.

A weekly vessel call with 6000–8000 lifts/call will result in 300 000–400 000
lifts (450 000–600 000 TEU) per year and that is only a one-day-per-week
operation (that is, costly underutilization). The terminal’s economics ask for
much more cargo and so the larger vessels will probably encourage (partly)
dedicated terminals with an annual handling capacity of about 5 million
TEU (compared to the 2 million TEU/annum operations of today).

Requirements for Container Cranes

One important component has not been mentioned: the container handling
cranes at the terminal quayside. The two most important influences of the
vessel scale development on the design of cranes are the increased dimen-
sions in order to handle the containers of the vessel and the required
increased handling capacity, which should be at least doubled.

The majority of mainport terminals are in the process of preparing
themselves for the type I future vessel (12 500 TEU) by just ‘beefing-up’ the
crane characteristics. Recently purchased container handling cranes have
the following characteristics:

● Outreach 60–65 m from centre waterside (WS) rail.
● Back reach 15–25 m from centre landside (LS) rail.
● Rail gauge 25–35 m centre to centre WS/LS rail.
● Lifting height above quay level 40–44 m.
● Lifting capacity up to 100 tons.
● Lifting speed full load up to 100 m/min.
● Lifting speed low load up to 200 m/min.
● Trolley travel speed up to 325 m/min.

However, these specifications will not fulfil the demands from vessels of
type II (15 000 up to 18 000 TEU). Future demands may increase with the
following specifications:

● Outreach 70–80 m from centre waterside rail.
● Lifting height above quay level up to 50 m.
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● Lifting capacity up to 125 tons (twin-lift, tandem-lift).
● Effective handling capacity 60–70 containers/hour, which asks for a

technical handling capacity of at least 100 containers/hour.

Related to this impressive upscaling, some aspects should be recognized:

● The enlarged cranes may require at least double the amount of power
supply (redundant).

● The increased height of the crane structure and the enlarged struc-
tural dimensions (Van de Bos and Rijsenbrij 2002) will increase the
total wind load, but at the same time the crane base will remain
almost the same as the vessel hatch spacing is still designed for
40–45 ft containers and so the preferred maximum crane width will
remain 25–28 m (resulting in a stability base of 16–18 m). Corner
loads may well increase towards 800 tons.

● The increased corner loads (and resulting wheel loads) and wind
loads will require much stronger quay wall designs, real heavy-duty
rail tracks and appropriate provisions for parking the cranes during
storms or hurricanes.

● Larger crane dimensions and no changes in trolley travel and main
hoist speed will result in larger cycle times for increased vessel sizes,
due to the longer trolley travel and hoist and lowering distances. The
number of handlings for a complete unloading or loading of one
vessel bay will increase from 300 lifts (Panamax vessel) to more than
800 lifts (ULCVs); however the technical crane productivity will
decrease from about 60 cycles to only 48 cycles (that is, lifts) per hour
(Luttekes and Rijsenbrij 2002).

● To compensate for the longer crane cycle times, single trolley cranes
are provided with increased drive speeds, to compensate for the
longer trolley travel or hoist distance. In order to minimize the add-
itional requirements for horsepower it is recommended to optimize
maximum speeds and maximum acceleration rates. An example is
shown in Figure 7.4.

● Another means to increase the effective crane productivity is the use
of twin-lift operations, which will result in a design load of about
75 metric tons (on the hoist cables). Further increases can be obtained
by the application of tandem-lift allowing the handling of two 40 ft
containers (and even four 20 ft containers). Figure 7.5 shows the result
of a research project of Stinis and Delft University of Technology,
based on a split head block and two long-twin spreaders.

It is doubtful whether beefed-up single trolley cranes will ever realize a
sustained average operational productivity of 45 moves/hr. Surely, the
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application of twin-lift, tandem-lift and dual cycling (that is, combined dis-
charge and load operation) will increase this figure to 60–75 boxes/hour.
However, only a part of the vessel handling volume can be operated with
these special handling techniques.

A quantum leap in crane productivity will ask for new crane concepts.
The first steps in this direction have been made through the introduction of
second-trolley systems (at ECT Rotterdam in 1979), a height-adjustable
main girder and the application of separate waterside and landside hand-
ling with a buffer in between for SATL handling and smoothing stochas-
tics (see Figure 7.6).
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Figure 7.4 Optimization of speeds (Stinis/TUD)
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More effective will be the use of special conveying provisions in the crane,
but still within the existing portal structures (Tax 1989).

Some concepts go even further: a crane structure adapted to innovative
new functionality to satisfy the need for 100 lifts/hour technical handling
capacity (see Figure 7.7).

The Carrier Crane is another recent development using two waterside
trolleys (rope-driven) which position containers onto moving carriers. In
addition, traversing motions in the trolley avoid crane gantry travel for
small positioning displacements and to handle 20 ft containers in 40 ft cells
(see Figure 7.8). The carriers provide a buffer function integrated into the
crane cycle and the landside trolley can even be designed for a double-hoist
capability.

In fact these types of cranes must be considered as the combination
of two cranes in one stable structure. The operational performance can
be 75 moves/hour and even higher when using twin-lifts. The quiet and
controlled way of operation will result in a steady flow of containers,
being an advantage for the connecting transport system to the stacking
yard.

The arrival of much larger container vessels (type I or even type II) will
require a doubling of the net average productivity and that is impossible
with the single trolley cranes presently in use.
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Figure 7.6 Separated crane functions, including a buffer (CTA Hamburg)



The above consequences of increased scales have not yet been fully evalu-
ated. A substantial increase in container vessel capacity will have a tremen-
dous impact on the required investments in ports and terminals and could
well result in higher operating costs for the overall transportation chain.

7.4 DEVELOPMENTS IN TERMINAL HANDLING
SYSTEMS

The introduction of post-Panamax vessels (4500–8000 TEU) took place in
a very short period of time (between 1989 and 1996) and within five years
around 50 ports and their terminals had to realize large investments, not
only in quay walls, cranes, handling systems and terminal area, but also in
the connecting infrastructure. A considerable number of cranes had to be
replaced or extensively modified to cope with the new demands from these
post-Panamax vessels. Ports and terminals had to absorb a lot of extra
costs related to early replacement, well before the end of the technical life-
time of the existing assets.

On top of that the larger volumes asked for more handling capacity and
an increased performance at both the waterside and landside. In addition
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all the partners in the transport chain expected cost reductions as a basic
driver from the introduced economies of scale in liner services. Many ter-
minals struggle with the balance between performance and cost. Moreover,
the dominance of waterside operations diminished and nowadays there is
much more focus on landside operations.

The introduction of large scales has resulted in various developments in
terminal handling systems for waterside and landside operations.

Waterside Operations

Here the larger vessels have caused larger peaks in hourly handling capac-
ities (moves per hour over the entire quay wall) and the following develop-
ments can be recognized.

The longer transportation distances between quay cranes and enlarged
stack areas (more stochastic) and the increased quay crane handling pro-
ductivity has resulted in a demand for more transport capacity connected to
the cranes (Rijsenbrij 1979). In some mainports five to seven terminal trac-
tors per crane are required and that is an expensive operation. Some ter-
minals use straddle carriers for the transport (and stacking) between quay
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Figure 7.8 Carrier Crane designed for 100 lifts/hr



crane and stack and for those operations dynamic order control systems
were introduced. In these order-planning systems the transport equipment
is directed to cranes based on algorithms referring to crane demand, mini-
mized transportation distance, minimized waiting and so on. Basically the
order processing is focused on a guaranteed waterside performance with
minimized costs.

It is expected that such control systems for the pooling of equipment will
be further developed to attain better equipment (and manning) utilization.

The increased stacking height at the vessel decks made labour unions and
safety boards decide to reject container-lashing activities on board. The
introduction of semi-automated twist locks (SATLs) indeed supported
safer handling. However, it also caused extra complexity in the waterside
handling process, including additional labour. This SATL handling and the
related handling of storage bins will remain a major hindrance to further
productivity improvement of waterside operations.

Stacking operations will be further focused on improved area utilization,
easy response to last-minute changes, and cost-effectiveness. Pioneering
terminals like ECT Rotterdam, HIT (Hong Kong), Thamesport (UK) and
PSA Singapore started the introduction of rail-mounted gantry cranes
(RMGs) and overhead bridge cranes (OBCs) and this trend will cer-
tainly continue. Rail-mounted cranes (RMGs and OBCs) can be auto-
mated with proven technology and can be electrically powered (to avoid
pollution). A proper load control (sway control) and reliable automated
positioning are essential requirements for these cranes. Present and
future technology can fulfil these requirements and thus this type of equip-
ment is attractive for increased stacking demands. The higher initial invest-
ments can be compensated for by their longer lifetime and automation
potential.

Automation is becoming an attractive approach in the design of hand-
ling systems to control the increased scales at reduced costs. Since ECT
started its robotization project at the Delta Terminal in 1988 a number of
terminals have implemented robotized yards (Rijsenbrij 1996). However,
only ECT Delta Terminal (commissioned in 1993) and Container Terminal
Altenwerder (commissioned in 2002) operate a completely automated
system for both the waterside transportation and stacking of containers
(see Figure 7.9 and Figure 7.10). The experience with automated guided
vehicles (AGVs) and automated stacking cranes (ASCs) is promising for
further developments in this field. Some terminals and manufacturers con-
centrate on the automation of straddle carriers and shuttle carriers.
However, straddle carriers are less attractive for high-density stacking (nec-
essary for increased throughputs) and automated shuttle carriers still have
to prove the same reliability as shown by AGVs today. The development of
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Figure 7.9 Automated container handling ECT Rotterdam, 1993

Figure 7.10 Automated container handling CTA Hamburg, 2002



control software is a major issue for automated operations and here the
support from simulation models will become a valuable tool in the design
of efficient control algorithms that can cope with the dynamics of terminal
handling operations.

Further scale developments will definitely change the terminal handling
systems towards more automation and an increased application of control
software and communication technology.

Landside Operations

Services to the landside terminal connections are getting more attention.
The truckers’ turnaround time and the maintenance of schedules for barges
and trains are becoming more important when volumes are growing and
inland transportation costs must be controlled.

Mainport terminals are confronted with a variety of influences beyond
their control, such as:

● liaison activities from agents, brokers, shipping lines and so on;
● the average dwell-time of containers: often more than four days for

full containers and even 14 days for empty containers;
● stochastic arrival patterns (especially for trucking);
● insufficient (or no) information on connecting modes, expected deli-

very date;
● daily peaks caused by priorities in rail networks and trucking pat-

terns;
● late arrivals and last-minute changes;
● a short closing time (for export cargo) and a demand to deliver con-

tainers 1–2 hours after landing the box at the terminal;
● many non-standard containers (reefers, OH, OW, odd-size);
● Customs regulations and directives for hazardous cargo;
● security checks for containers, which might contain illegal cargo.

Nevertheless the operator should deliver an agreed service level and that
boils down to three major issues: sufficient storage capacity in the yard, a
flexible handling capacity to support landside operations and a proper gate
complex.

The selected landside terminal handling system and its characteristic
average cycle times and cycle time distribution for the handling equipment
determine the service level offered to landside operations. The application
of RMGs and OBCs requires a proper balancing between stack sizes and
numbers of cranes per stack. When using straddle carriers or reach stack-
ers it enables the operator to put in more equipment under peak conditions
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(which may occur daily, for example in the afternoon), but the equipment
and operators to drive it must be available.

For larger operations it is recommended to create simulations for these
landside operations in order to determine the required amount of equip-
ment and to analyse influences from interference of waterside priorities,
filling degree in the stack, stacking equipment characteristics (speeds, accel-
eration or deceleration) and stack layout. For manually operated stacking
systems it should be noticed that in general the performance per stacking
machine decreases when more machines are working in the same area. The
service times from stacking equipment are influenced by the number and
locations of interchange areas. Here the advantage of many interchange
areas (close to the location of the stacked container) results in more con-
necting infrastructure and that may cause unacceptable extra cost (or some-
times the land is not available). A final selection for a stacking system
should be based on a total cost approach and a quantitative definition of
the required service levels.

Some developments in landside operations are focused on a faster pro-
cessing of large volumes per hour and with less labour involved. The fol-
lowing ones are of interest.

Gate Operations with Increased Automation

Especially for terminals dominated by trucking at the landside (the US East
Coast, the Far East, the Mediterranean) gate handling is of growing
importance. Gate design includes sufficient parking and traffic lanes, a con-
trolled processing time in gate lanes, exception handling of truckers with
incomplete documentation, the integration of Customs and security acti-
vities, and dedicated lanes for special functionality (empty containers
(MTs) and trucks without chassis (Bob Tails)).

It is well known from queuing theory that the demand for waiting
(parking) is largely determined by the processing time in a lane. The gate
process comprises: container identification (ID) (ID number, type-size
code, CSC plate), checking of the container weight (a questionable activ-
ity due to many uncertainties), checking of tractor and chassis licence
plate, seal checking and trucker’s identification. Security is a major item in
the gate process. The terminal’s liability requires a 100 per cent certainty
that the right container is picked up by the right trucker. In many places
the driver is identified by checking his face and driver’s licence (meanwhile
respecting his privacy) or by checking some unique characteristics like
hand shape or iris. When truck drivers have to come to an office before
entering the gate this security check can be centralized, and after checking
the presented documentation, the truck driver may receive a unique
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process ID card (magnetic or chip), which can be used as a process trigger
during the entire receival or delivery process through the gate and in the
terminals.

The application of tag readers, digital cameras and sensors has been initi-
ated to automate gate processing (Maher Terminals, PSA, ECT, Hessenatie,
see Figure 7.11).

Some terminals have already reduced their gate processing time to less
than 30 seconds. Further progress can be obtained when the shipping world
decides on more standardization for tags at the containers (ID number,
type-size code, operator) and electronic seals. The radio-frequency identi-
fication (RFID) technology looks promising for these types of identity
checks.

Automated Handling of the Truck Interface

The existing automation of stacking cranes and some trials with automated
straddle carriers promise a further automation of landside pickup and
deliveries to road trucks. Remote control is already used (Thamesport,
PSA) and further applications are under development. In such applications
one operator will be able to control (remotely) four or even more stacking
cranes, and this is an interesting cost saving.
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Figure 7.11 Automated gate at Maher Terminals USA



The next step could be to include the truck driver himself in the process
of lowering a container onto his chassis or connecting a spreader to his con-
tainer. The simplicity of today’s crane control features and maybe some
training could eventually result in a truck driver-operated crane. The first
applications are already in use for internal movement tractors.

Automation of the landside handling will not be limited to large-scale
operations. Some manufacturers have developed downscaled automated
stacking systems, which will be attractive for medium-sized and small ter-
minals with high labour cost (see Figure 7.12).

Partnership Between Trucking and Terminals

A further cooperation between large trucking companies and terminals will
allow for a better exchange of information and the announcement of an
estimated time of arrival in advance. In this respect gates for public traffic
control and/or road pricing stations could be used to process data from
truckers to the terminals in advance.

Another challenge is to integrate the logistics from shippers and truck-
ers in the landside stack planning. There are some examples in the indus-
try where truckers plan their next day’s workload based on the consignee’s
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Figure 7.12 Automated handling at landside interface



demands and on the terminal stack layout and this helps to prevent false
moves.

Gate Process Redesign with Reduced Inspection Activities

Shipping lines are increasingly aware of the tremendous costs related to the
frequent inspection of equipment (container, chassis). Equal to develop-
ments in the rent-a-car business, the future might bring less physical inspec-
tions. Digital imaging from containers and storing such images over a
two-month period should be sufficient to have proof in case of severe
damage (under liability clauses).

Cooperation with Satellite Terminals

The increased inland container flows have supported the introduction of
daily shuttles (by barge and/or rail). A partnership between deep-sea ter-
minals and some major inland satellite terminals will allow the movement
of containers directly after discharging or one day before loading. This will
improve the dwell-time at the deep-sea terminals, will decrease transporta-
tion cost (through high utilization of transportation equipment) and will
give better service to truckers (faster turnaround) and shippers (who can
order the delivery of containers at shorter notice and with a better pre-
dicted time of arrival at their plant). The full benefit of satellite terminals
for the improvement of landside operations can only be obtained when
there is a strong operational coordination and a 100 per cent information
exchange between deep-sea and satellite terminals.

Train Shuttles, Every Hour on the Hour

The tendency to shift towards rail transportation will probably
continue. Larger volumes require more trains which must fulfil proper
train scheduling. Train shuttles between mainport terminals, satellite ter-
minals and other inland destinations can be run efficiently when the train
is operated as a fixed set of wagons with minimal requirements to con-
tainer weight and so on (to ease the planning of trains). Increasingly, ship-
ping lines, terminals and logistic service providers operate such shuttles
and a further privatized rail network will support better and faster rail
services.

Obviously the above-mentioned trends, developments and influences will
be affected by increasing volumes and peak demands. Mainports are in the
process of reconsidering their service products, but the uncertainty about
the future scales in operations hamper their decision-making.
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7.5 THE DILEMMA

Since 1995, the rapid introduction of much larger container vessels forced
ports and terminals to invest in new facilities, although the old ones were
still in good shape and not fully depreciated at all. And again, a new wave
of investments will be required to accommodate container vessels of 12 500
TEU capacity, now introduced to the market.

At the waterside, access channels, water depth before the quay wall, quay
wall strength, container cranes and handling system must be enlarged or
increased, but will there be sufficient volume and revenue for a sound
payback period?

On the landside, gate systems must be improved, the arrival of three-
TEU or four-TEU trucks need redesigned interchange areas, and the larger
and more frequently arriving shuttle trains ask for larger shunting yards
and on-dock rail facilities with more handling capacity. Again, where is the
profit from these investments?

That is the dilemma for ports and terminals. Their long-term continua-
tion requires a profitable operation but the competition between shipping
lines, terminal operators, shippers and consignees, and inland transporta-
tion companies is increasingly asking for more services with eroding
margins. Basically, ports and terminals can follow two alternatives: a
service-driven or a cost-driven approach.

Service-Driven Approach

In this philosophy the focus is on berth performance, fast turnaround times
and maximum flexibility, regardless of the size of vessels, trains, or barges
and the stochastic nature of arrival patterns and port capacity demands.
Vessel arrival and truck arrival are the most difficult to cope with. The
ability of peak handling will result in underutilized (costly) handling capac-
ity. Last-minute changes, fluctuations in flow density and frequent delays in
arrivals will cause extra costs for the operator. Service guarantees, fixed
time slots, guaranteed hourly productivities under all circumstances and
related penalties for non-performance will result in a surplus of available
capacity and thus increased costs.

Cost-Driven Approach

Observations using activity-based costing have revealed that ports and ter-
minals should strive for a sound cost–service ratio at both waterside and land-
side. In this case the terminal operator is looking for predictability, a spread
of the workload over the day and a 100 per cent quality of information to
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allow pre-planning and avoidance of false moves. Waterside and landside
operations are carefully balanced (waterside peak demands are marginally
compensated by landside capacity) and flexibility and guaranteed service are
limited to support a smooth cost-effective operation with a maximum uti-
lization of manning and assets.

So, What is the Choice for Mainports?

Should they follow every scale development and remain attractive for ship-
ping lines and transportation companies, but with a severe risk of financial
losses from under utilization and uneconomic depreciation, or should they
strive for maximum profitability with fully utilized assets and no asset
replacements before the end of the technical economic lifetime, although
this may result in the loss of customers and thus financial losses as well?

This dilemma can be conquered with a partnership between the major
participants in the door-to-door transportation chain. Scale steps should
be scheduled well in advance (release planning), to allow a slow, prepared
growth in the size of facilities. Required services should be quantitatively
specified and peak demands should be reasonably rewarded. All parties
involved should support a 100 per cent exchange of quality information
and reliable forecasting.

Finally, what is the optimal size of scales? In transportation it is definitely
not the unilateral approach of one participant (for example the shipping
line) to the detriment of all the others in the chain. Mainports are currently
in the process of preparing and adjusting their handling systems for the
15 000 TEU vessel, an effort that will take 2 to 5 years; hopefully the next
step in vessel size will not be one bridge too far from a total cost point of
view for the entire door-to-door logistic chain.
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8. A technical approach to the Agile
Port System
Klaus-Peter Franke

8.1 INTRODUCTION

Container ports are breaking points in the intermodal transport chain. To
absorb differences in arrival and departure time and quantity between
ocean flows and inland flows, often due to a lack of information about the
next step of the journey, containers have to be stored on shore (Figure 8.1).
This requires sufficient internal transport and stacking crane capacity to
cope with peak demands (Kreutzberger 1999).

With average dwell-times per container of several days (for example six
to eight days in US marine terminals depending on the location of the port;
Vickerman 1999) and vessels becoming bigger and bigger (Figure 8.2),
storage in container ports is demanding more and more space and driving
ports to their spatial limits. As a result, there are endeavours to shift storage
facilities from ocean harbours to inland facilities. Examples are the US
Agile Port System proposal for large container flows, to be further
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discussed in this chapter, as well as the European Commission (EC)-funded
Asapp-One project for smaller container flows in urban areas (N.N. 2001).

8.2 OUTPLACING STORAGE FACILITIES FROM
OCEAN HARBOURS: THE AGILE PORT SYSTEM

Some years ago a multi-year research project was launched by the
US Transportation Command (USTRANSCOM), the US Maritime
Administration (MARAD) and the Center for Commercial Deployment of
Transport Technologies (CCDOT) resulting in a proposal, known as the
Agile Port System (Vickerman 1999), to split a container port into an
Efficient Marine Terminal (EMT) ashore and an Intermodal Interface
Center (IIC) inland, connected by a dedicated railway line.

The idea behind the Agile Port System (Figure 8.3) is to:

● handle as many containers as possible between vessels and trains
without storing them in the EMT;

● transport containers immediately between EMT and IIC by train;
● sort containers between trains according to their final destination,

the IIC being favourably linked to several marine terminals in order
to increase service frequency (Kreutzberger 1999);
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Figure 8.2 Some of the world’s largest container quay cranes serving
Maersk S-class vessel in the Port of Rotterdam



● load and unload trucks which serve the region nearby, inland at the
IIC.

8.3 ADDING EFFICIENCY TO REDUCED LAND
REQUIREMENTS: THE EFFICIENT MARINE
TERMINAL

The Efficient Marine Terminal as proposed by the US consortium operates
like a conventional marine terminal, but features a rail interface instead of a
conventional yard. Vessels are unloaded at the EMT and yard vehicles trans-
port containers in much the same way as they are carried now (Figure 8.4),
but the containers are then loaded directly onto trains in the yard. Some
buffer storage would be provided in a separate area, but most of the con-
tainers would leave the terminal directly. The main idea behind the logisti-
cal concept of the EMT is to load and unload large vessels on a reduced
area of land with minimal impact on the inland public traffic system and
the environment (Avery 2000a).

In addition, the EMT concept developed by Noell Crane Systems is tar-
geted on maximizing port productivity by transshipping boxes directly
from vessel to trains and vice versa at the quay.

The proposed solution (Figure 8.5) features a combination of improved
semi-automated ship-to-shore cranes (STS), semi-automated cantilevered
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Figure 8.3 The Agile Port System: splitting marine container ports into
two parts
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rail-mounted gantry cranes (RMG) and a box mover based on rail-
mounted automated shuttle cars driven by linear motor technology
(LMTT), to be described in detail further below.

Drawing on its experience of the innovative quay cranes with lashing
platform (Figure 8.6) in Hamburg (HHLA), the test site for gantry crane
automation in Würzburg, and the LMTT pilot installations in Hamburg
(Eurokai) and Würzburg, Noell improved the original EMT concept by
incorporating the following features:

● Single trolley ship-to-shore cranes able to unload containers to a plat-
form in the quayside portal, where the twist locks from deck con-
tainers can be removed.

● A conveyor to move containers from the lashing position on the
platform to a second position underneath a RMG cantilever, which
could be extended to provide additional buffer-space. The idea of
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Figure 8.4 Straddle carrier on duty at the container terminal at
Hessenatie NV, Antwerp, Belgium



integrating a conveyor into a quay crane as a dynamic buffer for con-
tainers is not new. It was realized years ago by Matson Terminal, Los
Angeles.

● RMGs that operate under the portal of the ship-to-shore cranes,
covering for example four rail lanes and a three-lane wide box
mover.

● Two extra service lanes under the lashing platform of the STS.

The big advantage of this concept is that yard transfer vehicles are not
required, saving a great deal of machinery and labour, which, it should be
remembered, is not particularly cheap in the Western world. When serving
the vessel, one duty of the RMG would be to take containers from the
platforms and place them on the linear motor-based transfer system or
the rail cars on the shortest possible way and vice versa. The linear motor
lanes could serve additional RMG loading and unloading along the trains
as well as a buffer stack where this is required. The linear motor system
would allow boxes being out of sequence to be held aside and shuffled
without interrupting the ship-to-shore import–export cycle. Five to eight
RMGs could service five ship-to-shore cranes between them (Avery
2000a).
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Figure 8.5 Noell design of the Efficient Marine Terminal: Direct handling
of containers between vessel and trains



8.4 BUNDLING OF RAIL-BOUND CONTAINER
FLOWS INLAND: INNOVATIVE HUB
TECHNOLOGY

Intermodal Interface Center

The Intermodal Interface Center as proposed by the US consortium
operates like a conventional rail terminal, performing either rail transship-
ment (without using an efficient sorting facility) or train/truck transfer
(Figure 8.7).

In addition, the IIC concept proposed by Noell Crane Systems is tar-
geted on maximizing node productivity by featuring a combination of
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Figure 8.6 Lashing platform of one of the double trolley quay cranes at
terminal Burchardkai, HHLA, Hamburg, Germany



semi-automated cantilevered rail-mounted gantry cranes and again a box
mover as it is to be used in the EMT. This innovative MegaHub technol-
ogy, as it is known, was elaborated on behalf of Deutsche Bahn (German
Railways) for bundling Continental container flows (Franke 1997) and the
plan is to implement this technology near Hanover (Lehrte) in Germany
(Figure 8.8).
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Figure 8.7 Rail-mounted gantry crane serving trains and hustlers at the
APL terminal in Los Angeles

Figure 8.8 Intermodal Interface Center (MegaHub): transshipment
instead of shunting



MegaHub

The MegaHub production system for container trains has been devel-
oped for the transportation of container volumes that are currently con-
sidered too small to make it cost-effective for direct train carriage (Avery
2000b). The benefits of this system to the railway network have been
described in the EU research project TERMINET (TERMINET
Consortium 2000b).

Initially all containers are loaded onto the train, including those not
scheduled for the train’s particular destination. These are then offloaded
once the train has stopped at the MegaHub and loads from other trains
intended for the first train’s specific destination are loaded on. The con-
tainers have to be loaded in groups according to destination, but shunting
is not necessary.

Different proposals for the design of a MegaHub have been made
in response to a design contest arranged by Deutsche Bahn in 1995
(Kortschak 1997; Fabel and Sarres 1997). The winner of the contest in tech-
nical and economical terms was the Noell MegaHub concept. Even though
many years have passed, no technical alternative has been proposed since
then.

At the MegaHub the actual transfer is undertaken on a surface covering
an area as small as 730 m � 80 m, at a rate of up to ten ITU (intermodal
transport units, either a container or swap body) per minute between ded-
icated trains. The storage capacity is a maximum of 270 ITU, but can be
enlarged. Each transfer is carried out using electrically powered and semi-
automated cantilevered yard gantry cranes (Figure 8.9) which span the
transfer area and are able to lift to and from road vehicles, railway wagons,
shuttle cars and the storage area.

The first MegaHub in Lehrte is planned to consist (in its initial state) of
three semi-automated gantry cranes and about 12 fully automated shuttle
cars controlled by an overall computer system. The transfer by crane is best
done while the crane is travelling over very short distances. Long-distance
travel is carried out by linear motor-driven shuttle cars, which can move
along or across the sorting area (this is on one level only).

The outstanding feature of the MegaHub system is the modular con-
struction using classic transfer technology. Put another way, if a very high
performance level is not required, fewer gantry cranes and shuttle cars may
be used. It is even possible to first store boxes flat at the location where, later,
the runway for the pallets can be installed. For higher performance require-
ments it is possible to add extra cranes and to integrate the pallet system.
The modular concept stands for economy even though the transport figures
should not be too high when introducing this technology.
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In January 2000, the results of a feasibility study (TERMINET
Consortium 2000a) for the MegaHub concept, which formed part of the EC-
funded TERMINET project (TERMINET Consortium 2000b) were pre-
sented to an expert hearing arranged by the German Social Democratic Party
at the new Reichstagsgebäude in Berlin (Franke 2000). The focus was on the
MegaHub’s main advantages: using transshipment to eliminate shunting,
increasing handling speed and minimizing land area and cost per transfer.

When shunting is eliminated, generally the handling speed is increased
remarkably (Figure 8.10). Handling six trains of 40 wagons with 64
Intermodal Transport Units (ITU) on each train takes five hours and
20 minutes using a shunting yard. By using a MegaHub with ten gantry
cranes and 40 shuttle cars this can be reduced to just one hour and ten
minutes. In the case of the shunting yard of Metz-Sablon, where most con-
tainer trains of the ICF Quality Net service are shunted, this enables the
number of ITU handled to be increased from 1120 per day (the maximum
capacity of the existing shunting yard) to 2500 (the maximum capacity of
the MegaHub using six gantry cranes and 15 pallet wagons).

The high performance of a MegaHub with up to ten gantry cranes
and up to 45 pallets running together has been proven by simulation in two
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Figure 8.9 Cantilevered rail-mounted gantry crane at the intermodal
terminal in Basel/Weil, Germany



( y )

independent doctoral theses: Dr Peter Meyer’s at the University of Hanover
(Meyer 1999) and that of Dr Knut Alicke at the University of Karlsruhe
(Alicke 1999).

The cost savings are equally impressive (Figure 8.11). In the case of Metz
the operational cost per move range from €5.50 (three shifts, 870 000 visits
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Note: Remark: 290000 T/a equal to 500 wagons or 800 ITU/shift

Figure 8.11 Case study MegaHub Metz: operating costs
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per year) to €7.75 (one shift, 290 000 visits per year) with minimum per-
sonnel required. By comparison, the cost of handling 700 wagons per day
(1.6 ITU per wagon) in the existing shunting yard at Metz in France is esti-
mated to be €20 per ITU.

As far as total costs are concerned, a MegaHub in Lehrte (ten gantry
cranes, 40 pallet wagons) able to handle 3600 wagons carrying 5760 ITU
per day is estimated to require an investment of €105 million, of which
€60 million is for superstructure. The cost of shunting infrastructure to
handle the same throughput at the Munich Nord One facility was €250
million.

Aside from the impressive cost savings, perhaps the MegaHub’s greatest
advantage for the future is the minimal amount of land required. Taking the
Lehrte–Munich Nord example again, the Munich site needs 130 ha on which
to handle 3600 wagons per day, compared with just 10 ha for a MegaHub.

8.5 HIGH-CAPACITY BOX MOVER FOR
COLLECTION AND DISTRIBUTION ALONG
THE TRAINS

Part of the Efficient Marine Terminal as well as of the Intermodal Interface
Center (MegaHub) is a horizontal transport system for the sorting of boxes
along the trains featuring linear motor-based transfer technology. Due to
heavy obstruction, there would be no efficient container handling possible
without such a horizontal transport system when loading and unloading
trains by several gantry cranes using the same track.

Linear Motor-Based Transfer Technology (LMTT)

Generally the fully automated horizontal transport system consists of a
system of tracks running parallel and at right angles to one another. Fully
automatic shuttle cars are conducted lengthwise and crosswise along these
tracks (Figure 8.12). What makes the system so attractive for applications
in container terminals (Franke 2000) is the wagon’s ability to turn at right
angles by moving the wheels by 90° instead of turning the whole wagon.

The shuttle cars are rail-mounted and bi-directional (straight ahead and
sideways). They comprise a base frame and a loading platform that is
capable of carrying loads up to 41 tonnes, which may well be increased to
54 tonnes for twin-lift operation. They are also equipped with double wheel
sets that can be rotated 90° for the carrying and guiding functions. In add-
ition, permanent magnet strips have been installed for the transmission of
the driving power (Figure 8.13). The units for drive (linear motors) and
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position detection are integrated into the runway. The control system is sta-
tionary.

The runway may consist of ordinary UIC 60 rails, mounted on steel twin
sleepers. To make it possible to turn the wheel sets (of the shuttle cars), a
circular steel surface with transverse guides has been fitted at the crossing
points, that is, the intersections of the longitudinal and transverse travel-
ling rails (Figure 8.12).
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Figure 8.12 LMTT pallet wagon propelled by electromagnetic force

Figure 8.13 LMTT – Position detection system
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A major advantage is that the chassis does not need an engine, brakes,
gears, a Programmable Logic Control (PLC) or sensors. The shuttle cars
are driven by means of contact-free linear synchronous motors, which are
distributed over the track according to the requirement of driving force.
They act on the magnets located on the underside of the shuttle cars. It is
possible to set a variable speed by means of a mobile electromagnetic field,
generated using a frequency converter. A contact-free actual position
detection system (Hall sensors) is integrated into the runway and responds
to the individual magnets located on the shuttle cars. This enables the
absolute position of the shuttle car to be determined and supplies the input
values required to ensure that the linear drives are supplied with power and
switched over in the correct order.

The shuttle cars move at 3 m/s with an acceleration of 0.3 m/s2 and can
be positioned with an accuracy of �/� 3 mm. With so few moving parts,
maintenance costs are kept to an absolute minimum and no fossil fuel is
required (Bauer 1998).

The linear motor-driven transfer technology was initially developed with
funding from the German Ministry of Research, BMB�F (Consortium
1997). Between 1995 and 1998, test and demonstration plants (on a scale of
1:1) were set up at the Port of Hamburg, Eurokai (Wölper and Huth 1997),
at the headquarters of Noell Crane Systems GmbH in Würzburg (both in
Germany) and on the plant grounds of Noell Crane Systems (China) Ltd.
in Xiamen.

Simulation of the Box Mover Based on LMTT

Each EMT (Figure 8.5) and MegaHub (Figures 8.8, 8.14), features two
runways for longitudinal travel in parallel to the trains: one runway for each
direction, plus one transfer lane between with access from both runways by
a ‘sidewards step’ of a shuttle car. The transfer lane is also used for parking
and loading and unloading of the shuttle cars by the gantry cranes. Each
of these box movers is no wider than 13 m and about 700 m long.

Of course it is of high importance to know how many shuttle cars are
necessary to fulfil given transport requirements and whether there might be
deadlocks or not.

The modelling of the box mover as well as the simulation was done by
using a version of SCUSY (Simulation von Containerumschlag-Systemen)
software, which was developed by the ISL (Institut für Seeverkehrswirtschaft
und Logistik) in Bremerhaven. This software was upgraded by adding an
LMTT software module. This version of SCUSY enables the programmer to
design the layout of the horizontal transport system easily by choosing from
a software library of standardized runway modules (uni- or bi-directional,
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longitudinal or transverse, crossings) which may be further specified to a
certain extent. It is important to say that the LMTT software module fea-
tures traffic regulations at crossings as well as distance regulations between
vehicles following each other, while taking into consideration realistic kine-
matics and time requirements for positioning of the vehicles.

The simulation (duration � 100 min) was based on the following
assumptions:

● Transshipment of boxes between six trains, each of them being 700 m
long.

● Random distribution of boxes between trains.
● Sequential entry and exit of trains are unconsidered.
● Layout of the box mover (700 m � 13 m) as described above

(Figure 8.15).
● Access to loading or unloading position by shuttle cars only from one

of the two runways possible (no trespassing).
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Figure 8.14 MegaHub application of box mover

Figure 8.15 Layout of box mover based on LMTT (MegaHub)



● Shuttle cars dedicated to selected transport relations.
● No optimization of empty run of shuttle cars.
● Geometry and kinematics of the shuttle cars derived from the

MegaHub Lehrte project.
● Fixed length of work area per (gantry) crane is 700 m/no. of cranes

(see Meyer 1999; Alicke 1999 for variable length of work areas).
● No obstruction by neighbouring cranes (see Meyer 1999 for obstruc-

tion by neighbouring cranes).
● Geometry and kinematics of the gantry cranes derived from the

MegaHub Lehrte project.
● Transport requirement � number of visits per time unit (� boxes/100

min).
● Differentiation between direct and indirect (via box mover) trans-

shipments.
● Number of visits � number of direct � number of indirect trans-

shipments.
● Number of direct transshipments � 38 � approx. no. of visits /

number of cranes (see Alicke 1999).
● Number of cranes and number of shuttle cars are subject to change.

The outcome of the simulations is condensed in Figure 8.16, which shows
the relation between transport requirements (boxes to be transshipped
between trains within 100 min) and number of cranes and shuttle cars to
do the job.
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Figure 8.16 Outcome of SCUSY simulation (100 min)
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Based on the assumptions above it is possible to do a maximum of
approximately 360 (� 6 � 60) direct and indirect transshipments between
six trains by operating ten gantry cranes, which means to completely inter-
change boxes between trains having a capacity of 60 boxes each within
100 minutes.

By doing maximum performance 360 (1–1/10) � 324 boxes have to be
moved by 40 shuttle cars. As a rule it can be said that four shuttle cars are
needed to serve one gantry crane in such a MegaHub application.

8.6 CONCLUSIONS

In order to overcome spatial limits in marine container terminals there is a
demand to split ports into an Efficient Marine Terminal (EMT) part ashore
and an Intermodal Interface Center (IIC) inland, both connected by a ded-
icated railway line (Agile Port System).

By decoupling vessel- and train-side container handling at the EMT
there is a technical solution available to transship containers between vessel
and train and vice versa directly at the quay without a loss in performance.
As soon as trains are loaded, import containers may be transferred by rail
to the IIC. There they will be rearranged between trains according to their
final destination or transferred to trucks for distribution. Export contain-
ers will be dealt with accordingly in the opposite direction. Instead of
storing empties and import boxes at the sea terminal these boxes may be
stored near the customer at the begin or end terminals inland, thus con-
tributing to their small margins.

The IIC can be realized by using the Noell MegaHub technology being
developed for an inland hub to be installed in Hanover (Lehrte), Germany,
as it is planned by DB. In such a MegaHub it will be possible to transship
up to 360 boxes between trains within only 100 minutes. Other locations
where the MegaHub technology would be very suited for implementation
are so-called gateway terminals near Zurich (Limmattal) and Basel to be
realized by SBB (N.N. 2003a; N.N. 2003b).
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9. The impacts of innovative technical
concepts for load unit exchange on
the design of intermodal freight
bundling networks
Ekki Kreutzberger*

9.1 IMPROVING TRANSPORT QUALITY AND
EFFICIENCY: THE CENTRAL CHALLENGE

Transport actors periodically rethink their networks in an attempt to improve
or maintain transport quality and efficiency, and company profitability. They
hereby take account of changing production conditions and surroundings,
such as:

● changes of the transport landscape and hence of size, direction, time
and kind of freight flows;

● changes of component costs (for example labour, energy, locomo-
tives);

● changes of performance at the node or link level;
● the emergence of new competition from parallel paths, other modes

or other companies.

The rethinking will often:

● start with a redesign of functional network operations: how to adjust
bundling (consolidation) concepts, the circulation of vehicles,1 or
door-to-door chains;

● elaborate this on a link and node level;
● end in the choice of physical means, amongst which are technical

concepts (vehicle types, suprastructure and infrastructure). The
objective is to choose physical means which appropriately respond to
the functional requirements.
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While rethinking networks, network design actors are aware of the per-
formances which are achievable by current or innovative physical means.
During the last 20 years, especially in the 1990s of the twentieth century,
many designers of intermodal transport networks2 were faced with or
were involved in the development of new options, namely innovative node
exchange concepts, like innovative terminals and vehicles. The innovative
concepts were different from their predecessors. In fact they were so
different, that they could be called new-generation concepts (NG con-
cepts), like NG terminals, other NG node concepts, or NG vehicles. And
for the bundling of flows they promised a substantial reduction of the
impedance of load unit exchange. The number of presented NG con-
cepts was large, and so was the number of innovative networks in which
the NG concepts were to play a role. The whole resembled an innovation
wave.

In the meantime many innovation initiatives have been stopped.
The high level of expectations has been tempered. But the core issue,
namely to enlarge the range of bundling options on the basis of innovated
node exchange operations, which have a substantially increased quality–
cost ratio, remains extremely relevant. The enlargement of bundling
options would allow the finding of appropriate intermodal solutions for
more situations, hence increasing intermodal competitiveness. The chal-
lenge is to identify promising directions of intermodal network develop-
ment.

This chapter is devoted to that challenge. It compares alternative
bundling concepts for different situations, hereby assuming the presence of
advanced exchange operations at exchange nodes, especially intermediate
exchange nodes. Section 9.2 explains the principles of bundling and dis-
cusses the (dis)advantages of direct and so-called complex bundling. The
terms are explained in the section. Section 9.3 gives an overview of the
innovation wave and of the state-of-the-art of innovation and it briefly
evaluates the reasons for innovation progress and stagnation. Section 9.4
elaborates the principles and (dis)advantages of bundling choices, which
were the subject of section 9.2, hereby providing a framework for quanti-
tative comparisons. The framework is used in section 9.5 (nodes) and 9.6
(networks). In section 9.6 alternative bundling networks are compared on
the basis of operational costs of the main modality network. The section’s
focus is rail transport. Section 9.7 compares the chapter’s approach with
that of other network design research. In section 9.8, the conclusions of the
chapter’s analyses are drawn.
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9.2 THE PRINCIPLE AND (DIS)ADVANTAGES OF
COMPLEX BUNDLING

The Principles of Bundling

For many transport connections, flow sizes are not sufficient to provide a
direct service from the begin to the end terminal (BE), unless a small vehicle
scale and/or low frequency are acceptable. Small vehicle scale means that
the vehicle size is small and/or the vehicle’s loading degree is low. Such a
situation is shown on the left side of Figure 9.1: the two transport services,
one from A to B, the other from C to D, in this example both have an unsat-
isfactory loading degree.3 The figure refers to the main mode (for example
rail or barge) only.

In such a situation complex bundling may be an outcome (right side of
Figure 9.1). This is the process of transporting goods which belong to
different flows (different begin and end terminals;4 or different origins and
destinations5) in common transport and/or load units during common
parts of their routes, in order to achieve one or more of the following
advantages, despite the small flow size:

1. an increase in economies of scale in terms of higher loading degrees
(transport units or load units) and/or larger transport units (top right
side of Figure 9.1);6

2. an increase in the transport frequency (bottom right side of Figure 9.1);7

3. an increase in the number of E terminals from each B terminal. This
means that the number of destinations to be reached from each origin
becomes larger. In other words, the service areas can be enlarged
and/or intensified (right side of Figure 9.1).

Further potential advantages are the possibilities to reduce the length
of pre- and post-haulage (PPH) and to equalize terminal peak and valley
performance requirements. This potential advantage is not visible in
Figure 9.1.

The meaning of these advantages is as follows. Economies of scale (1)
allow a reduction in the operational costs per load unit. More precisely,
larger vehicles, like longer trains, let the traction costs per load unit decline.
Higher loading degrees lead to a reduction in all train costs per load unit.
Higher transport frequencies (2) imply shorter waiting times for load units
at a begin terminal. Interest costs for freight in circulation and other time
costs of shippers can be reduced. Next, the number of required load units
in circulation and hence the costs of (empty) load units per unit are likely
to shrink. More E terminals from each B terminal (3) lead to more demand
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and income on the one side. The related reduction of PPH distances con-
tributes to the reduction of one of the most costly parts of any intermodal
transport chain, the PPH costs.

However, complex bundling has some disadvantages as well:

● It causes additional handling at intermediate nodes, such as the
exchange of load units between trains or barges:
– by means of transshipment;
– by means of reassembling train wagons or wagon groups of

different trains at shunting yards or sidings, or push units of
different push barges. This additional handling of course costs
time and money and is likely to reduce the door-to-door reliabil-
ity of the transport chain;

● It causes detours of routes for most transport services. The transport
distances most likely are larger than in cases of direct terminal–
terminal services. The additional distance increases time and distance
costs;

● The local branches have a restricted vehicle scale, making this part
of the network expensive. This is the case if the local networks have
the same frequency as the trunk networks, which should be the case.
Otherwise the higher frequencies of the trunk network have no
function.

Whether direct or complex bundling is a better response to the transport
demand, depends on the balance between the above-mentioned advantages
(loading degrees, economies of scale on the links, transport frequencies,
number of destinations) and disadvantages (additional node costs, detour
costs). And this balance in turn depends on the size of the network volume.
If the volumes are large enough to run direct services at the required fre-
quency and scale levels, direct bundling clearly deserves priority. The
bundling advantages are present, and the bundling disadvantages can be
avoided. However, flow sizes are often smaller than required to load a full-
length train. Often complex bundling will then be appropriate, because the
advantage of vehicle scale and/or higher frequencies will most often over-
rule the disadvantages of additional intermediate node costs, detours and
local network costs. This would especially be the case, given NG means for
the advanced exchange of load units at intermediate exchange nodes.

There are different types of complex bundling networks (Figure 9.2),
namely the hub-and-spoke network (HS network), the trunk collection
and distribution network (TCD network), the trunk-feeder network (TF
network) and the line network (L network), as well as combinations of
these and/or hierarchical versions. Each type differs by:
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Note: * The figure does not show PPH.

Figure 9.2 The basic main mode* models to bundle freight flows
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● The number of arcs connecting B and E terminals and in this sense
their scale perspectives.

● The number of intermediate exchange (node)s per load unit. The L
network has the same number of exchange per load unit as the BE
network. The HS network has up to one additional exchange, depen-
dent on the number of BE terminals of the network and the applied
physical exchange means. TF networks have between one and two,
TCD networks have two additional exchanges.

● The size of detour factors.
● The presence of local networks. Two bundling types (TCD and TF

networks) have local and trunk networks, whereas BE, HS and L net-
works only have trunk networks.

The Relevance of Innovation in the Current Trend in Bundling

The trend in (intermodal) rail transport is clearly one from complex to
direct bundling networks, in all European countries, in spite of the large
differences between countries. The background to this trend of network
simplification is:

● the increasing competition by the road sector in combination with
the liberalization of the rail sector;

● the network and operational design philosophy that if you cannot
beat (reduce) the disadvantages, like additional exchange at interme-
diate nodes or relative high costs of local vehicles, then you must
avoid their causes (Jahnke 1995).

The simplification trend sometimes – implicitly or explicitly – accepts the
loss of intermodal transport volumes to the unimodal road sector. In other
words, there is not a response of intermodal transport to transport
demand. Instead difficult markets are simply dropped.

The opposite strategy to the same challenge is to reduce the node imped-
ance disadvantages by innovation. In that case, the advantages rather than
the disadvantages of complex bundling could be unfolded. An example:
instead of abolishing HS networks, in which – historically – the exchange
of load units takes place by exchanging them along with their wagons8 at
the hub shunting yard or the hub siding, one could reduce the disadvan-
tages at the hub by:

● Operationally simplifying hub exchange ambitions, for instance
reducing the batch size (number of exchanging trains per
exchange).
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● Improving the technical performance of wagon (group) exchange at
shunting yards by robotizing them.

● Improving the technical performance of wagon (group) exchange at
shunting yards or sidings by introducing exchange-friendly wagons
or wagon components (coupling, brake and communication devices).

● Introducing hub terminals. Not the wagons, but only their load units
are exchanged between trains. The hub terminals distinguish them-
selves from existing BE terminals by:
– their layout;
– (in case of large flows) the presence of internal transport systems

which support the cranes;
– optionally, (semi-)robotization of operations.
The involved trains can be block trains or shuttles, in other words
trains which have a fixed length and wagon composition during one
or more journeys respectively.

9.3 WAVE OF INNOVATIVE TECHNICAL CONCEPTS

Overview of NG Concepts

In the period of the above-mentioned innovation wave a large number
of NG concepts were presented. They were characterized by their wide
variety. Often a new technical concept was involved. This could include new
technology. But a NG concept could also be based on known and proven
technology. The innovative character then consists of something else, for
instance a new combination of components or a new type of layout of a
terminal.9

With regard to intermodal bundling networks the most important NG
concepts were as follows (for an overview see Woxenius 1997; Bontekoning
and Kreutzberger 2001a; SAIL – TFK et al. 2000; InHoTrA – Seidelmann
and Frindik 2003):

● The megahub terminals of Technicatome (for the Commutor project
of SNCF Fret) and of Noell (for the German hub-location Lehrte
of DB Cargo). They were designed for the network-simultaneous
exchange of load units between batches of up to six or nine trains
respectively, and could also function as BE terminals for part of the
time. Vertical transshipment and internal transport were semi- to
completely robotized.

● Other NG terminals for lo-lo exchange of load units at BE, L, F
and/or CD nodes, such as the Krupp terminals, the Noell SUT ter-
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minals commissioned by DB Cargo, the Dematic Transmann termi-
nal, all German, the Swiss Tuchschmid terminal, and recently also
the Austrian IUT terminal (commissioned by ÖBB). The Krupp ter-
minals were highly robotized. Tuschschmid advertised its terminals
on the basis of proven technology.10

● Numerous NG terminals, NG rail wagons and NG trucks, developed
to exchange load units by means of horizontal transshipment (in
many countries, including small-flow countries).

● A number of completely integrated network, NG terminal and NG
box projects, such as Cargo 2000 (Germany) or Rail Distributie
Nederland (the Netherlands), or OLS (the Netherlands).

● Numerous ro-ro rail concepts, especially in Sweden, France,
Germany and Austria, employing NG wagons and terminals,
ranging from high-tech to low-cost solutions.

● NG vehicles as Cargo Sprinter (STE) and other modular trains,
wagons and wagon components (TCSS), which allow quick and rel-
ative simple coupling and splitting operations at sidings. In other
words, these vehicles have node-exchange friendly characteristics.
They need to activate the node advantages, as their link performances
would be inferior to those of traditional vehicles, due to decen-
tralised motorization and multiple intelligence.

● Robotized rail vehicles (STT, SOG) of the German railways, of inter-
est for bundling as they could decrease rail collection and distribu-
tion costs on main routes of the local rail network.

● NG hybrid rail–road vehicles such as CombiRoad with NG infra-
structure. They would change the rail–road exchange pattern, could
be attached to other modes, and optionally become robotized.

● Deep-sea, rail or barge terminals in ocean harbours like Rotterdam,
employing robotized internal transport (AGVs), other innovative
inter-node transport (multi-trailer-system vehicles), robotized stack
operations and semi-robotized crane operations.

● Different lo-lo barge terminals, which allow large-scale multimodal
exchange, large-scale barge–barge exchange and small-scale multi-
modal exchange. Large-scale operations were partly suggested to
take place in a robotized fashion. Small-scale operations were rather
designed to take place with low labour costs, due to the fact the
design would allow barge or truck drivers to carry out the terminal
operations themselves. Most projects were Dutch, for instance Barge
Express (a concept with NG terminals for barge and robotized oper-
ations), Container Exchange Point (NG terminals, partly NG push
barges), water bicycle and comparable concepts (on the basis of NG
or conventional barges), the Famas Barges service centre of CCT and
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GEM (NG terminals) or the NG terminal ‘Goed aan boord’, design
commissioned by the Dutch Ministry of Transport.

● Different NG concepts for ro-ro traffic for the barge sector, amongst
which were Rollerbarge for the barge sector (Netherlands) and some
NG terminals and NG vessels, initiated by Volvo (for example the
concept of TTS Drobak).

The performances of these concepts have been analysed in numerous
research projects, amongst which are:

● European or national research projects such as Cargo 2000
(Brunn 1991), SIMET (1995), HaCon et al. (1995), IRIS/OSIRIS
(Möller 1998), IMPULSE (1999) and TERMINET (2000); also
Bontekoning and Kreutzberger (2001b). They have investigated the
suitability of different NG terminal concepts for different exchange
types and/or the network performance of networks with NG ter-
minals. TERMINET (2000) also analysed the performance of
certain shunting yards and compared these with those of rail–rail
terminals.

● The UIC research project Modular Freight Train System (Bürkl
2001a), which investigated the performances of operations with
robotized trains, Cargo Sprinters and trains with innovative wagons
in mixed bundling networks.11

● SAIL (TFK et al. 2000) researched NG transport systems for semi-
trailers.

● InHoTrA (Seidelmann and Frindik 2003) researched terminals and
systems for the horizontal transshipment of load units.

Many of these research projects compare the performances of competing
NG concepts.

Realized Implementation of NG Concepts

The realization of NG concepts is very restricted, quite contrary to the
enthusiasm of their initiators or inventors. The most relevant intermodal
examples in Europe are:

● The (robotized and non robotized) internal transport systems of ocean
harbours, like Rotterdam Maasvlakte, Felixstowe and Hamburg. They
have connection and sorting tasks.

● The robotized stack of Rotterdam Maasvlakte, with a storage and
sorting function.
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● The rail terminal in Rotterdam Maasvlakte. It has a BE terminal
function, but the operational design and technical means could be of
interest for hinterland bundling terminals as well.

● The main hub-terminal in the harbour of Antwerp. It functions as an
H, CD and a BE terminal. The rail–rail exchange is substantial, and
distinguishes this terminal from many gateway terminals in Europe.
Rail tracks and wagons provide in-terminal internal transport
between different crane segments. This is less innovative and power-
ful than the internal transport systems of Noell and Commutor, but
simpler to realize.

● A small number of rail systems with horizontal transshipment. An
important example is Cargo Domino, the domestic intermodal rail
network in Switzerland. It employs load units, rail wagons and trucks
with sliding techniques. Another example – for bulk transport – is
ACTS;

● A small number of ro-ro rail systems. Most spectacular is the
ModalOhr concept operated by French operators for a restricted
network. Ro-ro systems, also cheaper and less powerful concepts, are
on the border of functioning in niche or mainstream markets.

● The classic national railway companies have partly modernized their
shunting yards. Some of the modernization is spectacular, such as the
robotization of wagon pushing in the train-forming part of the yard
(the Netherlands, Switzerland).

Other projects have not been started, or have been ended after a pilot stage.
The CargoSprinter pilots, including some complex bundling operations,
have been stopped.

The hopes of producers or potential clients (KombiVerkehr) to realise
the rail megahub terminal at Lehrte near Hanover on the basis of the Noell
concept, have recently been buried.

On the other side, the interest in NG terminals has not completely ended.
ÖBB built a pilot NG terminal in Vienna in 2003. The evaluation of its fea-
sibility was planned to be finished by 2005.

In the barge sector, the most important implementations of NG concepts
relate to vehicles (barges), not nodes. Most important intermodal products
are the cellular guided 300 and 400 TEU (twenty-foot equivalent units)
barges and the 30 TEU large Neokempenaars. Both supply-driven innova-
tions have an impact for bundling:

● The large barge means that complex bundling becomes more and
more important. This feature is not new, as L networks already dom-
inate the barge sector. But the new interest in HS or TCD networks
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(Denis 2000) can be explained by this background. One may expect
that existing terminals, optionally with minor adjustments, will fulfil
all exchange functions.

● The small barge means that complex bundling becomes unnecessary.
Transport efficiency is mainly realized by fast round-trip speed (short
terminal times due to small barge size).

Reasons for the slow speed of implementation, or the reluctance to imple-
ment any NG concepts at all, have not yet been entirely clarified. The spec-
trum covers the following points:

● The classic railways as DB Cargo/Railion were busy to heavily invest
into shunting yards and were afraid to underutilize these, in case
intermodal traffic was separated from non-intermodal traffic, then
using (terminal) hubs; even if the shunting performances were worse
for intermodal transport than terminal performances. In this regard
the railways had a contradictive agenda.

● If it is of interest to bundle relatively small intermodal and non-
intermodal flows (as some large European railway companies think),
the shunting yard or siding allows this to be done, while the intermodal
terminal does not. However, it could be reasonable to have two points
of view for different markets, one of which focuses on exclusive inter-
modal operations, for which NG concepts are still reasonable.

● The value an NG concept adds to the performance of the network
has not always been sufficiently elaborated on. Some terminals, like
those of Krupp, were originally developed for L networks, later
adjusted to the requirements of hub exchange. But this adjustment
was never really convincing.

● Many concepts focused on high performance rather than low costs.
This was likely to create a double disadvantage:
– The technological state-of-the-art was less developed than the

concepts required. This was especially the case for robotization.
On the other hand, some deep-sea harbours are fully devoted to
this challenge.

– The fast exchange would only be required for certain connec-
tions. For other connections which do not need any operational
acceleration the fast terminals only generate higher node
exchange costs.

● Many concepts focused too one-sidedly on technical solutions,
neglecting the potential of operational optimization without major
technical changes. Take hub exchange: an important ingredient of
innovative bundling concepts is the simplification of hub exchange
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by restricting direct exchange to small exchange batches instead of
continuing to allow large ones. The advantages can already be real-
ized to a large extent at shunting yards.

One could easily conclude that the whole innovation wave was planned to be
realized in a far too short a period. The ideas of the inventors were far ahead
of their time. One could alternatively conclude that the innovation wave was
too high-tech minded, as simpler solutions are more appropriate. But recent
network developments oppose to such conclusions, at least in the rail sector.

Non-Technical Network Innovations

As far as the realised network innovation is concerned, technical innova-
tion hardly played a role. Most important non-technical innovations were:

● The introduction of dedicated intermodal networks, in other words
the splitting of intermodal and non-intermodal networks. The main
advantage was the possibility to abolish local collection and distrib-
ution rail transport for intermodal transport, as load units did not
need to be set on the train at the location of a shipper, but could make
use of terminals. These had a service area, which was sufficiently
large to load complete trains. Since the 1990s a comparable develop-
ment is also taking place for non-intermodal transport: the so-called
rail ports have a comparable function as terminals for non-inter-
modal flows. It is worth considering whether the emerging rail port
networks would allow the reintroduction of mixed intermodal and
non-intermodal trains for corridors with small flows.

● The streamlining of wagonload networks to networks which operate
complete trains with a minimum of intermediate exchange nodes.
Complete trains have a ‘full’ length between their BE terminals, but
change the train composition (and to some degree also the length)
during the journey, by dropping and picking up wagon (group)s at
intermediate exchange nodes (shunting yards or emplacements).

● Re-promoting rail-friendly locations of sorting and distribution
centres. These are located near to intermodal terminals. Optionally
the centres are part of dedicated partial-load rail service networks.
Good examples which illustrate the intention, are the Bahntrans
network, which the German railways proposed in the 1990s, and
comparable networks thereafter

There are examples of innovative networks which at their beginning had to
decide whether they would apply NG concepts or not. One is the PNIF rail
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network  of CNC and SNCF, created in the early 1990s. It is clearly an
example of network innovation: a national hub-and-spoke network for mar-
itime flows, centred around the Paris hub. The maritime flows were too small
to transport them in BE networks. The PNIF network was also a dedicated
intermodal network, allowing complete trains to run between all BE termi-
nals. Finally, the PNIF network was the subject of the above-mentioned
Commutor project, in which an NG megahub terminal was to fulfil the hub
function. But after an evaluation of performance, SNCF decided to use an
existing shunting yard as the PNIF hub instead of an NG terminal.

9.4 QUANTITATIVE ELABORATION OF THE
BUNDLING LOGIC: VOLUMES, SCALE AND
FREQUENCIES

There is a clear relation between network volumes, transport frequency and
size of transport unit (the scale effect) in so-called directed12 and separated
networks.13 Two of these variables can be kept constant, showing the effects
for the third entity. We refer to the term ‘bundling triangle’ (Figure 9.3).

The bundling triangle relation is elaborated in Figure 9.3. Three different
directions of elaboration are presented. In the frequency approach, the fre-
quency varies; in the volume approach, the network volume varies; and in
the scale approach the size (scale) of the transport unit and/or its loading
degree varies. The three approaches could be defined as, respectively, fre-
quency- or scale-increasing or volume-reducing network design strategies.
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The frequency in Figure 9.4 is expressed by the number of arrows from
each B terminal to each E terminal. The network volume is shown by the
total number of arrows in each network. The (relative) size of the transport
unit is represented by the size of the rectangles beneath each network.

The triangle is influenced by the number of BE terminals. In Figure 9.3,
which has two BE terminals per service area, the quantitative relation of
BE networks, HS networks and the other networks is 1:2:4 (service fre-
quency and vehicle scale) or 4:2:1 (network volume). This means that:

1. in the frequency approach the number of departures from each B to
each E terminal in the above-mentioned groups of networks is 1:2:4;

2. in the volume approach the required network volume in the above-
mentioned groups of networks is 4:2:1;

3. in the scale approach the size of transport units in the above-
mentioned groups of networks is 1:2:4.

With three BE terminals per service area the relation is 1:3:9, with four it is
1:4:16 and so on. The quantitative relation, conceptually shown in Figure
9.4, is mathematically expressed in equations (9.1)–(9.6).

The quality–cost advantages of best solutions in these three approaches
are: (1) the reduction of waiting times for freight and empty load units in
circulation at B or L terminals; (2) the capability of serving areas with rela-
tive small flows; or (3) the reduction of operational costs per load unit. The
approaches can be mixed, resulting in less extreme, but therefore multiple
advantages.

The potential cost–quality advantages of complex bundling is also illus-
trated by Figure 9.4, as far as the comparison of a BE network with an HS
network is concerned.14 It is evident that any set of (bundling) networks
could be compared in a similar way. The additional operational costs at
hubs plus the detour costs of an HS network must be compensated for by:

● (in the frequency approach) a cost reduction caused by less waiting of
freight and load units (without their freight) at the B terminals (and L
terminals). The time reduction implies lower interest costs for shippers;

● (in the volume approach) the reduction of external costs due to
higher market shares of intermodal networks;

● (in the scale approach) the reduction of main modality costs as a
result of higher loading degrees and/or larger transport units (upper
left of Figure 9.4).

As time cost (reduction)s are relative low in many situations, the fre-
quency approach will often lead to the lowest quality–cost improvements.
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The quality–cost improvements in the framework of the scale approach are
likely to be the largest. The weight of cost–quality improvements in the
volume approach very much depends on the valuation of sustainability:
how high are external costs? Some reports (for example EC 2002) suggest
that these are substantial. Other researchers (for example IFEU and SGKV
2002) conclude that the external costs are restricted. The range of research
results has currently made the European Commissioner more hesitant to
make actors in the transport field pay for external costs (Simons 2002).

In the scale approach, the length of a train15 in directed and separated
networks can be calculated as:

(9.1)

(9.2)

subject to:

(9.3)

(9.4)

(9.5)

max (9.6)

in which:
LBE � length of train (in metres) in BE network
Lc � length of train (in metres) in a complex bundling network
V � transport volume on rail network (in number of load units)

per time unit (for example year) per direction
vbe � volume of rail flow between b and e (� B terminal, E ter-

minal) per time unit (for example year)
l � length of a train (in metres) per load unit
Nbe � number of BE terminals in the region of origins
D � number of working days per time unit (for example year)

LBE � LBE

xbeUNIRo � xbeBERai � xbeHSRai � xbeTCDRai � xbeTFRai � xbeLRai � 1

xbeBERai,xbeHSRai,xbeTCDRai,xbeTFRai,xbeLRai�{0,1}

V � �
b
�

e
�vbeBERaixbeBERai � vbeHSRaixbeHSRai � vbeTCDRaixbeTCDRai � �
vbeTFRaixbeTFRai � vbeLRaixbeLRai

LC � LBE*B

LBE � V*l
N2

be*D*Fbe*Lobe
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Fbe � daily departures from each B terminal to each E terminal in
a BE network� frequency in a BE network. In the volume
or scale approach this frequency is valid for any bundling
network

Lo � loading degree of a train (%)
LBE max � maximal length of (bundling) train (in metres)
B � factor bundling concept � N for HS network

N2 for TCD, TF or L network
vbeBERai � rail flow between b and e (� resp. B or E terminal) in a BE

network
vbeHSRai � rail flow between b and e (� resp. B or E terminal) in an HS

network
vbeTCDRai � rail flow between b and e (� resp. B or E terminal) in a TCD

network
vbeTFRai � rail flow between b and e (� resp. B or E terminal) in a TF

network
vbeLRai � rail flow between b and e (� resp. B or E terminal) in an L

network

Equations (9.1) and (9.2) determine the length of trains in respectively a
BE network or complex bundling network, if all flows of the envisaged
service areas are served by only one bundling network (Equations 9.3, 9.4
and 9.5) and if the networks are directed and separated ones. Equation (9.2)
expresses the impacts of complex bundling.

The result of the Equations (9.1) and (9.2) is an unlimited positive value.
Beyond the maximal train length (restraint of Equation 9.6; in Europe for
example 600 m or 700 m, in the future in some countries maybe 1000 m or
more)16 the scale approach cannot lead to further cost reductions. If
network volumes keep on growing, further advantages can be achieved by
increasing the service frequency.

The intention of the length restriction is illustrated in Table 9.1. Given
the network conditions and choices of columns 1 to 3, the train lengths per
bundling concept are mentioned in columns 4 to 8. A train length of 1 is –
from the cost point of view – a maximal and best solution.

The maximum train length is an important technical restriction, as it
implies – from the point of view of economies of scale – that there is no
best bundling type in general, but only one in relation to certain network
volumes and network design attributes like frequency. In the first row of
Table 9.1 the HS network has the best train length. In the third row this is
the TCD, TF and L network, in the second row the BE network.

Figure 9.5 is another way to express the outcome of equations (9.1) and
(9.2). The figure shows train lengths in directed and separated networks with

Innovative technical concepts for load unit exchange 169







170

T
ab

le
 9

.1
L

en
gt

h 
of

tr
ai

ns
 p

er
 t

ra
ns

po
rt

 la
nd

sc
ap

e 
an

d 
bu

nd
lin

g 
co

nc
ep

t 
in

 e
xa

m
pl

es
 (

in
 fa

ct
or

s 
of

a 
60

0 
m

 lo
ng

 t
ra

in
,

w
hi

ch
 in

 t
hi

s 
ta

bl
e 

is
 c

on
si

de
re

d 
to

 b
e 

a 
m

ax
im

um
;

lo
ad

in
g 

de
gr

ee
 8

0 
pe

r 
ce

nt
;

di
re

ct
ed

 a
nd

 s
ep

ar
at

ed
ne

tw
or

ks
)

T
ra

ns
po

rt
 la

nd
sc

ap
e 

an
d 

L
en

gt
h 

of
tr

ai
ns

 in
 t

he
 t

ru
nk

 n
et

w
or

k 
ne

tw
or

k
ch

ar
ac

te
ri

st
ic

s
(1

�
w

ho
le

 t
ra

in
)

R
ow

 n
um

be
r

1
2

3
5

6
7

8
9

A
nn

ua
l

N
um

be
r 

R
ai

l
B

E
H

S
T

C
D

T
F

 
L

ne
tw

or
k

of
B

E
fr

eq
ue

nc
y

ne
tw

or
k

ne
tw

or
k

ne
tw

or
k

ne
tw

or
k

ne
tw

or
k

tr
an

sp
or

t
te

rm
in

al
s

pe
r

vo
lu

m
e

pe
r 

re
la

ti
on

,
in

 t
w

o
se

rv
ic

e
di

re
ct

io
n 

di
re

ct
io

ns
ar

ea
an

d
w

or
ki

ng
 

da
y

V
N

be
F

be
L

B
E

L
H

S
L

T
C

D
L

T
F

L
L

1
10

0
00

0
2

2
0.

5
1

2
2

2
2

10
0

00
0

2
1

1
2

4
4

4
3

50
00

0
2

2
0.

25
0.

5
1

1
1

4
50

00
0

2
1

0.
5

1
2

2
2

5
10

0
00

0
4

2
0.

13
0.

5
2

2
2

6
10

0
00

0
4

1
0.

25
1

4
4

4
7

50
00

0
4

2
0.

5
0.

25
1

1
1

8
50

00
0

4
1

0.
13

0.
5

2
2

2

N
ot

e:
�

fa
vo

ur
ab

le
 b

un
dl

in
g 

ne
tw

or
k,

as
 f

ar
 a

s 
ec

on
om

ie
s 

of
sc

al
e 

on
 t

he
 t

ru
nk

 n
et

w
or

k 
ar

e 
co

nc
er

ne
d.



one departure from each B to each E terminal per working day. Given a
network volume of about 28000 load units/year TCD, TF or L networks
have the best train lengths. If the network volume is 100 000 load units/year,
a BE network has the best train lengths in case of two BE terminals per
service area, an HS network has the best lengths in case of three or more BE
terminals per service area. The constant train length for the TCD, TF or L
network is due to the fact that these networks always have the same number
of trunk connections, namely 1, no matter how many BE terminals are
involved.

Table 9.2 elaborates the triangle of bundling quantities (Equations
9.1–9.6) for a larger range of network transport volumes and of number of
BE terminals per network. The table is based on the idea that there is a daily
train departure from each B terminal to each E terminal (five departures
per week) and that the maximal train length is 700 m.
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Figure 9.5 Length of trains, dependent on choice of bundling concept and
number of BE terminals per service area (TCD, TF and L
networks have same values) (directed, separated and fully
interconnected networks, loading trains degree�80%,
frequency�1/working day;)
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Table 9.2 Train lengths (in number of 700 m long trains) indifferent
bundling concepts with different network volumes. Frequency�1
per working day (DS networks)

Bundling Annual Number of BE terminals
concept network

volume
(LUs per
direction

2 3 4 5 6 7 8 9 10

Number of trains per direction

BE network 250 000 7.1 3.2 1.8 1.1 0.8 0.6 0.4 0.4 0.3
BE network 225 000 6.4 2.9 1.6 1.0 0.7 0.5 0.4 0.3 0.3
BE network 200 000 5.7 2.5 1.4 0.9 0.6 0.5 0.4 0.3 0.2
BE network 175 000 5.0 2.2 1.3 0.8 0.6 0.4 0.3 0.2 0.2
BE network 150 000 4.3 1.9 1.1 0.7 0.5 0.3 0.3 0.2 0.2
BE network 137 500 3.9 1.7 1.0 0.6 0.4 0.3 0.2 0.2 0.2
BE network 125 000 3.6 1.6 0.9 0.6 0.4 0.3 0.2 0.2 0.1
BE network 112 500 3.2 1.4 0.8 0.5 0.4 0.3 0.2 0.2 0.1
BE network 100 000 2.9 1.3 0.7 0.5 0.3 0.2 0.2 0.1 0.1
BE network 87 500 2.5 1.1 0.6 0.4 0.3 0.2 0.2 0.1 0.1
HS network 87 500 5.0 3.3 2.5 2.0 1.7 1.4 1.3 1.1 1.0
BE network 75 000 2.1 1.0 0.5 0.3 0.2 0.2 0.1 0.1 0.1
HS network 75 000 4.3 2.9 2.1 1.7 1.4 1.2 1.1 1.0 0.9
BE network 62 500 1.8 0.8 0.4 0.3 0.2 0.1 0.1 0.1 0.1
HS network 62 500 3.6 2.4 1.8 1.4 1.2 1.0 0.9 0.8 0.7
BE network 50 000 1.4 0.6 0.4 0.2 0.2 0.1 0.1 0.1 0.1
HS network 50 000 2.9 1.9 1.4 1.1 1.0 0.8 0.7 0.6 0.6
BE network 37 500 1.1 0.5 0.3 0.2 0.1 0.1 0.1 0.1 0.0
HS network 37 500 2.1 1.4 1.1 0.9 0.7 0.6 0.5 0.5 0.4
BE network 25 000 0.7 0.3 0.2 0.1 0.1 0.1 0.0 0.0 0.0
HS network 25 000 1.4 1.0 0.7 0.6 0.5 0.4 0.4 0.3 0.3
HS network 12 500 0.7 0.5 0.4 0.3 0.2 0.2 0.2 0.2 0.1
L, TCD or 12 500 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
TF network

L, TCD or 6 250 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
TF network

Note: � favourable bundling network, as far as economies of scale on the trunk
network are concerned.



The following conclusions can be drawn from Table 9.2. In networks with
transport frequencies of one per day, BE networks are promising for annual
network flows of 50 000 load units per direction or more, because in this
range BE trains can have full lengths. For the same reason the number of
BE terminals per service area should not exceed six. Rail HS networks seem
to be most interesting in network volumes between 25 000 and 175 000 load
units. The range of suitable number of BE terminals per service area is
larger. TCD, TF and L networks are most suitable for small network flows,
which is about 13 000 load units per year.

Figure 9.6 summarizes the information of Table 9.2. It shows the areas in
which the bundling concepts allow to operate long trains, given two BE ter-
minals per service area and a frequency of 1 or 2. The figure shows the best
areas in terms of network volumes for bundling concepts: best in the sense of
allowing to operate long trains. Above or to the right of the best areas trains
exceed the maximal lengths, downwards or to the left of the best areas trains
become rather (or too) short.

The length of trains is nothing more than a first indication for the selec-
tion of best networks. Whether they really are the best also depends on
node and distance performances, in other words on the integral costs and
performances of nodes and links (sections 4 and 5).

9.5 EXCHANGE NODES

A major result of case studies on NG terminals in the European research
project Terminet was that the exchange costs are about €20 to €50 per load
unit, dependent on the chosen terminal concept and – more importantly –
dependent on the utilization rate of the terminal (Franke et al. 2000). With
utilization rates to be expected in practice, the range will rather be one of
€30 to €50 per transshipment. These amounts are not very different from
those of conventional terminals or shunting yards. The major difference is
the performance in terms of handling time. This time reduction supports
complex bundling, hence the increase of train or barge scale. And it poten-
tially contributes to the acceleration of round-trip speeds. Both advantages
can be incorporated in the calculation of network performance costs.

The performances and costs of another exchange-orientated NG
concept, namely innovative transport units in rail networks, have been
analysed in the European (UIC) research project Modular Freight Train
System (Bürkl 2001a). The project investigated the effects of different
modular trains, including the Cargo Sprinter, in a multilayer TF and L
network. The exchange costs per load unit were estimated to be €20.
Networks with some of the innovative train types were shown to be more
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efficient than conventional trains with shunting yard operations.
The costs of load unit exchange at intermediate NG terminals are shown

in Table 9.3 for different bundling networks, hereby taking account of the
number of intermediate terminals, the amount of exchange at intermediate
terminals, and the time costs of freight in circulation. The result is that the
intermediate exchange will cost €2 to €100 per load unit. The values in L
networks refer to time costs only, as L networks have the same number of
rail–road terminals as BE networks.

9.6 INTEGRAL COSTS

Main Mode

This section indicates best intermodal rail bundling networks on the basis
of main mode costs and performances. The cost calculations are carried
out for the transport landscapes and network layouts described in Table
9.4. Network comparisons are restricted to networks with two BE termi-
nals at each side of the network and in this sense rather indicative a than.
representative. Rail–rail node exchange is assumed to take take a relatively
short time. This may require NG terminals or vehicles.

The main mode costs consist of train costs, node exchange costs and time
(that is, interest) costs of freight in circulation. Once the bundling triangle
decisions have been taken, a large part of the input for the different cost
modules is known (Figure 9.7). Other important input network decisions
refer to the round-trip design of trains.
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Table 9.3 The total costs of load unit exchange at intermediate terminals
in different bundling networks (in euros per load unit*)

Networks with 2 B terminals Networks with 4 B terminals
and 2 E terminals and 4 E terminals

High Average High Average
utilization rate utilization rate utilization rate utilization rate

BE network n.a. n.a. n.a. n.a.
HS network 10 15–25 15 25–40
TCD network 40 60–100 40 60–100
L network 0 0 5 5
TF network 20 30–50 30 45–75

Note: * Rounded off to a manifold of 5.



The cost results for networks with two BE terminals are shown in
Table 9.5a (network lengths�1200 km; costs per chain activity and total)
and Table 9.5b (total costs with different network lengths). The average link
speed is assumed to be 80 or 30 km/hour. The first value is typical for many
national or other day-A-A or day-A-B connections. But for A-C distances
(such as 1200 km) passenger priorities and border obstacles imply average
link speeds of down to 30 km/hour.

Given this input, L networks have the lowest costs for rail networks with
small volumes, HS networks the best values for rail networks with volumes
around 50 000 load units per year, BE networks best values for rail networks
of 100 000 load units per year. With other parameters, like other frequen-
cies, node or rail costs, or distances, the results will differ.

These results confirm the outcome of the length-of-train-analysis. This
is neither a coincidence nor necessarily the case. In the networks with
25 000 load units a year there will – as distances grow beyond 1200 km – be
a point where the TCD networks generate larger net savings than line -
networks. The distance may grow not only because of an increasing x,
but also or instead by an increasing y and/or growing number of BE
terminals.

176 Design and modelling

Table 9.4 Transport landscape and train length values for cost calculations

Network volume Two BE terminals per Length of trains,
(2 directions) service area frequency

25 000 LUs • BE network 156 m, 1
• HS network 313 m, 1
• TCD, L, TF network 625 m, 1

50 000 LUs • BE network 313 m, 1
• HS network 625 m, 1
• TCD, L, TF network 625 m, 2

100 000 LUs • BE network 625 m, 1
• HS network 625 m, 2
• TCD, L, TF network 625 m, 4

Notes:

x�1200 km, 900 km, 600 km, 300 km.
y�80 km.
Number of BE terminals�2 per services area.
�y therefore�80 km.

y

x



It is also interesting that – for the given transport landscapes – a TF
network leads to larger net cost reductions than a TCD network. This is
mainly due to the fact that only a part of the load units are exchanged at
the F nodes. Some load units are not exchanged at any F node. At CD
nodes all load units of the network are exchanged. This advantage is larger
than the disadvantage of longer local branches.
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Note: * �example: costs per load unit, if train length is 600 m, and loading degree of
train is 90 per cent.

Figure 9.7 Network costs (� 1�2�3) and performances of main modality
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Pre- and Post-Haulage

The calculations of section 6.1 did not include any PPH costs. Integrating
them will change some conclusions about the position of some main modal-
ity networks. On the other side, the PPH costs are influenced by the choices
for the main modality network, for instance the number of BE terminals in a
service area. The smaller the service areas and the shorter the PPH routes are,
the lower the costs may be. On the other hand, a larger flow is likely to
promote the ability to equalize flow peaks and valleys and to achieve more
stable and higher average loading degrees and utilization rates of local trucks.

9.7 COST FUNCTIONS AND ECONOMIES OF
SCALE IN NETWORK DESIGN IN RELATION TO
THE BUNDLING TRIANGLE

The bundling triangle as the basis of cost functions is not in line with cost
function perceptions in numerous network design studies. The following
features are widespread, both in strategic (for example facility location) or
tactical (for example service network) studies. (Generalized) costs are
assigned to links. Their derivation misses clarity or is hardly appropriate.
The impact of changing flow sizes on costs may be absent (Rutten 1995),
not necessarily route-specific, or not explicitly consistently modelled in
interaction with frequency (for example the Nodus model in TERMINET
1998; O’Kelly 1986; Mayer 2002). The guarantee of consistency of the tri-
angle entities by constraints is not apparently part of the standard (service
or location) network model repertoire.

In this regard economies of scale deserve special attention. Two main
directions can be distinguished:

● The correction for scale effects by means of cost discount factors at the
level of transport services. An example is O’Kelly (1986, p. 95), who
applies ‘proportionality-factors’ for inter-hub services. The inter-hub
services have larger flows than the services between the ends of the
network and a hub. They are therefore expected to employ larger vehi-
cles, which have lower transport unit costs. The proportionality factors
are to reflect such reduction of transport unit costs, in other words to
display economies of scale. The size of the factor in relation to fre-
quency, vehicle size and flow sizes is not modelled explicitly or at all.

● The introduction of transport volume-dependent cost functions: the
volume-dependent increase of transport costs declines with increasing
transport volumes. Mayer (2002) shows the intention (left of Figure 9.8)

180 Design and modelling



181

S
ou

rc
e:

B
as

ed
 o

n 
M

ay
er

 (
20

02
) 

p.
16

2 
(l

ef
t)

 a
nd

 p
.1

64
 (

ri
gh

t)
.

F
ig

ur
e 

9.
8

D
eg

re
ss

io
n 

of
tr

an
sp

or
t 

co
st

s 
w

it
h 

vo
lu

m
e-

in
de

pe
nd

en
t 

an
d 

-d
ep

en
de

nt
 s

ca
le

 fa
ct

or
s

(a
)

(b
)

T
ra

ns
po

rt
 c

os
ts

 C
no

de
 to

 n
od

e 

T
ot

al
 f

lo
w

 b
et

w
ee

n 
no

de
s

T
ot

al
 f

lo
w

 b
et

w
ee

n 
no

de
s

(c
)

fc
4

fc
3

fc
1 

=
 0fc
2

T
4

T
3

T
1 

=
 0

T
2

T
5

T
ra

ns
po

rt
 c

os
ts

 C
no

de
 to

 n
od

e 

L
eg

en
d

(a
)

=
vo

lu
m

e-
in

de
pe

nd
en

t c
os

ts
 p

ro
gr

es
si

on
   

 (
b)

 =
 v

ol
um

e-
de

pe
nd

en
t c

os
ts

 p
ro

gr
es

si
on

(c
)

=
pa

rt
ia

l l
in

ea
r 

ap
pr

ox
im

at
io

n 
of

 n
on

-l
in

ea
r 

co
st

s
fc

=
vo

lu
m

e-
de

pe
nd

en
t c

on
st

an
ts

a 
=

sc
al

e 
fa

ct
or

   
   

   
 T

 =
 tr

an
sp

or
t v

ol
um

es

a 1

a 2



and a simplified version (right of Figure 9.8) of such an approach. In
both cases the central factor of scale economies is the transport volume
of a route or network, not vehicle scale as in the bundling triangle
approach. The evidence or a (route or network) transport volume-
dependent cost function is not clear.

A major reason for simplification of cost functions is the attempt of model
makers to reduce model complexity. The result is a lot of effort invested to
find appropriate optimization or comparison models or algorithms, but in
return the model makers will accept cost functions which do not guarantee
the consistency of volumes, vehicle sizes, frequencies and bundling choices,
or which simplify scale-effects in a non-appropriate manner.

Much research suffers from the absence of an elaborated bundling typol-
ogy. The term ‘HS network’ is often used for a number of complex bundling
network types. For instance, many studies do not distinguish between
different types of bundling networks with unimodal node exchange. They
are all called HS networks. In a graph a double HS network looks very
similar to a one-layer TCD network. But the first has an exchange between
transport units of a comparable size, which – in the scale approach –
implies the same scale effects on all branches. In the second network the CD
branches of the local network have feeder characteristics, smaller transport
units and therefore no or restricted scale effects.

9.8 CONCLUSIONS

Triangle Approach

When designing a freight service bundling network in response to a certain
network volume, the scale approach will sort the most important (dis)advan-
tages, namely operational costs. The frequency approach only leads to signi-
ficant cost differences if the transport frequencies are very low, like one
departure a week from each B terminal to each E terminal. But even then the
cost effects of different waiting times are much smaller than those of different
train lengths.

As far as the scale approach is concerned, the calculations, which include
node and distance performances, will often confirm the assumptions about
promising networks on the basis of length of trains only.

The presented cost analysis allows us to differentiate between TCD, TF
and L networks. With respect to length of train, the three are alike, as Tables
9.2 and 9.3 have shown. But when also taking account of distances, times
and node costs, these networks will certainly show differences.
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Best Networks

The chapter has evaluated the differences in operational costs of inter-
modal freight transport in different bundling concepts for different distance
classes. The results are preliminary, because the rail cost model is still pro-
visional. Also, only one link performance has been taken into account. But
with this in mind, and given the parameters used, L networks lead to the
lowest rail costs for networks with small flows, HS networks for networks
with about 50 000 load units a year, and BE networks for networks with
100 000 load units a year. The results refer to distances between 300 km and
1200 km. With other parameters, for instance another frequency, the
results may differ. The expectation is that TCD and TF networks become
of interest in the case of a larger number of BE terminals, rather from the
quality than from the cost point of view. The reason is that they allow for
collecting and distributing load units more simultaneously than L net-
works. TCD and TF bundling could also be cost-competitive in networks
with longer trunk distances or asymmetric networks (with local network
parts only on one side of the network).

These results will not yet permit us to draw conclusions about the feasi-
bility of intermodal rail operations, but they do suggest that certain direc-
tions in which to expand the business are more promising than others. The
results are roughly in line with rail practice. Common perceptions about
break-even distances between intermodal rail and unimodal road transport
may need some adjustments.

Pre- and Post-Haulage

The accounts of section 9.6 did not include any PPH costs. Integrating
them will change some conclusions about the position of some main mode
networks. Pre- and post-haulage costs are influenced by the choices for the
main mode network, for instance the number of BE terminals in a service
area. The smaller the service areas and shorter the pre- and post-haulage
routes are, the lower the costs may be. On the other hand, a larger flow is
likely to promote the ability to equalize flow peaks and valleys and to
achieve more stable and higher average loading degrees and utilization rates
of local trucks.

Network Design Research

From the point of view of the network design logic which has been presented
in this chapter, network design research could be improved on the following
areas. Network models should guarantee the internal consistency of the tri-
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angle entities, namely network volume, transport frequency, scale of trans-
port units (and loading degree) and number of BE terminals. Secondly,
models should introduce more explicitly an elaborated bundling typology
and let the quantitative relation between the triangle entities be influenced by
the choice of bundling concepts. As a consequence of such improvements the
methods to incorporate economies of scale would be adjusted.

Such conclusions may be difficult to harmonize with the necessity to
restrict the complexity of network models. On the other hand, applying
models which solve problems on the basis of too-simplified operational
assumptions is not very satisfying.

NOTES

* I would like to thank Piet Bovy, Professor at the Faculty for Civil Engineering and Geo
Sciences of the Delft University of Technology, and Hugo Priemus, Professor of System
Innovation Spatial Development and Dean of the Faculty Technology, Policy and
Management, Delft University of Technology, for their critical and supporting remarks.

1. For example a barge, train or only its locomotives or wagons.
2. This chapter defines the term ‘intermodal transport’ as the unimodal or multimodal

transport of load units, like containers, swap bodies or trailers, in contrast with United
Nations (2001), which does not include unimodal transport. Any modality can be
involved, as long as load units are involved. The term ‘intermodal transport’ is a
synonym for ‘combined transport’, which is very common in the rail sector and also pro-
moted by ECMT (1998). Actually, combined transport is a most appropriate term, as it
focuses on the central attribute of this type of transport, namely a technique. In contrast
to intermodal transport, the term ‘combined transport’ avoids confusion with the term
‘multimodal transport’. The latter could also refer to non-combined transport, as with
the bulk transport of coal and iron ore in barge–rail chains.

3. In this example the transport units have a loading degree of 50 per cent.
4. From now on, BE terminals.
5. Origin or destination nodes (respectively, origins and destinations) are locations with

activities which generate a demand for transport. Examples are factories, non-transport
storage facilities (like trade storage or logistic storage) or consumer nodes (like super-
markets or other shops).

6. In this example the loading degree is 100 per cent. Instead the size of the transport unit
could be enlarged.

7. In this example the transport units have a double frequency.
8. Single wagons or wagon groups.
9. More precisely, an NG terminal has equipment and a layout which is designed to be an

effective and efficient response to new types of load unit exchange or existing exchange
types with higher performance requirements, like unimodal exchange (rail–rail,
barge–barge), fast multimodal exchange (rail–road, barge–road), or cheap small-volume
exchange. New crane types, handling devices, electrical catenaries for the powering of
locomotives, and storage systems could be a result. Synergy between different terminal
modules (for example transshipment, storage and internal transport) is of great impor-
tance. Therefore advanced internal sorting and transport systems or the (partial) robot-
ization of operations may be part of some concepts. The whole terminal node
including sidings has a low space demand, preferably a low energy consumption, and
definitely a favourable quality–cost ratio. Summarizing, an NG terminal will have new
functional qualities. Even though nothing more than an instrument to achieve the
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projected performances, its technical means are often striking and are likely to draw
some attention.

10. According to Tuchschmid also the use of (robotized) AGVs serving Tuchschmid-specific
stack facilities represented proven technology.

11. The results of certain train type combinations are very promising (Bürkl 2001b).
Unfortunately the major publication is not public.

12. In a directed network (for example a directional HS network) all services are directed to
certain directions, opposite to an all-directional (for example HS) network (see
Kreutzberger 1999).

13. In a separated network any multimodal terminal (B or L terminal) has – for a certain
train or barge – either a loading or an unloading function. In the opposite, the diffuse
networks, the above-mentioned terminal types load and unload load units to the same
train or barge.

14. As both networks of Figure 9.4 have the same number of BE terminals, the costs of BE
terminals and pre- and post-haulage can be excluded from the comparison. Both would
have to be included whenever the best bundling concept is also to be compared with uni-
modal road transport.

15. The equations are a rail-specific version of the generic formulation, in order to support
the understanding of Tables 9.1 and 9.2 and of Figure 9.4.

16. As possibly in France (Kerckaert 2001). In Switzerland tests have been conducted ‘on a
line section closed for passenger traffic in the vicinity of Solothurn with trains 750 . . .
1000 and 1500 metres in length’. In Switzerland long trains hold most promise for use in
combined transport (Vogel 2000, p. 24). Tests with 1000 m trains have also been carried
out in the Netherlands. The new research and development project LIIIFT is devoted to
the implementation of 1000 m trains in the Rotterdam–Antwerp–Paris corridor. In the
real world intermodal freight trains with lengths of 400 m and 500 m are no exception,
also not from and to large ocean harbours.
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10. Designing intermodal transport
systems: a conceptual and
methodological framework
Arne Jensen

10.1 INTRODUCTION

In this chapter, the term ‘conceptual framework’ is looked upon as a
scientific toolbox to be used by the researcher for designing intermodal
transport systems for freight. As in other scientific contexts, the framework
developed here consists of concepts, relationships between concepts, and
some conditions for the existence of relationships. However, the framework
also contains some methodological suggestions for intermodal transport
system design and how to apply the concepts in this context. In this
methodological sense, the framework is also somewhat normative. The
word ‘researcher’ should not be taken too literally. The academic researcher
as well as the advanced practitioner belongs to the target group for this
chapter. It draws heavily on research reported in Jensen (1990), but the
framework developed here has been generalized, modified and updated to
suit the present purpose.

The System Designer

The intended user of the framework is assumed to be responsible for
designing an intermodal transport system for freight that is able to enter a
competitive market and survive there. This implies that the framework sug-
gested here is demand oriented. It regards shippers’ preferences as import-
ant determinants for transport system development.

Let us use the term ‘system designer’ for the person or group of persons
having this responsibility. The system designer may represent a company, a
group of companies, a government authority, or simply the research inter-
est of the scientific community. It is assumed that the intended end result
of this use of the framework is a model of a system for intermodal trans-
port for a particular segment of the real world.
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The principal for the system designer’s research may be either real, as in
practice, or hypothetical. The latter may be the case in scientific research.
In any case, it is necessary for the system designer to try to define whose
interests the intermodal transport system is expected to promote. This has
an immediate relevance for the emphasis given to various performance
measures of the system and also for other factors influencing system
design. The real or hypothetical principal may belong to groups such as
public opinion moulders, politicians, governments, public administrators,
transport companies of various kinds, and shippers and their customers.
The goals of the target principal should be reflected in the priorities that
the system designer gives to performance measures such as costs, environ-
mental impact and quality of the transport service.

Research Task and Research Design

It is assumed here that the appearance of a new intermodal transport
system in the freight market of interest will not create any new demand for
transportation. It is also assumed that the capacity of the existing transport
system is sufficient to satisfy existing and expected demand. Our system
designer is thus given the task of designing an intermodal transport system
capable of entering the market and capturing a share of that market either
in terms of existing demand or in terms of expected future demand. The
market share aimed at may be a given from the start or it may be a variable
to be determined in the design process. In any case, the system designer is
confronted with a competitive situation with at least one competitor. These
assumptions are important for system design.

The research design proposed here for developing and evaluating a trans-
port system is the normative case study. In general terms, it can be described
as follows (based on Jensen 1990, p. 29):

We have a new transport system, say Sn, that is intended to replace partially or
completely an existing transport system, say Se. The existing transport system is
presumed to operate in a known reality R, which can be observed in its essential
dimensions. Select a subset Rs of R for closer study. Rs can be said to comprise
the case in the normative case study. Rs must now be described with regards to
its essential variables such as customers, spatial conditions, goods flows, market
structure, competition etc., depending on the nature of the problem. It must also
be described with regard to the existing system Se. These descriptions form a
model of Rs. This model is then used as a tool in the studies. If the research aims
at developing a new transport system Sn, Sn is developed on the basis of, among
other things, the observed properties of Rs, inclusive of the existing transport
system Se. In the model of Rs, Sn now replaces Se. This gives a normative model,
by which is meant a model which indicates how reality – the case – should be
arranged. If, instead, the research assignment deals with the evaluation of the
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new transport system Sn, then Sn is applied in the model of Rs, after which Sn
is evaluated given Rs conditions.

In evaluation studies, simulation and/or mathematical methods can be used
for manipulating the model of Rs. These methods, and especially their
combination (see Jensen et al. 2001) are recommended here for predicting
the performance of Sn.

10.2 DEFINITIONS AND SYSTEM COMPONENTS

Intermodal transport is defined here as the movement of goods in a load
unit between a point of origin and a point of destination, where the load
unit is tranferred at least once from one mode of transport to another
between these two points. Between the points of origin and destination the
load unit is neither loaded nor unloaded. Load units will usually be mari-
time containers, continental containers, swap bodies and semi-trailers of
various sizes. A common example of intermodal transport is intermodal
road–rail transport using swap bodies where goods are collected from ship-
pers by truck, transferred from truck to train at a load unit terminal, back
to truck at the receiving terminal, and from there distributed to receivers.

Central to the definition of intermodal transport is the requirement to
use at least two different modes between origin and destination. However,
it is up to the user of this conceptual framework to define the concept of
‘mode’. As far as applicability is concerned, this framework may also be
useful in cases where only transport units from the same mode, but of very
different sizes, operate on different links separated by terminals in a trans-
port chain. Line-based trucking could be one example where big trucks are
used for the main haul and small trucks for pickup and delivery of load
units. Another example could be big container ships cooperating with small
feeder container ships.

Following the definition of the concept of intermodal transport given in
this chapter, an intermodal transport may be a door-to-door transport
from the shipper to the final receiver if the goods stay on the load unit in
between. However, it may also be a subset of a door-to-door transport
chain. In this case, the point of origin may represent a point where a road
haulier finally consolidates the load unit with small shipments after a col-
lection trip, and the point of destination may represent a first breaking
point followed by a distribution trip to the remaining receivers.

To some users, the meaning of the term ‘intermodality’ is any coopera-
tion between different modes in a transport chain, whereas others stipulate
the use of load units in intermodality concepts. The latter is the view taken
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here. According to the definition developed here, intermodal transport is
conceptually identical to combined transport. According to the former
view, combined transport is a subset of intermodal transport.

Intermodal transport takes place in an infrastructure network of links
and nodes. Transport units with motive power (trucks, trains, deep-sea
vessels, short-sea vessels, barges and aeroplanes) move the load units along
the links between nodes (terminals). If using a direct link between two ter-
minals is inefficient, load units may be transferred between or within modes
at intermediate terminals. Figure 10.1 shows that any move of a load unit
in the network between origin and destination involves a chain of links and
nodes.

All the different origin-to-destination transport chains making it up
define an intermodal transport system or network. In these chains, it is
useful to distinguish between boundary links having customer contact and
line haul links in the interior of the network. In Figure 10.1a, L is a line
haul link between two sets of boundary links. In Figure 10.1b there are two
line haul links, L1 and L2. In Figure 10.1c, finally, there are three line haul
links L1, L2 and L3. The corresponding subsystems will be called boundary
systems and line haul systems. Normally, transport units operating on line
haul links have much higher loading capacity than those operating on
boundary links. In extreme cases, a chain may consist of boundary links
only, for example when the origin or destination represents a very high
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Figure 10.1 Intermodal transport chains
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transport volume. Then one of the boundary links will function as a line
haul link at the same time. In certain strategic analyses another concept,
here designated ‘extended intermodal transport system’, is useful. It con-
sists of all transport chains between shippers and final receivers of ship-
ments in the market that are entirely or partly covered by the new
intermodal system being analysed.

The first part of a journey of a load unit in a chain is a subset of a con-
solidation process in the boundary subsystem where load units are consol-
idated through a node to transport units with higher loading capacity.
Transport units having the maximum loading capacity such as trains or
deep-sea vessels operate the line haul link(s) of a chain. This link also, nor-
mally, extends over the longest distance, that is, the main haul. Having
passed this link, the load unit becomes involved in a distribution process
that includes at least one link. The main haul will normally be either by ship
or by train. Ship is usually combined with train, barge or truck, or two of
these, and train as the main haul is combined with truck. Load units
may be transferred between links either at intermodal terminals or at
intramodal terminals where load units on vehicle or vessel components
without motive power are transferred between links. Depending on the
combination of transport units, terminals and load units used, the systems
will be rather different in practice.

10.3 SYSTEM DESIGN CONCEPTS FOR
COMPETITIVENESS

Objectives of Intermodal System Design

It is assumed that the system designer has two main objectives:

● To design an intermodal transport system that has a significant, sus-
tainable competitive advantage (SSCA).

● To design an intermodal transport system with good market entry
ability (MEA).

SSCA refers to a unique combination of properties that allows the system
to provide an output with a cost–service ratio that is preferred by customers
over the closest competing alternatives. ‘Significant’ means that the
difference is big enough and ‘sustainable’ that it will last for a sufficient
period of time. Analytically, a negative SSCA outcome is defined here to
represent a disadvantage. SSCA and MEA are not independent properties.
An SSCA may facilitate a quick and easy entry into the market if there are
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sufficiently low entry barriers such as in competitive markets. However, if
entry barriers are moderate or severe, as they may be in oligopolistic
markets, an SSCA may not be enough to capture a sufficient market share
fast enough for a system before financial difficulties occur. The result could
be that a superior system might suffer severe capital losses and perhaps have
to leave the market.

Intermodal transport systems are complex, capital-intensive projects.
They require large task-specific investments in assets having a long life,
assets that may have limited alternative uses. There is a risk that the system
owners will incur sunk costs if they have to leave the market. Therefore, it
is essential that the system designer understands the relationship between
the sustainability of the SSCA of the proposed system on one hand and the
risk of sunk cost on the other. This relationship is influenced by elements
related to transport policy, competition, system component design and
contracting between system actors, to mention a few. The need for sustain-
ability increases with the size and probability of incurring sunk costs.
Sustainability must be created by fundamental properties of the intermodal
transport system that are difficult to meet or copy by competitors, at least
in the medium run. Theoretically, the time horizon should be related to the
pay-off time of major investments that may become sunk costs.

Significant, Sustainable Competitive Advantage (SSCA)

Several strategies may make intermodal transport competitive. However,
applied to intermodal transport system design, an SSCA strategy seems to
involve three general sub-strategies (for general treatments see Alderson
1957; Porter 1980; Faulkner and Bowman 1992) that are more important
than others:

● Cost advantage strategy.
● Differentiation strategy.
● Focus strategy.

Possible strategy elements supporting the three strategies are shown in
Table 10.1.

Cost advantage can be created in several ways, as seen in Table 10.1.
Some are related to the capital assets of the system and others to the ways
these are operated. The various factors in the table shall not be perceived
as independent. Economies of scale and scope are related to resource uti-
lization of infrastructure and transport units. These economies tend to
increase with increasing demand, so high and stable demand is important
for realizing cost advantage. Economies of network can be created by
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improved utilization of transport units and labour in networks by coordi-
nating activities over different links. Loading factors are related to the
resource utilization of load units. In the monetary dimension, all these
‘economies’ reduce unit costs by increasing output for given levels of
common and fixed costs in various parts of the system. Standardization
reduces investment needs in transport units, handling equipment and load
units in two ways. One is by reducing their prices from suppliers owing to
simplifications and scale economies in manufacturing. The other is by
reducing their number, since standardization will improve their resource
utilization in transportation. Another effect of standardization is lower
maintenance costs. Subsidies (including positive non-monetary special
provisions) will tend to reduce business economic costs1. Their socio-
economic cost effect may be either positive or negative depending on the
circumstances.

A differentiation strategy in economic and marketing theory describes
how sellers can provide value to customers by making their product or
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Table 10.1 Possible strategy elements of cost advantage, differentiation
and focus strategies in transportation

Cost advantage Differentiation Focus

Economies of scale Transport quality: Spatial segmentation
Economies of scope • transit time Customer segmentation
Economies of network • frequency Narrow product line
Standardization • reliability Unique specialization
Loading factors • goods comfort
Resource utilization • security
Choice of technology • controllability
R & D • flexibility
Automation of • detachability
handling and traffic • expandability

Experience Environmental impact:
Terminal location • emissions
Round-trip timing • other pollution
Subsidies • noise

• accidents
• land use
• energy use
• congestion
Marketing channels
• traditional
• Internet



service offerings different from those of their competitors. Central to the
differentiation concept is how the output is perceived and evaluated by
the buyers and by regulatory forces influencing output or its production.
The buyers will in most cases be shippers, but may, by way of exception, be
regulatory public bodies. In the latter case, the goal for a differentiation
strategy must be to satisfy both.

The most obvious service differentiation of intermodal transport is
quality differentiation. Most of the nine quality dimensions mentioned in
Table 10.1 are well known. The term ‘controllability’ refers to the trans-
parency of the freight flow to the customers regarding their own shipments.
The availability of positioning and communication systems determines the
transparency of the flow. Detachability refers to what extent shippers at
points of origin and receivers at points of destination can release handling
resources and administrative activities from the departure and arrival times
of load units. Expandability is the ability to integrate the use of load units
into the pre- and post-transport processes for logistics or manufacturing
purposes, for example to move mini-containers into factories instead of
unloading their content at loading docks.

The table includes environmental impact, that is, negative externalities,
as a differentiation concept because it is a property that is regulated in
various ways by society. It is also becoming increasingly important to the
marketing departments of shippers’ companies (Reinhardt 1999; Roy and
Vézina 2001). The contemporary trend in transport policy is an ambition
to convert environmental impacts to economic decision problems for the
actors in the market by internalizing external environmental costs to busi-
ness economic costs. Environmental impact is a property related to the
entire system as such, and the system designer cannot neglect it.

The differentiation, cost advantage and focus strategies will of course
always exist in combination. Emphasis may be on either differentiation or
cost advantage or both. Since they are interrelated, emphasizing both tends
to result in average profiles for both strategies. This result can be difficult to
market to customers. The role of the focus strategy in transport is to
strengthen the cost advantage–differentiation combination by offering the
output to a set of selected spatial and customer segments in the market in
order to maximize the SSCA. This has implications for intermodal system
design.

As an illustration of the role of the focus strategy, let us assume that
existing transport in a region can be improved by introducing a new inter-
modal transport system. For simplicity, assume that the impact from the
intermodal system on the performance of the existing transport system
can be neglected. Then it might be relevant to measure how the inter-
modal system could improve the performance of the goods flows

194 Design and modelling



conquered from the existing transport system. The role of focusing can
be illustrated by comparing improvement in total performance with
improvement per unit of output. Performance per unit of output can be
represented by reduction in cost or emissions per unit, for example per
tonne of goods or per load unit. Total performance improvement in turn
could be represented by the reduction in total cost or emissions.
Figure 10.2 illustrates performance as a function of spatial focusing along
the horizontal axis in terms of increasing size of collection and distribu-
tion areas around end terminals following a well-defined rule for includ-
ing spatial segments. In this context, the question for the system designer
could be whether the objective is to design for an optimal niche market or
an optimal mass market.

Market Entry Ability (MEA)

Some of the most important factors determining an intermodal transport
system’s ability to enter the market are designated integrability and
communicability.

The concept of integrability represents the intermodal system’s ability
to prevent or reduce the difficulties it will meet when trying to enter the
market. Such difficulties may be caused by the existing entry barriers or
by turf-defending measures that the existing actors may invent in order to
protect their market shares during a newcomer’s first time in the market.
A new transport system is said to be integrable if it is designed to reduce
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Figure 10.2 Total performance and performance per unit as a function of
level of focusing (increasing focusing here corresponds to
increasing size of customer districts around terminals)

Performance

             Total performance

      Performance per unit

                           Focusing



entry barriers and competitors’ turf defence by absorbing critical com-
ponents, if necessary, from the systems it is planned to gain major market
shares from. As an example, a railway company may be able to integrate
existing road hauliers into a new intermodal system for pickup and deliv-
ery activities instead of using its own trucks from a subsidiary company.
Generally speaking, by ‘critical components’ are meant relevant interor-
ganizational relationships and production resources. The most critical
relationship may be the existence of strong ties between carriers in the
existing transport system and the shippers, but ties between carriers
producing the transport service in the existing system may also be critical.
Production resources referred to in this context are mainly transport
units, terminals and personnel. The need of integrability increases with:

● Increase in strength of ties between shippers and carriers in existing
transport systems.

● Increased financial strength and increased ability of existing trans-
port systems to take responsive action.

● Remaining life and lack of alternative uses of the existing transport
systems’ investments, which is related to increasing risks of sunk
costs.

An intermodal transport system is said here to be communicable if it can
be given a profile that facilitates potential buyers to compare its value to
them with the value of the closest alternative. The image of this profile may
be created both in direct communication with the buyers or indirectly by
interpersonal or interorganizational processes. Creating this profile is not
only a marketing issue; it is also related to intermodal system design. In
order for a customer to change transport supplier or solution, the change
must lead to significantly improved performance. For many shippers, the
cost of transportation is only a small part of the total product cost, and the
energy they are prepared to devote to transport decision problems is
limited. If a forwarder or logistics service provider is the customer, he will
also require a significant improvement in performance with controllable
risk in order to accept a new system. Therefore the difference must be dis-
tinct and significant. If there are, say, three performance dimensions that
are important to customers, then the system will be communicable if per-
formance is better in all three and significantly so in at least one. The system
is also communicable if it performs significantly better in one or two and is
perceived as equal in the remaining ones. However, if it is superior in one
dimension and inferior in another, the profile will lose in communicability.
The conclusion is that a system designer must also consider the communi-
cability of the SSCA of the system.
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10.4 SYSTEM DESIGN PROCESS

External Conditions for Intermodal System Design

Early in the design process it is necessary to make a thorough external
analysis in order to discover strategic factors that must be considered in
shaping the new system’s SSCA and MEA. The aim of the external analy-
sis is to specify requirements for system design expressed in terms of SSCA
and MEA. The most important factors in this context are those related to
competitors, customers and the society’s transport policy. With regard to
competition, it will in most cases be sufficient to analyse the existing system
representing the closest and most important competition and to use this as
a reference alternative with which to compare the new system. The cus-
tomer analysis, where shippers’ quality needs and quality sensitivity are
analysed, is a fundamental demand analysis, since the aim of the system
designer is to develop a system that is able to gain market share in a com-
petitive market. It is strategically important to analyse the effect of the new
system on the performance of the door-to-door transport chains in which
it is planned to operate, also in cases where the boundary of the new system
does not include links to shippers and final receivers. If this analysis of the
extended intermodal system is neglected (see section 10.2), critical shipper
or carrier conditions outside the boundary system may not be discovered,
such as required timings of departures and arrivals or track-and-trace
capabilities.

Figure 10.3 shows relationships between external determinants and the
various strategy elements of the SSCA and MEA of a new system. The
strength of the requirements represented by these relationships will depend
on the focus strategy assumed. That is, the system designer can adjust the
focus strategy to discover various combinations of elements of MEA and
SSCA in much the same way as the biologist adjusts his microscope to dis-
cover hidden relationships. The end result of the external analysis are sets of
specifications of requirements, say R1, R2, R3 . . . . Each set, say Rj for focus
level j, contains SSCA requirements and MEA requirements. The SSCA
requirements indicate what the intermodal transport system must fulfil in the
various dimensions of the SSCA concept. In any dimension, these require-
ments must be expressed in relation to the performance of the competing ref-
erence alternative in terms of ‘significantly better performance’, ‘the same
performance’ or ‘inferior performance’. The specification Rj also contains
MEA requirements or guidelines related to the communicability and inte-
grability of the system corresponding to Rj. One or more specifications of
requirements may be chosen as bases for further system development. In this
choice, the system designer will also take various absolute constraints into
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consideration such as available technologies and resources for investment to
the extent that these are known at this preliminary stage.

Relationships Between Intermodal System Design and Performance

Using the specification of requirements from the external analysis, the
system designer is assumed to manipulate design components under his
control to design an intermodal transport system fulfilling the performance
objectives. Theory can give some guidance on main relationships between
various design components and performance in terms of SSCA and MEA.
Figure 10.4 shows some generalized main relationships. These will be com-
mented upon below.

The choice of intermodal technology involves, among other things, a
specification of the main types of load units, the main types of transport
units, and the main types of terminal handling equipment to be used in the
system.
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Figure 10.3 Relationships between external determinants and elements of
MEA and SSCA of new system
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The choice of infrastructure use concerns the utilization in space and
time of the infrastructure network. Fixed terminal assets are considered to
belong to infrastructure. When links and nodes in the network have been
chosen, the task is to investigate whether there are restrictions for the uti-
lization of the network as regards time, load unit weight and profile, type
of transport unit and so on.

The transport unit plans for the line haul system specify distance, transit
time and capacity for transport units moving between terminals in trans-
port chains. The plans are fundamental to the calculation of costs of trans-
port capital such as ships, locomotives, railway wagons, trucks and
handling equipment, and also to the calculation of operational costs such
as labour and energy costs. The plans allow calculation of costs of infra-
structure use. The transport unit plan for the boundary system has the same
role for the system’s interface with consignors and consignees. The plans for
transport unit and terminal operations together influence transport chain
quality.

The spatial focusing determines the areas within which goods are col-
lected and distributed around end terminals of chains. It decides, among
other things, the potential demand for the system and thus also the base for
economies of scale and scope. The shape of areas and the spatial distribu-
tion of demand around terminals are determinants of the system’s envir-
onmental advantage.
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Figure 10.4 Main relationships between system design components and
performance objectives
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Design and Evaluation Process

The system designer’s goal is to develop an intermodal transport system able
to enter the market and survive there by attracting sufficient demand. Two
conceptual instruments for analysing entry and survival problems suggested
here are the SSCA and MEA concepts. SSCA contains the concepts repre-
senting potential competitive advantages: cost advantage, quality advantage
and environmental advantage. A thorough demand analysis covering shipper
and consignee conditions is a necessary first step in developing a new trans-
port system with sufficient SSCA. The determination of an advantage also
implies comparison with the most important competing system, here called
the reference alternative. Therefore, the final choice of design of the inter-
modal transport system involves a design and evaluation process where
various designs of the new system are compared with the reference alterna-
tive along selected performance dimensions in order to estimate whether the
new system can attract the demand needed. Jensen (1990, p. 56) suggests an
iterative method for this process until a satisfactory solution is reached.

The model in Figure 10.5 provides a normative picture of the organiza-
tion of the design and evaluation process. It deals with some fundamental
strategic issues of intermodal system design.

The first step (A) in the process in Figure 10.5 is the formulation of per-
formance requirements (cost advantage, quality advantage, environmental
advantage, integrability and communicability) based on an external analy-
sis. It stipulates what performance dimensions to give priority to, and how
to distribute the advantages across dimensions. The most important base
for this analysis is the demand from the shippers of the competing trans-
port system (the reference system).

The next step (B) involves selecting a system design from a large set of pos-
sible designs determined by the number of feasible combinations in practice
of intermodal technologies, infrastructure uses, transport unit plans for
line haul and boundary links, and terminal operation plans. Some of the
performance requirements will be formulated as restrictions in step A. These
restrictions will limit the number of alternatives that have to be studied.

Step D affects the cost advantage, quality advantage and environmental
advantage of the system. For example, in the cost dimension, there is a
complicated trade-off between lower unit costs due to economies of scale
in the line haul system and higher unit costs in the boundary system for cre-
ating the goods volumes necessary for utilizing scale economies. Similar
arguments can be applied to the environmental dimension. Step D uses a
choice function predicting how customers will choose between the new and
the reference system based on the performance for individual customers. In
these analyses steps D–H may be interacting simultaneously. In step H the
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question is whether total gains within the given focusing will allow realiza-
tion of the new system and fulfil the goals, possibly after some redistribu-
tion of gains among customers.

10.5 EVALUATING THE SSCA: SOME ASPECTS

In this early phase of research, a reasonable objective is to evaluate the
SSCA of the proposed system assuming a steady state condition. One

Designing intermodal transport systems 201

Figure 10.5 Intermodal transport system design and evaluation process
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important problem is to conclude whether freight customers of the refer-
ence system having different choice criteria will choose the new intermodal
system if given the opportunity. For a given customer, this is assumed to be
the case if the new intermodal system will perform better in the perform-
ance dimensions than the reference alternative for that customer. The ques-
tion is: when is it better?

The Problem of Multidimensional Performance Objectives

The evaluation approach developed here involves a door-to-door compar-
ison between the new system Sn and the reference alternative Se along the
most important performance dimensions. Effects outside system bound-
aries on other systems are assumed to be negligible. Let P1, P2, P3, . . .,
represent outcomes for goods flows in performance dimensions 1, 2, 3, . . .
and so on, and �P1, �P2, �P3, . . ., differences in outcomes for goods flows
between the new system and the reference system. Then the degree of SSCA
will be a function of �Pi, i � 1, 2, 3, . . . . Analytically, the degree of SSCA
of the new system will be a variable that has to be defined for individual
goods flows between pairs of spatial coordinates, for example in an O/D-
matrix containing all flows between origins (O) and destinations (D). Such
flows can represent flows between pairs of customers, customer segments
or spatial demand segments.

The new system’s SSCA for a given goods flow may be more or less inter-
pretable depending on the outcomes of �Pi. If �Pi, i � 1, 2, 3 . . ., all rep-
resent some advantages and some ties2 (or some disadvantages and some
ties) for the new system, and interpretation is easy. However, if �Pi repre-
sents both advantages and disadvantages, interpretation becomes more
problematic. Should the advantages belong to the most important dimen-
sions and the disadvantages to the less important ones, such an allocation
could be interpretable.

If this is not the case, a general method suggested by Miller and Starr
(1963, p. 162) can be used to create a rank order between the two
systems consistent with the preferences of the decision maker (assumed
to be associated with the goods flow of concern, for example the shipper).
To use this method, it is necessary to rate the relative importance of the
different performance dimensions to the decision maker, for example by
the constant sum method (see Churchill 1995, p. 482). Let the relative
importance be given by the positive numbers a, b, c, . . . and so on,
where increasing value represents increasing importance. If the out-
comes of the two systems in the P-dimensions are given by Pe1, Pe2,
Pe3, . . . for Se, and Pn1, Pn2, Pn3, . . . for Sn, then the products of the
powers for both systems P(Sn) � (Pn1)a (Pn2)b (Pn3)c . . . , and P(Se) �
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(Pe1)a (Pe2)b (Pe3)c . . . represent composite performance indices. If
P(Sn)/P(Se) � 1, then the new system Sn has the preferred composite per-
formance (assuming that increasing P-values represent decreasing prefer-
ence). This method is invariant to the unit of measurement used in the
various dimensions. It assumes that the P-dimensions are measured along
ratio scales.

Another approach that may solve the evaluation problem is to design the
transport system so that the evaluation can be simplified. The method is to
identify performance dimensions where the new system appears to be able
to perform better than the reference system, and also the dimensions where
the reference system is strong. In the latter dimensions, restrictions for
system performance are placed on the design of the new system, and the
creation of competitive advantage will have to be allocated to the former
dimensions.

Such a design strategy could be that the new system must be at least as
good as the reference alternative in some dimensions and significantly
better in others. The guiding imperative for the system designer could be
formulated as ‘equal in quality and significantly lower in cost’ or ‘equal in
quality and significantly lower in cost and environmental impact’. Such
formulations also tend to maximize communicability to customers and
principals.

Comments on the Performance Categories

The business economic cost is the fundamental cost dimension. The calcu-
lation implies simply to sum and compare the costs of the actors in Sn and
Se assuming that payment flows between actors in Sn can be arranged to
assure system cooperation. Strategic information may be extracted by
grouping costs into infrastructure costs, flow capacity costs from transport
units and handling equipment, and goods flow costs from utilizing the
given flow capacity. Costs should also be allocated to links and nodes and
to different actors.

From a strategic perspective, it gives additional insight to consider also
the socio-economic cost dimension. If Sn has a business economic cost
advantage, but a disadvantage in terms of socio-economic costs, a strategic
risk is that government policy will internalize some of the external costs of
transportation. This could turn the business economic cost advantage into
a disadvantage. The opposite situation could represent a strategic oppor-
tunity, that is, if Sn has a business economic cost disadvantage but a 
socio-economic advantage. This situation may be changed either by inter-
nalization of external costs affecting Se harder than Sn or by giving subsi-
dies to Sn.
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There are several transport quality dimensions. However, in comparing
Sn and Se some outcomes will be the same, and some dimensions may be
of minor importance. This normally leaves transit time, frequency and reli-
ability as candidates for further consideration. Transit time will depend on
the spatial focusing and technological design of the system, frequency on
the operational design, and reliability on both technological and oper-
ational matters. A viable approach is first to build outcomes of all four into
the system by technological and operational design, and then to manipu-
late transit time by focusing.

The degree of environmental advantage for Sn depends on the location
of the infrastructure network, technological designs, operational designs
and spatial focusing on customers compared with those of Se. Some envir-
onmental advantages are possible to control to a certain extent at a cost
by the technological design of transport units (for example air pollution
other than carbon dioxide). Others are more dependent on the freight
tonne-kilometres and transport unit-kilometres necessary to move the
goods from origins to destinations (for example carbon dioxide). The rec-
ommendation here is to try to estimate air emissions in physical measures
for both systems and to calculate the differences between Sn and Se. This
can be done in the simulation study described earlier in this chapter. The
remaining environmental dimensions will probably be evaluated on ad hoc
bases both quantitatively and qualitatively. At least, congestion and acci-
dents should be included in the socio-economic cost evaluation because
they involve rather crude measurements and are events occurring in inter-
action between Sn, Se and surrounding systems.

10.6 CONCLUSION

This chapter develops a conceptual and methodological framework for the
design and evaluation of intermodal freight transport systems. It has been
written with the conviction that a young area of research such as inter-
modal freight transport research has to be generalized conceptually and
methodologically without loosing its bonds to the specific area of applica-
tion. It assumes that any transport system will have to compete for
customers within the framework given by national and supranational
transport policy. Therefore design aspects of competitiveness have been of
prime concern in writing this chapter. The conceptual means for this, which
also represent a unique feature of this chapter, are the concepts of
significant, sustainable competitive advantage (SSCA) and market entry
ability (MEA). The applicability of these concepts is not constrained to the
development of new transport systems. They have relevance for modifying
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existing transport systems as well. Another unique feature of this chapter
is the suggested integration between transport system design and transport
system evaluation. If done properly, costly mistakes or foregone opportu-
nities can be avoided in the design phase of transport system development.

NOTES

1. The term ‘business economic cost’ is used in this chapter as identical with ‘private cost’.
2. A tie is said to exist if two values are equal.
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11. Intermodal freight network
modelling
Florian Schwarz

11.1 INTRODUCTION

Intermodal transport is expected to play a major role in European freight
transport. In the past, however, most of the expectations of freight volumes
to be handled by intermodal transport have been far too optimistic. For
future research on intermodal transport networks two major tasks arise
from this experience:

● Development of models that accurately describe intermodal trans-
port networks and their possible influence on the modal split.

● Analysis and optimization of intermodal transport networks in order
to achieve a more competitive intermodal transport system.

Both tasks require the modelling of intermodal freight networks. In this
chapter, after a short introduction into intermodal transport modelling,
some modelling approaches for intermodal freight networks are described,
with special attention paid to models that make use of geographic infor-
mation systems (GIS). Then a new approach for the modelling of inter-
modal transport networks for seaport hinterland container traffic is
presented. The goal of this chapter is the investigation of new trimodal
transport networks, combining barge, rail and road transport within the
same transport chain. The modelling approach for this chapter is based on
using both geographic information about the available transport infra-
structure for road, rail and inland navigation, and detailed information
about necessary processes within intermodal transport chains.

11.2 INTERMODAL TRANSPORT MODELLING

Intermodal freight transport is defined as ‘the movement of goods in one
and the same loading unit or road vehicle which uses successively two or
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more modes of transport without handling of the goods themselves in
changing modes’ (UN/ECE 2001). For an efficient transshipment between
the modes the goods are unitized in loading units, for example containers
or swap bodies. The set of processes forming intermodal transport is
referred to as a transport chain, defined as ‘the sequence of technical and
organisational related processes, in which passengers or goods are moved
from an origin to a destination’ (DIN 1984).

‘The advantages of intermodal transport are based on the cooperation
of the transport modes road and rail [also barge], combining their system-
specific strengths into an independent transport system:

● Efficient and environmentally-friendly transport of large trans-
port volumes over long distances on the main axes of the railway
network.

● High flexibility of trucks for the road-based pre-haulage from
the shipper to the terminal and the end-haulage from the termi-
nal to the receiver.’ (Buchholz et al. 1998)

This definition clearly states one major prerequisite for efficient and com-
petitive intermodal transport: the existence of large freight volumes
and/or long transport distances. For transport relations that do not fulfil
at least one of these requirements, only intermodal transport networks
with bundling of freight volume, at least for some parts of the transport
chain, can provide competitive transport offers. For the bundling of
freight in intermodal transport networks some basic structures are
possible,1 that have been identified within the TERMINET project
(Kreutzberger 2002; Trip and Kreutzberger 2002). These basic bundling
principles have to be incorporated in some way into intermodal freight
transport models.

In general, transport planning models for both passenger and freight
transport have a relatively common structure (European Commission
1996), based on the phases:

1. Production and attraction: estimation of freight volume for each zone.
2. Distribution: origin–destination matrix of transport flows.
3. Mode choice: decision by which mode and means transport takes

place.
4. Traffic conversion: conversion of transport volume from tons to

vehicle trips; especially important for freight transport modelling.
5. Assignment: networks are loaded with the trip matrices.
6. Calibration and validation: comparison with observed traffic to vali-

date the model results.
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The actual approach for the modelling of intermodal transport net-
works, however, depends on the actual objective of the investigation. First of
all, the planning horizon of the model determines possible approaches.

At least three levels of transport planning can be distinguished (Crainic
2000):

● Strategic planning (long term).
● Tactical planning (medium term).
● Operational planning (short term).

Within the tactical planning level Crainic (2000) distinguishes further
between ‘frequency and dynamic service network design models. The former
typically addresses strategic/tactical planning issues . . . Typical issues
addressed by such models concern questions such as: What type of service
to offer? How often over the planning horizon to offer it? What traffic itin-
eraries to operate? What are the appropriate terminal workloads and poli-
cies?’ These issues are addressed by the new modelling approach discussed
later on, which is to be classified as a strategic/tactical planning model.

Macharis and Bontekoning (2002), who performed an extensive litera-
ture survey to provide an overview of the use of operations research (OR)
techniques in intermodal freight research, classify these studies addition-
ally by the type of operator and their tasks, distinguishing:

● Drayage operators: planning and scheduling of trucks for pre- and
end-haulage.

● Terminal operators: transshipment operation between the modes.
● Network operators: infrastructure planning and organization of rail

or barge transport.
● Intermodal operators: users of intermodal infrastructure and ser-

vices, route selection for a shipment through the whole intermodal
network.

This classification, however, does not provide a complete picture of the type
of actors possibly involved in intermodal transport. In the group of inter-
modal operators, a further distinction seems necessary, as the tasks
described for intermodal operators can be performed by different actors:

● ‘Real’ intermodal operators like the German Kombiverkehr or the
Swiss Hupac, that organize intermodal networks but usually buy
the actual transport services from railway undertakings.

● Logistics service providers or forwarding agents, that determine the
type of transport mode to be used and in some cases operate their
own intermodal network.2
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● Shipping companies, that for container traffic to or from the seaports
often determine the transport mode to be used3 and in some cases
operate their own intermodal network.4

A group of actors that were not in the interest of the study by Macharis
and Bontekoning, but nevertheless have a major influence on intermodal
transport networks, are policy makers. From a regional level, for example
concerning decisions about terminal locations, to a European level, for
example regarding major infrastructure projects as well as taxation issues
and charges for infrastructure use, the decisions taken by policy makers set
the conditions for the planning and operation of intermodal networks.
Hence, a multitude of freight transport models have been developed to
describe intermodal networks and estimate the consequences of policy
decisions on the modal split. An overview of available strategic transport
models is presented in the APAS5 study on transport strategic modelling
(European Commission 1996), that identified 43 models for freight trans-
port. A more recent overview of freight modelling is presented in a study
by Marcial Echenique & Partners Ltd (ME&P) and others (Study team
ME&P and others 2002), commissioned by the UK Department of
Transport. This study identifies 78 freight models at the international,
national, regional and urban levels. One of the models mentioned as state-
of-the-art is the STREAMS model, developed on behalf of the European
Commission for a European-wide transport flow forecast for 2020
(STREAMS 2000). The STREAMS structure includes both passenger and
freight traffic, and incorporates all modes (road, rail, inland waterways,
shipping, air, pipelines). The network presentation is link-based, where
links represent either physical connections or transfer links between the
modes.

However, from a logistics point of view, these policy-oriented models are
often not detailed enough regarding the actual costs, capacities and fre-
quencies of transport services. The STREAMS model for example distin-
guishes only two cost functions for freight transport by rail: bulk rail and
unitized rail. However, both the bundling principles in networks and the
actual transport means used within each mode highly influence the result-
ing transport costs and times. For actors directly involved in intermodal
network planning at a strategic/tactical level more detailed models are
therefore necessary.

The study by Macharis and Bontekoning identified a number of models
using OR techniques for the different actors involved in intermodal trans-
port. Still, one conclusion of the study is that ‘the number of studies that
integrate decisions of more than one operator and/or more time horizons
are very limited’. Thus ‘multi-actor, multi-stakeholder decisions support
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tools will have to be developed in order to capture the intermodal practise
better’ (Macharis and Bontekoning 2002).

For the scope of the modelling approach described hereafter studies on
strategic and tactical planning for network operators and intermodal oper-
ators are of relevance. First of all it has to be noted, that within this
group no model for intermodal operators was found by Macharis and
Bontekoning. The models for tactical planning presented by Newman and
Yano (2000) and Nozick and Morlok (1997) provide solutions for resource
allocation for a planning horizon from one week to one month. These mod-
elling approaches are not applicable for the strategic/tactical planning of
new trimodal transport offers, where for example the traffic itineraries to
operate have to be decided.

Janic et al. (1999) present a set of 20 evaluation criteria for intermodal
network performance, that may also be used for strategic/tactical planning.
These criteria were used for the assessment of innovative bundling networks,
using the simple additive weighting (SAW) multicriteria analysis. Costs of
different network concepts, however, were not included in the analysis.

Models for Strategic Planning for Network Operators

In this subsection, strategic models for network operators are presented
that on the one hand use GIS technology and on the other hand allow for
different transport means within one mode.

One of the first software tools that enabled the graphical analysis of multi-
modal transport networks was STAN (‘Strategic Planning of Freight
Transportation: STAN, an Interactive Graphic System’) (Crainic and
Florian 1990), which consists of several modules. The network editor of
STAN is used to describe the underlying multimodal network, consisting of
nodes and links. The flows are described specifying modes and products. A
mode is defined as ‘a means of transportation that has its own characteris-
tics, such as vehicle type and capacity, as well as a specific cost function’.
Parallel links between nodes are allowed, given that one link can be used by
one mode only. In the study presented in Crainic and Florian (1990), ten
modes were defined, five for rail, one for road, one for ports and three for
navigation (inland, coastal and ocean). Unit cost functions associated with
links and transfers are managed with the help of the function editor. The
most general assignment procedure provided by STAN is a multimode, multi-
product assignment method, which minimizes the total cost of shipping the
products considered, from origins to destinations, via the permitted modes.

A further development of this concept of ‘virtual links’ is incorporated
in NODUS, a GIS-based software tool developed at the Facultés
Universitaires Catholiques de Mons, Transport and Mobility Group
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(Jourquin et al. 1999; Jourquin and Beuthe 2001). An important contribu-
tion was the development of a structured notation and automatic genera-
tion of the virtual links, making it possible to deal rather easily with very
large networks. For this purpose, other than in STAN, a strict separation is
maintained between transport modes (for example rail, inland navigation)
and transport means (for example a train set, consisting of a specific
locomotive and a number of specific wagons, or a type of barge). Also
processes, which normally do not appear in a geographic representation,
for example loading and unloading, are represented in NODUS. One of
four different cost functions for moving, transit, transshipment, and load-
ing and unloading is automatically associated with each virtual link.
Minimizing the total generalized costs is possible by applying a shortest-
path algorithm. It is supposed that all the costs are proportional to the total
quantity transported. Further, ‘the assumption of total costs as linear func-
tions of distance is a prerequisite for this type of network modelling.
Nevertheless, the formulation of its coefficients can be as complex as
desired in terms of its parameters: time of operations, crew wages, cost of
fuel, capital cost, speed, insurance, rate of time opportunity cost, relative
values of a means’ quality attribute etc.’ (Jourquin et al. 1999).

A different approach was taken by Standifer and Walton (2000), who
developed a complete GIS network focused on the state of Texas, USA, and
used it to examine impacts of price, time, location and policy on shipper
routing. Two methods were used to assign costs to routes. First, costs were
placed in the link attribute database, which is the case for rail, truck and
barge movements and for two-mode intermodal facilities. The second
method was to use a turntable to assign costs at a given node. The draw-
back of this assignment methodology in comparison with the ‘virtual link’
concept is the linkage of costs to the attribute data, which does not allow
one to analyse different operating scenarios for a given link, for example the
use of larger or smaller barges.

Southworth and Peterson (2000) developed a single, integrated digital
representation of a multimodal and transcontinental freight transportation
network in order to simulate some 5 million origin-to-destination freight
shipments. This research, however, was somewhat different, as the modes
used for each transport were known beforehand based on the 1997
Commodity Flow Survey of the United States. The model was developed
to simulate the mileages with each transport mode based on the mode
sequences reported (Standifer and Walton 2000). To this purpose, the
routable single-mode networks were linked through a series of intermodal
truck–rail, truck–water and water–rail terminals, with appropriate costs
assignable to line haul, terminal access and egress, and within-terminal
links for shipment routing purposes.
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The virtual links concept as incorporated in NODUS seems to be a
promising approach for the modelling of trimodal transport chains. The
assumption of costs being proportional to the freight volume, however, is
not necessarily valid within a more detailed analysis of transport chains.
The introduction of a new transport service or a higher frequency leads to
higher fixed costs, whereas the transport volume may not rise in the same
way, leading to a lower load factor and thus higher transport costs. The list
of cost coefficients presented by Jourquin shows that the definition of ade-
quate cost functions in itself forms an interesting research field. To deter-
mine these costs, information about the available infrastructure and its
attributes, for example the types of barges that can be used, should be avail-
able. However, a more detailed analysis of transport costs and times for
different trimodal transport networks, as is the objective of the research
project described in the following section, will limit the geographical scope
of the model to a regional level. This approach follows the three-stage mod-
elling approach proposed by van Duin and van Ham (1998), which consists
of using different models according to the geographical scope of the model.
They propose an OR model for the European and national level, a spread-
sheet model for the national and regional level and a simulation model for
the regional and operational level.

11.3 MODELLING OF SEAPORT HINTERLAND
TRAFFIC

The research project ‘Modelling of Seaport Hinterland Traffic’ has been
introduced as a new project within the collaborative research centre,
Modelling of Large Networks in Logistics, financed by the Deutsche
Forschungsgemeinschaft (DFG).6 The modelling framework for descrip-
tion, design, visualization and analysis of logistic processes within the col-
laborative research centre is the process chain paradigm according to Kuhn
(1999). The goal of the research project on seaport hinterland traffic is the
investigation of the competitiveness of trimodal transport networks. Due
to the high proportion of containerized goods and the advantages of con-
tainers as standardized load units, the project concentrates on container
traffic, and more specifically on full container loads (FCL).

Despite the events of 11 September, for the world container traffic an
ongoing yearly increase of 7 per cent is still expected, or in other words a
doubling of the container flows every ten years (Lemper 2001). Therefore
an increasing networking between the individual ports and their hinterland
is mandatory to fulfil the high requirements placed on logistics processes in
the future. Approximately 65 per cent to 80 per cent of the total costs for
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the transport of containerized goods via seaports result from landside
activities, only about one-third from the sea transport itself (Breitzmann
1993). A high level of interest in improving the seaport hinterland traffic
exists among port authorities, shipping companies and freight forwarders.
Even so, the average time for a container to spend in the seaport terminal
is about 3–4 days (UNICONSULT and ISL 1998), offering some possibil-
ities for bundling freight volumes.

Concerning the spatial expansion of the hinterland of a seaport a clear
definition of its scope is not normally given, since the size and position of
the trading area are influenced strongly by infrastructural conditions and
the appropriate transport services of a port. The trading area or hinterland
of a port is generally counted as that space which receives the import goods
introduced via the seaport or which supplies the goods intended for export.
The range of the hinterland ends where the import and export processes
can be operated at lower cost by another port (Woitschützke 2000).

11.4 TRANSPORT ALTERNATIVES FOR SEAPORT
HINTERLAND TRAFFIC

The need to model seaport hinterland traffic is based on the wide variety of
intermodal transport alternatives, as presented in Figure 11.1. Reasons for
this situation are the bundling of large freight volumes in the seaport and
the direct transshipment in the seaport terminal to rail or barge, reducing
the intermodal chain by one drayage leg. Hence, compared with intermodal
transport within Europe, a major cost reduction is achieved, as the pre- and
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Figure 11.1 Transport chain alternatives for seaport hinterland traffic
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end-haulage accounts for up to 47 per cent of the overall transport costs for
intermodal transport chains, according to calculations of the Fraunhofer
IML (Fränkle and Schwarz 2000). Therefore intermodal seaport hinterland
transport can be competitive to road transport over shorter distances than
other European intermodal transport.

Direct truck or rail transport and intermodal transport chains including
one mode (alternatives 1 to 4 in Figure 11.1) are widely in use and therefore
not explained in more detail. Remarkable, however, is the successful devel-
opments of container transport by barge, which rose from 452 000 TEU
(twenty-foot equivalent unit) in 1991 to 917 000 TEU in 1997 for all
German inland ports, whereby about 80 per cent of the volume comes from
the ARA ports Antwerp, Rotterdam and Amsterdam (Planco GmbH
1998).

Barge transport in the form of hub-and-spoke networks with intermedi-
ate transshipment, alternative 5, has also been able to prove its competi-
tiveness with road or rail transport, especially for smaller rivers flowing into
the Rhine. Specially designed barges of the JOWI type (the name of the first
ship of that kind) with cell guides for the storing of containers, the same
system as usually in place in container ships for deep-sea container trans-
port, and a capacity of up to 400 TEU are employed for the main transport
relations, for example from Rotterdam to Mannheim and vice versa, while
feeder barges are used to link smaller rivers, like the Mosel or the Main. For
alternative 6, combined barge–rail transport, only a few examples are
known. A train connection is operated for a chemical plant from Hamm to
Duisburg, where containers are transshipped for barge transport to
Rotterdam. Similar connections exists between Ludwigshafen and the port
of Germersheim.

Alternative 7, combined barge–rail transport with trucking, might look
like a quite theoretical alternative, first of all because rail and barge nor-
mally are seen as competitors in similar market segments of goods trans-
port, and secondly because of the additional transshipment compared to
direct train transport. However, transport chains of this type are already
offered in the market, for example barge transport from Rotterdam to
Mannheim and ongoing rail transport to Munich.

In fact, this type of transport chain is given a high potential for increas-
ing the mode-share of rail and inland navigation in the hinterland con-
tainer traffic (Schuh 2001). A major hub in the hinterland, for example
Duisburg or Mannheim, could bundle freight coming by barge from several
seaports, in order to be able to offer more and/or more attractive rail con-
nections from this inland hub to the more distant hinterland.

The same principle could be applied for alternative 10, where the trans-
port from the hinterland hub to the seaport(s) is done by rail instead of
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barge. Transshipment or shunting at the bundling node could be avoided
when smaller trains are only divided or coupled, as is the case with the
German NECOSS train system between Bremerhaven and Kornwestheim/
Germersheim. This train coupling and sharing (TCS) concept was also the
basis for the design of the German Cargo Sprinter, a self-driving rail trans-
port unit for 10 TEUs. In the NECOSS case, however, the system is per-
formed with traditional trains. The TCS-concept would also be one
possibility to realize transport chains like alternative 9, where smaller trains,
coming directly, for example, from the production site of a shipper or going
to a large distribution centre, would be bundled at a terminal in order to
build one large train for the long-distance transport to or from the seaport.

Alternative 8 is probably the least likely for the time being. It could
become interesting, however, in connection with increasing transport
volumes to Central and Eastern European countries. To avoid too-
long transport times and infrastructure restrictions, for example on the
Rhine–Main–Danube channel or the Danube itself, rail transport from the
seaports of the Hamburg–Le Havre range to an inland navigation terminal
at the Danube, for example in Austria, and ongoing transport by barge on
the Danube could be feasible.

This examination of the transport alternatives for container hinterland
traffic shows that:

● a wide variety of transport alternatives exists, which makes an
efficient planning tool necessary in order to determine the best trans-
port alternative for given origin–destination flows; and

● the optimal transport alternative depends largely on the existing
infrastructure, especially for rail and barge transport.

The latter is actually not surprising, as the layout or topology is one of the
determining factors for every logistics system. For transport networks,
however, the topology is largely predetermined by the available infrastruc-
ture, like roads, railway tracks, inland waterways and terminals for the
linking of the transport modes. Hence, while the influence of the topology
on the transport network is quite high, the possibilities to change or adapt
the topology are very limited from an operator’s point of view.

However, the use of GIS to provide the necessary information for the
strategic/tactical planning of intermodal transport services is still a quite
new approach. Detailed, structured information about infrastructure con-
straints (for example costs for infrastructure use, possible speeds, necessary
traction power, diesel or electric traction) would enable a faster and more
reliable planning of new transport services. At the moment, this informa-
tion is usually available only within the actual transport operators. But
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these are not necessarily involved in the strategic/tactical planning for new
intermodal networks, which could be performed for example by ports to
attract new transport volume or by shipping companies to provide better
and/or less expensive services.

Furthermore, the processes associated with container transport have to
be considered in order to discover potentials for an optimized operation
of the networks. Based on project experience at the Department for
Transportation Logistics, huge optimization potentials still exist within
intermodal transport chains. This could be proven in a project for the
reduction of transport time between Munich and Verona from 12 to six
hours. In particular, the utilization of rolling stock could be optimized by
better round-trip planning and minimizing idle times of the resources, for
example waiting at terminals.

Hence, the methodological approach for this chapter is to combine infra-
structure information and process information for the modelling of inter-
modal transport networks. This approach should allow analysts to consider
different options for combining transport modes in seaport hinterland
traffic. At the same time, the influences and interdependencies of different
performance indicators, like transport costs, times, capacity and frequency
and so on, can be studied. For this purpose, databases are developed with
the key performance indicators of the different parts of the transport
network, like terminals, rail and barge transport, and pre- and end-haulage.

11.5 INFRASTRUCTURE IMPLICATIONS FOR THE
TRANSPORT MODES

Introduction

In this section the implications of the available infrastructure on the
different transport modes and the choice of the transport vehicle are
described. This is done separately for the three transport modes road, rail
and inland navigation, as well as for the terminals. In the final section of
this chapter a few remarks are made about the availability of this infra-
structure information.

Road Infrastructure

In principle, road infrastructure has the least influence on the actual trans-
port operation. Vehicle limits regarding length, width and load capacity are
standardized throughout Europe, with very few exceptions, for example in
Sweden longer vehicles are allowed than in the rest of Europe. Even so, the
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availability of digitized road map information has had a huge influence on
better transport planning and disposition, as it allows for optimized
routing and an easy estimation of transport times. The road map informa-
tion available normally contains the road network divided into nodes and
links. The node data contain the geographical location and the character-
istics of this node, for example if it is a junction (exit) or an intersection,
the city and/or postal code area. The link data contain the nodes that are
linked, the road length, the type of road and the road name. For each type
of road an average speed for different types of vehicles can be defined (for
example 60 km/h for a truck on a highway). As the same vehicle can be used
throughout Europe, a calculation of transport times and costs for con-
tainer transport, based on the distance, is easily possible. Only the weight
and type of container must be known, as heavy 20 ft containers limit
the capacity of a truck to 1 TEU, while its normal capacity is 2 TEU.
Additionally, for longer distances limitations due to labour regulations
have to be considered.

Rail Infrastructure

Due to the poor interoperability of European railways, detailed informa-
tion about the railway infrastructure is necessary for the planning of
railway operations, as shown in Figure 11.2, which is still far from being a
complete list.

The technical information listed on the left side of the figure is necessary
to determine the appropriate type of transport means, consisting of loco-
motive and wagons. Speed and distances are necessary to calculate transport
times and costs. A huge influence on the transport costs is the track access
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Figure 11.2 Necessary information about rail infrastructure
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charges, which often depend on the type of rail track used, for example
whether it is a main line or a branch line. Considering the development to
separate passenger traffic from goods traffic on the European rail network
to utilize its capacity better, it is also necessary to know whether a track is
reserved for goods and/or passenger traffic. Infrastructure operator, driving
restrictions or average track utilization are also important for the actual
implementation of a rail service.

Inland Waterways

Within inland navigation, the influence of the available infrastructure on
the capacity of the transport means is even greater than for rail transport.
While on the Rhine large vessels with a width of up to 15 m and a length
up to 135 m are allowed, on most channels only a length of 85 m and a
width of 9.50 m is possible. Also, the available draught decides a ship’s
capacity. Most European waterways are classified according to a stand-
ardized classification system, which describes the maximum dimensions
of ships that are allowed on the waterway. For container transport,
however, the height of bridges, which is not included in the classification
system, is also important. In fact, in Germany the limited heights of
bridges in the canal regions, which allow only for two-stack container
transport, are the major obstacle for an increase of container transport
services by inland navigation. Even so, some early successes of barge trans-
port in this canal region have been reported (Zimmermann and Matheja
2000).

Depending on the type of inland waterway and the direction of trans-
port, huge speed differences exist. While most canals are subject to a speed
limit, on many rivers the speed is determined only by the power of the
engine and the direction of the ship. In some situations the operating hours
of the locks may also have an influence on the transport time, as they are
usually not operated 24 hours a day, and thus waiting times may arise. The
fees for locks are included in the fees for canal or river use. Apart from the
Rhine, Elbe and Danube, fees have to be paid for all rivers and canals in
Germany. In order to examine the possibilities for container transport on
a given waterway, specific information is needed, as shown below:

Point-related data:
● Location of ports and container terminals
● Connections between rivers/canals
● Location and height of bridges
● Location and dimensions of locks
● Time schedule of locks
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Link-related data:
● Name and classification
● Distances
● Speed limits for each direction
● Average draught available
● Access fee

Terminals

Terminals as connecting nodes between the transport modes have a major
influence on the possible network configurations. Especially for the con-
nection of barge and rail transport, some specific information about the
terminal is necessary, for example the length of the tracks inside the ter-
minal, or whether a direct transshipment from barge to rail is possible.
Table 11.1 presents a preliminary list of necessary terminal information.

11.6 AVAILABILITY OF INFORMATION

As explained before, digitized road map information is already present at
the Fraunhofer-Institute for Material Flow and Logistics. For inland
waterways detailed information is available from the national authorities,
for example the German authority for rivers and canals. This information
has been structured in order to create a database containing all relevant
information on inland waterways, as specified in the section before. Because
of the limited complexity of the inland waterways network, this task could
be performed with a reasonable manual effort.

Regarding intermodal terminal information, for the German ports an
extensive study was performed in the year 2000, funded by the German
Ministry for Transport (Planco GmbH 2000). This information is
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Table 11.1 Infrastructure information for terminals

Technical information Operational information

Location of container terminals Capacity of transshipment devices
Type of terminal (barge, rail, both) Operating times of the terminal
Number of berths Additional services available:
Maximum width of ships Container repair and cleaning
Storage area Container stuffing and stripping
Distance rail-barge transshipment Container depot
Number and length of rail tracks Customs



available via the Internet and is being used for the construction of a data-
base on terminal infrastructure. For other countries information exists for
example from the UIRR (International Union of Combined Road–Rail
Transport Companies), which has a database of more than 150 terminals
in Europe.

It is more difficult to gather information about the international rail
network. Information in digital format is available only from the national
rail infrastructure operators, that do not have a common data formatting
standard. A more practicable approach is taken by the North-South-
Freight-Freeways, a network of ten European railway infrastructure oper-
ators dedicated to the promotion of international rail freight business
(see http://www.freightfreeways.com/). This organization provides infor-
mation on European rail tracks, with available time slots and quite
detailed information about the infrastructure restrictions (timetable,
infrastructure charge, axle load, loading profile, brake type and effort,
maximum train length, maximum train load and required traction, energy
supply).

With the sources named above, it is possible to build databases with the
necessary infrastructure information for the modelling of trimodal trans-
port networks in seaport hinterland traffic.

NOTES

1. The basic network structures identified within TERMINET are: begin-and-end network,
line network, hub-and-spoke network, trunk-collection-and-distribution network, trunk-
feeder network.

2. The Logistic service provider Danzas, for example, operates a special, high-quality inter-
modal service called Parcel Intercity between Hamburg and Munich; the rail transport
itself for this service is operated by DB Cargo AG.

3. Usually a distinction is made between carrier’s haulage, in the case that the shipping
company organizes the transport to or from the seaport, and merchant’s haulage, in the
case that other actors organize the transport.

4. Shipping companies P&O Nedlloyd and Maersk Sealand have founded the railway under-
taking European Rail Services (ERS) to provide rail transport from the seaports to the
hinterland.

5. The APAS (actions de préparation, d’accompagnement et du suivi) studies were carried out
in 1994–95 in order to prepare for the future Transport RTD programme of the European
Commission.

6. The objective of the collaborative research centre is the development of a theory for
the design, organisation and management of large networks in logistics. The Chairs
of Transport and Warehousing Technology, Industrial Management, Factory
Organization, Mathematical Statistics and Industrial Applications, Theoretical
Informatics, Applied Computer Science, Systems Analysis and the Department of
Logistics at the University of Dortmund in cooperation with the Fraunhofer Institute
for Material Flow and Logistics work together to contribute to new initiatives in the field
of logistics.
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PART III

Implementation and policy





12. Critical success factors:
interconnectivity and
interoperability
Bryan Stone

12.1 INTRODUCTION

Barriers to Intermodal

Intermodal transportation challenges each of the conventional transport
modes to consider how it does what it does. Suddenly, every mode has to
compete for its place in an intermodal service. Some rise to the challenge;
others fail. Some embrace intermodal opportunities, and change their
operations fundamentally. Others have regarded intermodal as disruptive,
making little change, and that only reluctantly. Barriers emerge and remain.

This chapter looks at particular barriers to efficient intermodal. These
are interconnectivity between the modes, and interoperability within the
modes. In Europe, these barriers are frequent, reflecting national and local
thinking. They are no longer tolerable. They lower efficiency and limit
choice. They demand attention. They are often critical. Some improve-
ment has come from within the modes themselves; we will see examples. In
other cases, notably with European rail, this has failed. Since rail is fun-
damentally important to on-land intermodal, and features in policy, we
will look in more detail at why this is so, and what, especially in the EU, is
being done about it. We will learn that if the cost of failure is high, so is
the cost of restoration; this has serious ongoing consequences for inland
intermodal.

How we Choose

Creating an intermodal freight service has to be better, for a given demand,
and in ways to be defined, than using a single mode. That is obvious; but
let us think it through. A homely example demonstrates how choices are
made, and suggests that barriers interfere with choice and efficiency.
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I go to work every weekday. I walk to the nearby station, and take the
train. If it rains I take a bus to the station. Naturally if I walk to work, past
the station, I have lower costs, but a different outcome; it takes two hours.
But I could cycle to work in 30 minutes. Yes, but it often rains; the traffic is
dangerous, and sometimes I have a lot to carry. But what if the train is unre-
liable, dirty and full, and you wait in the rain, and bus connections are poor,
and late home comers are occasionally assaulted? So perhaps I go by car,
and make the traffic even worse. We quickly see that choices are multiple
and open to creativity.

This example illustrates that choices will be made by users, details are
significant, discontinuity can spoil the best plan, cash outlays are only part
of costs, quality counts, and alternatives may be accessible and physically
relevant. Someone has to think it out and make the chosen combination
work. Interconnectivity increases the choices; its absence prevents choices.
Interoperability is here less obvious, but might seriously impede individual
modes from competing in the chosen process.

Freight intermodal contains all these elements. But what should it
achieve, and who puts it together? Freight is inert. It cannot act for itself.
Arrangements have to embrace the eventualities before they occur; the
equipment has to be in place. The ‘integrator’ who puts it together and
serves the user, must know it will work, and know what each mode con-
tributes. Now the barriers of interoperability and interconnectivity have to
be overcome by deliberate measures. Overcoming them demands a price,
which burdens each mode and the whole.

The Price of Diversity

Europe was not planned to be efficient. Its peoples are diverse, with a
history of conflict even as population, trade, wealth and industry grew.
They keep their individuality, despite commitment to a single Europe.
Intermodality draws on modal resources formed in diversity. It uses rail-
ways which, after political changes, reconstruction and technical renewal,
are still fragmented and subject to national influences. Its highways and
ports reflect a long history.

The ‘integrator’ has to sort it out. If he tries, it means subcontracting,
or making flanking investments including locations, equipment and
key personnel; or it may mean investing to control the action. In each
case there are historical and conceptual barriers. They are inevitable.
When an integrator, creating intermodal services, has to overcome the
problems of interconnectivity and interoperability, the costs and risks are
going to be higher, and the incentive to create intermodal operations will
be less.
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When arrangements, risks and investment for the move are out of
control, costs increase. In the end, competitivity fails, and this is ultimately
a burden on European trading efficiency.

Intermodality is complex, and complexity raises risks of failure. Failure
is costly, and easily fatal. The integrator is therefore likely to choose care-
fully his opportunities, and modes, and even customers, because the object
of his involvement is profit. This choice is distorted by issues of intercon-
nectivity and interoperability. But whose problem are they anyway?

Who Cares?

On our journey to work, we learn to live with trivial incidents. We make an
economic and a qualitative choice. This is paralleled in freight intermodal
choice; users may entrust their business and living to those who provide the
integrated service. But the brutal reality is that intermodal is of no interest
to most European users; trucking is the norm. Note that this is not auto-
matically so in the USA; many shippers know that intermodal is itself a
choice, and insist in its appraisal. Indeed, Wal-Mart, the nationwide store
chain, awarded its intermodal service award in 2002 and 2003 to Schneider
National, a national US trucking company which makes extensive use of
intermodal operations to serve Wal-Mart. In Europe, few shippers would
be so aware.

There are two major European areas of freight intermodal: global ocean
liner trade and domestic (inland) trade. One is highly successful, the other
much less so. Liner shipping has established advanced intermodal systems,
which have enjoyed 30 years of notable success. By contrast, domestic
applications have lagged far behind.

The distinction between the two is fundamental. Their individual char-
acteristics are not comparable. Integrating them is also physically, and cer-
tainly logistically, difficult, and often not relevant because they reflect quite
different demand patterns. Interconnectivity and interoperability do not
affect them equally.

12.2 DEVELOPMENT OF INTERMODAL
TRANSPORT: DIFFERENT PERSPECTIVES
AND ATTITUDES

From Modal to Intermodal

Although from the nineteenth century small containers (on small wagons)
for freight were well known, this was only expediency, not intermodality. No
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one thought in system terms. 1960s visionaries saw the potential of inter-
modal systems; but first actions were mainly to address the new hardware.

With each mode, it is significant, whether the mode changed itself, as did
liner shipping; or simply put another page in its catalogues, as did railways;
or observed with interest, as did trucking; or acted opportunistically, as did
inland waterways. In some ports the attitude in the 1960s was, ‘Fight it at
all costs’, and curiously that became part of the maritime success; inter-
modal was strong enough to bypass traditional ports when these endan-
gered the vision. One loser, unprepared for change, was notorious. The Port
of London, after two years of strikes, saw the new Australia service
diverted permanently to Southampton. The port collapsed, and today to
Londoners the expression ‘Docklands’ means only real estate.

Maritime Containerization and Intermodality

For self-driven radical change, we look at liner shipping, which in 1967 was
still ordering conventional freighters. Within five years, second-generation
container ships dominated on the principal east–west trade routes of the
northern hemisphere. With the conventional ships went the accumulated
equipment to work them at the berth, to handle and store cargo, and to carry
it inland. Casual dock labour was ended. It was a painful social upheaval.
Port cities changed; ships and terminals became industrialized systems
dependent upon sophisticated information management. Technology, but
also the software of a world of trading, making, assembling, distributing,
choosing and buying, have changed, together with our notions of costs and
values. Container shipping has brought this about.

The example is so commonplace that we no longer think of the upheaval
it caused, and the huge risks involved. It is still successful today. There has
been unprecedented rationalization of the liner shipping industry, a
massive fall in real rates to users, and transportation to a largely standard
physical operation, where logistic aspects like control, tracing and support
are the keys to competitive differentiation.

The revolution demanded that each new threshold be overcome, in four
waves of development, at their most basic:

● making it work;
● handling the growth of demand;
● reducing the system costs;
● managing the performance.

Each wave built on the others, which themselves remained. Interestingly, at
the first stage, intra-mode interoperability was ruthlessly imposed; excep-
tions were minimal. This rigour was upheld through the subsequent stages.
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Today, handling the volume and reducing the costs go with raising quality,
stimulating new but compatible technologies. Container shipping lines
make harsh demands on ports and terminals, because cost and perfor-
mance go with the economics of the ship as well as the flow of cargo. Ship
costs are well under half the total costs of providing door-to-door maritime
intermodal services to shippers.

This then was intermodal imposed by one mode, as a production system.
The unnerving reality is that it resulted from Malcolm MacLean’s insight,
not in liner shipping, but in highway transportation, when he created
SeaLand in 1955. MacLean was a trucker. His concern was not to be a new
kind of steamship line, but a better trucker. He seamlessly integrated cheap,
available vessels into his trucking operation. This was intermodal thinking.
This was the vision: intermodal could drastically change the economics and
performance of freight transport.

MacLean was an innovative integrator. He integrated, into his door-to-
door business, all the various modal elements which gave him overall per-
formance. He had to create them himself. His ships came from US military
reserves. His containers were trailer bodies. His support services were sub-
contracted. He only wanted what served the overall purpose of better busi-
ness. He provided an integrated service, into which sea voyages and ports
were seamlessly integrated.

This bypassed the clumsy traditional interconnectivities of ships, cargo,
ports and procedures. The result was dramatic; the whole historical
concept, physically in ports, ships, stevedoring, warehousing, cranes and
slings, forwarding and inland transport, and institutionally in tariffs,
customs, insurance, rules and practices, was out of date. MacLean created
interconnectivity and imposed interoperable equipment, in his own closed
system. The remarkable thing is that he thereby imposed it, beyond his own
system, on the world of liner shipping and ports, something which for other
modes never happened.

Certainly there were some liner shipping companies who thought it was
enough to carry ‘containers’ as well as their usual cargo. This added inter-
faces, increasing complexity in their existing operations, in their existing
places and practices. These people added complications, but had no
concept to realize the advantages. They would soon think again.

Real change was led by the Australian–European Conference. The
leading members set up their own custom-built integrated operation, to
achieve the performances which MacLean had shown to be possible.
Forming new consortia, they converted the Europe–Australia trade to inte-
grated container operation in 1969/70. They imposed standards and built
the first integral container ships, the ‘Encounter Bay’ class. They bought
standard containers, optimized schedules and port calls, planned inland

Critical success factors 229



moves, introduced container logistics and introduced through rates, under
revolutionary tariff concepts. It was immensely courageous. And they
shared the advantages with the trade.

They could afford to. Within months this was the only economically
justifiable way to conduct liner trade. Within five years the major trades
between Europe and East Asia had been ‘containerized’, to the form we
recognize today. Liner shipping became intermodal, together with the
support functions it required.

Railways and highways were outside liner companies’ direct control or
influence, and railways especially failed to see the lessons. They were not
ready to change. The impact still contained the potential for revolution, but
was seen rather as a curiosity, or a threat, or an option among many. There
was little unanimity, and no vision.

The Road Haulage Industry

Trucking, fragmented and creative, did not need to worry greatly. New
equipment to haul containers, and a new customer base, were not disquiet-
ing. Most port truckers, reacting to the new need, moved readily into
hauling chassis and boxes, embracing new locations and procedures.

To the general road haulage industry, hauling maritime containers is a
specialist job. Most are involved in general European trade where road is
the almost universal manner of inland transportation. They could now
look to domestic intermodal, and some did.

Some road hauliers have become intermodal integrators. They adapted
their operations and their equipment. Some today have moved into manage-
ment of the rail part of the operation. This may include terminal ownership
and management, ownership of railcars, contract trains and even becoming
rail undertakings. Like Schneider National, quoted above in the USA, such
a haulier must remain user-focused, adopting intermodal only where real
end-user advantages emerge. Obstacles like inadequate interoperability are
therefore a major deterrent to a deeper commitment in the markets.

Even so, truckers in Europe came earlier to intermodal than in the USA
partnerships, where new relationships awaited deregulation, to replace the
confrontation. In Europe, by 1970, a true pioneer was Trasporti Ambrogio
of Candiolo, Torino, today one of Europe’s leading domestic intermodal
operators with a network of block trains.

Road Haulage and the UIRR

Around 1970, truckers and forwarders in most European countries started
to cooperate with national railways, forming national companies such as
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Kombiverkehr, HUPAC and Novatrans in the Union Internationale des
sociétés Rail-Route, UIRR. This launched a search for operational and
technical concepts. It was an uphill struggle, but important results have
been obtained. The UIRR found itself, with its essentially national mem-
bership of trucking interests, with almost entirely domestic operations. The
background is described in the UIRR’s excellent 30th anniversary book.

Interoperability was always critical for the UIRR. They relied on techni-
cal advances to carry heavy goods vehicles and swap bodies on the
European rail network, with its restricted and varying loading gauges. The
standard European semi-trailer, slightly under 45 ft long, swap bodies at
7.15 m, 7.42 m and 7.8 m, all practically demand custom-built railcars.
Most constraining is the limited loading gauge. A 2.90 m high swap body
or a 4 m high trailer is almost everywhere an exceptional load, requiring
special, costly railcars and restricting choice of routes. This problem is
unknown in the USA, where the economics of double-stack car operation,
requiring about 6.73 m above rail level, have been a major incentive to
certain national trucking companies to adopt intermodal.

Other obstacles such as documentation practices, service quality and
information discontinuity have also been a severe handicap. The UIRR
companies are not ‘integrators’ but take on the tasks of shaping the rail
mode into usable form, providing rolling stock and schedules, creating
information and managing terminal operations. They are acutely aware of
interoperability issues. They have taken steps to overcome these obstacles.
Many truckers use rail-based intermodal in a way which, left to themselves,
they would not have found possible; but many weaknesses remain.

Rail services for intermodal are inherently more costly in Europe for
three reasons associated with the limited track and clearance specifications.
These are:

● the capital costs of specialized rolling stock, severely inflated by the
need to run at high speeds and with extreme technical solutions such
as low floors or small wheels;

● the poor use of available train length with various types of unit load
or trailer (and influenced by the previous point, of design compro-
mise for extreme situations);

● inability to optimize train loads due to limitations of European tech-
nology (intermodal cargo tends to be heavy, reaching maximum train
load before length of train limits are reached).

In general, compared to International Standards Organisation (ISO) con-
tainers, swap bodies and trailers result in lower train load efficiency, but are
the most desirable and realistic units for domestic trade.
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Further on in this chapter there will be a further brief reference to the
Rolling Highway, a technology which was largely entrusted to the UIRR
companies but which is not truly intermodal in concept. Since, however, it
illustrates some aspects of interconnectivity and interoperability, it will be
noted in passing.

European Railways and Intermodal

European railways, in the 1970s and later, were interested in intermodal,
and not only in the UIRR context. There was an awareness that the old pat-
terns of wagons and shunting, freight stations and sidings might not
survive. Traditional port-based rail traffic was already threatened by the
influence of marine containers. But the inertia of a conventional, if declin-
ing, pattern of freight operations, with immense fixed assets and serious
productivity problems, prevented more than a passing gesture. That
gesture, at once visionary and timid, was the creation in 1967 of a European
marketing company, Intercontainer. Timidity won. Potentially it was a cat-
alyst for revolution, but it proved not to be. Largely held back by fears of
self-competition of its European state rail owners, it made big investments
and carried many containers, but itself never offered or achieved the intrin-
sic system benefits of integrated intermodalism. Intercontainer for 20 years
carried substantial traffic of maritime containers, for which its relatively
unsophisticated service approach was more effective. It lost this business as
it failed to achieve cost reductions and to lead service development, for an
increasingly critical market sector.

Certain national state rail companies, particularly in France, Germany
and Italy, developed systems, mainly for maritime containers. In Britain,
there was a special stimulus, as road haulage was already partly deregulated
in 1964, and rail deregulation was in hand. The ‘Re-Shaping of British
Railways’ Reports in 1964 contained a radical proposal for a high-
productivity system of fixed-formation shuttle trains, running at passenger
train speeds between dedicated road–rail terminals.

This was Freightliner, which in 1966 was as near as European railways
would come in two generations to emulate liner shipping. For almost 40
years Freightliner, now a private company, has carried significant traffic
and made modest profits. But neither Freightliner nor Intercontainer,
although they still exist, changed the world of railways.

There was still a fundamental weakness in conventional rail commercial
thinking. This weakness held back rail’s effectiveness, and reinforced polit-
ical frustration which led ultimately to the present liberalization legislation.
This was the failure of national ‘network’ state rail to practice market
and cost segmentation, and to disaggregate income streams. Intermodal
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suffered severely from this. To compete with through road haulage, inter-
modal takes local and regional collection and delivery by road, which is
expensive, and combines it with ruthlessly streamlined long-haul rail from
which all unnecessary costs and operations, delays, marshalling, and so on
have been stripped away. If this clean-and-mean self-contained intermodal
operation is not achieved, the exercise is in vain. But if it is achieved, and
cannot be separated from the general costs and overheads of the standard
rail freight business, with its low productivity and poor performances, then
a sound business justification for intermodal involvement will never show.
If the line haul is then charged for, on a basis of traditional general freight
tariffs, the position will go from bad to worse. This was the case on most
European railways until the late 1990s and beyond. Ill-informed rail com-
mercial attitudes have prevented creative and sound intermodal growth.

It required the new entrant rail undertakings of the 2001 rail liberaliza-
tion in Europe to offer market-relevant charges to users and intermodal
operators, justified by specific costing of planned, high-performance oper-
ations. This has demonstrated in certain cases (not in all) that a line haul
for intermodal can be profitable, at rates which justify rail as a legitimate
part of a throughout intermodal operation.

US Railroads and Intermodalism

With deregulation of US rail through the Staggers Act, 1980, run-down
railroads responded to the intermodal opportunity. Intermodal permitted
a productivity breakthrough in the USA similar to that of liner shipping 20
years before. This, based upon double-stack high-productivity operations,
and a new approach to market charging, supported by a cost-reduction
model, all quite different to traditional European practice, became the rail
intermodal revolution of the 1990s. Carrying some 11 million loads per
year, and generating around a 15 per cent profit margin overall, intermodal
is today the largest revenue source of US railroads, having overtaken coal
in 2003. Steady growth continues.

This chapter will not analyse US intermodal in detail; for that, see else-
where; reference to David De Boer’s book, Piggyback and Containers, of
1992, and to Intermodal Freight Transportation, compiled by Gerhardt
Muller (1999) in various editions by the ENO Transportation Foundation,
Washington, DC, is essential.

The stimulus of deregulation led to a substantial user pressure on rail to
play a greater intermodal role. The story of double-stack development is
linked with this. It took some three years to obtain authority for trial
running of the first double-stack train, for American President Lines;
ongoing investments are required to obtain the 6.73 m (23 ft) vertical
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clearance needed for unrestricted double-stack operation on more routes.
This investment has mostly been funded by the railroads, as private joint
stock companies owning their right of way; in one or two cases public
funding has been provided, especially in the north-east states where infra-
structure is much older and congested, to increase clearances to permit
double-stack. In 1984, just one double-stack train weekly left the US West
Coast, for one destination. In September 2002, 241 weekly double-stack
trains, with individual capacity around 400 TEU (twenty-foot equivalent
unit), were scheduled from the West Coast to all major eastern markets.
Interoperability is, also in the USA, still a problem, and affects axle loads,
clearances, operating rules and equipment authorization. Recent trials in
competition for the UPS South California contract show, however, what
can be achieved. In April 2003, Union Pacific ran west- and eastbound trial
trains between Chicago and Los Angeles. Average speeds throughout for
the around 3600 km were 90 km/h and 96 km/h. Since maximum running
speeds are 113 km/h, and there are many sections run at reduced speed and
(by European standards) extremely severe gradients, this was remarkable.
But these trains also ran for 1212 km on the tracks of competitor BNSF,
34 per cent of the line-haul. This meant that UP standard SD70MAC loco-
motives, used throughout, had to be interoperable over BNSF in the best
European sense, respecting signalling and train-stop devices, driving,
fittings and equipment. Interoperability is not easy, but it is not a dream.

Feedering: An Intermodal Success

Intermodalism created a new European coastal feeder business. As new
dedicated vessels were built, interoperability was not a serious obstacle, and
interconnectivity was mainly an issue of use of space and of service con-
nections in ports. The growth of a flourishing feeder trade gave the new
container ships in their hub ports such as Rotterdam and Hamburg access
to regional distribution to secondary ports. The hubs in the Mediterranean,
Gioia Tauro, Malta, and others still emerging, are entirely dependent on
integrated feeder services and port operations, to achieve their purpose of
regional distribution to serve a large long-haul vessel stopping briefly in
transit.

If such concepts are to work (and they might appear vulnerable, and
cost-intensive), the critical success factors will be those of successful inter-
modalism everywhere, that the part must be integrated into, and interoper-
ably support, the whole. Scheduling of hub and feeder calls has to permit
the effective connections of in- and outbound main route vessels with the
local distribution and collection services. When this is well planned, and
operates smoothly, a new range of secondary ports can enjoy a high-quality
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service the equal of a main port elsewhere. This depends, in the last resort,
upon interoperability, reliable punctual main services and good manage-
ment. The whole cannot work without its parts, and competes through
total system costs.

A variation on this has been the re-emergence of the principal inland
waterway axes to Rotterdam and Antwerp, and at a lower level the Danube,
Seine and Elbe, as carriers of intermodal equipment, primarily deep-sea
containers connecting with the big ships. This has brought new life to
inland ports and operators, attracted substantial private investment, and
given new choices to shippers in the regions served. Rhine shipping has an
interesting problem of interoperability, where standard vessels can carry up
to six 40 ft ISO containers side by side, 2.44 m wide, stacked four high, to
the middle Rhine. Above Strasbourg to Basel, lock dimensions limit this to
only four wide, and three units high. However, domestic units such as swap
bodies are 2.50 m wide, so being restricted to only three units side by side.
Costs of carrying domestic units are therefore inevitably higher through
the Rhine. Rhine shipping also depends upon vertical transshipment by
spreader, of stacked containers, with top access; only a small number of
domestic units meet this requirement. Although, therefore, Rhine shipping
has become a successful competitor of road and rail for deep-sea contain-
ers, with about 1.6 million TEU annually, it carries very few domestic units.

The Danube navigation has the potential, from Bavarian and Austrian
ports downstream, to develop a substantial inland waterway operation to
the Black Sea, using the same basic approach. However, the overall poten-
tial is clearly less, since connections with large deep-sea global lines are less
relevant.

It is clear overall that the critical sector of domestic intermodal in
Europe is lagging behind. Something has failed to be understood.
Intermodal in Europe has not been brought up to the level of economic
dynamism which occurred in such a short time, and on such an uncom-
promising scale, in liner shipping. In addition, it has not demonstrated the
economic vigour which has made it a profitable, when specialized, land
transportation mode in the USA.

12.3 INTERCONNECTIVITY AND
INTEROPERABILITY

This brief commentary on intermodalism, described more fully elsewhere,
is of course designed to show interconnectivity and interoperability obsta-
cles. If we compare European Union policies, white papers and pressures
to get trucks off the highways, these obstacles are a source of failure. Their
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impact is relative, depending on the objectives of our efforts. In inland
domestic intermodal, they are certainly critical to success. In deep-sea busi-
ness, they do not greatly impede users, but they certainly prevent the modes,
especially rail, from being optimally involved.

We might recall that liner shipping did agree, at an early stage, with gov-
ernments and the UNO, to determine certain features through ISO stan-
dards. Remarkable was that these quickly left behind the tentative starting
standards, such as SeaLand’s 30 ft long container, and the 8 ft height;
nor are there binding standards in all features and everywhere today.
Interconnectivity emerged by concensus; and today a feeder ship in South-
East Asia, and a double-stack train in California, can both be part of an
intermodal service concept operated by a European container ship line.
Certain common equipment and fittings, dimensions and tolerances,
respecting ISO 668, and other standards such as marking and numbering,
are therefore essential, and have not changed in 35 years.

Yet we observe that although this was achieved, other simple organiza-
tional and technical obstacles prevent integrated systems from operating
within Europe, and that today expense and delay are involved in overcom-
ing these discontinuities. Also, and quite separately, we note that a normal
domestic intermodal load unit in Europe is not compatible, in length,
weight, strength, width and height, or fastenings, with any equipment
designed to work in the liner shipping context. Clearly this also has to be
addressed, and the EU has issued a draft Directive which starts to resolve
this conflict, not for the first time.

The reader may by now suspect that we are leading to two separate sets
of conclusions on critical success factors. One of these is the quality and
robustness of the intermodal vision, and the effectiveness of its conversion
into reality. The other is the tools available, the role of the various types
of hardware and infrastructures, and their discontinuity of development.
We may conclude that a too-simple expectation, as in political policy,
that intermodal will emerge and flourish through top-down encourage-
ment, is not justified. But two additional complications have to be
addressed. One is control of the integrated intermodal service, and the
other is the structure of investments throughout the chain. Some important
divergences have arisen, critical now in a new liberalized European trading
environment.

Interconnectivity is a good starting point, because issues always arise
where systems meet, but fail to match. There is a lot of this. We should not
imagine that Europe comes as a well-running industrial and infrastructure
machine. It is a disorderly accumulation of mixed assets. European trans-
portation infrastructure results from 150 years of perceived needs, private
and public initiatives, wars, availability of funding, and national policies of
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support or intervention. The result of different rival national economies, it
could not, in retrospect, have been otherwise. All states have suffered abrupt
changes of policy and priorities. Populations have increased by several
times. Wealth and its distribution have changed. Base industries like coal
and steel have flourished, found markets, been undermined and disap-
peared.

Railways formed complex networks, and supporting infrastructure of
stations, junctions and yards which would later frustrate rationalization.
They had a high professional ethic and a tradition of service within a strict
framework of rules. After 1945 successive financial crises and reductions of
staff and duties went with a rapid modernization of the core networks.
Unsurprisingly, since the equipment was paid for by national funds, the
suppliers and standards were local. To the outsider, each railway looked
very different and individual.

Interconnectivity, which was seldom an issue until recent years, suffered
too. The rail networks in Europe were, and are, only in the most general
sense continuous. They have national nodes, usually central, around which
they are planned. They meet to exchange at borders. These are at the
extremities of national systems with different interests and plans. There was
little historic reason to do better. Now, under Directive 2001/14, the infra-
structure of each state is separated from rail operations in order to make it
available to competing train operators. The intention is that these can run
services using the infrastructure as appropriate. This is only meaningful if
the separate infrastructure managers consciously provide a coherent
network, with common technical features and similar access rules for
undisturbed through running. This aim is central to the White Paper, a
Time to Decide. But unfortunately the infrastructure managers, collectively
held to certain behaviour by Directive 2001/14, have financial and territor-
ial mandates of national parliaments, and are accountable to national poli-
cies. They cannot synthesize a European network when this is not their
mandate, and when international freight is only a small part of their claim
upon scarce resources.

The practical result is that the networks cannot make equal commit-
ments to paths and capacity, nor can they provide comparable physical con-
ditions. Serious efforts have been made on some shared routes by the
‘one-stop-shops’ set up by some infrastructure managers to plan schedules
and paths on common trunk routes; but the fundamental interoperability
deficit is not thereby overcome.

The highway network suffers less from this problem. The motorways of
Europe were almost all built after 1945, and, while they certainly reflect
national priorities, the connections between national networks are mostly
effective. The ‘E’ network of European highways is also a practical reality.
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Heavy private and commercial traffic uses the EU network without serious
discontinuity, although network gaps still remain, and construction stan-
dards vary.

Highway and rail suffer from a further aspect of interconnectivity, that
they are not from the start designed to complement one another, but to
compete; and both are, in Europe, mostly dedicated first to passenger trans-
port. This means that they do not meet naturally, and integrated use of
both has to overcome this obstacle. Their connections into major centres
of freight generation and exchange such as ports are not generally comple-
mentary or optimal, although this is improving. Many road freight jour-
neys start and finish on suburban streets in heavily congested areas. The
opposite is also familiar; the location and land use planning of modern
industry and distribution is often determined by a highway layout or inter-
section, and no thought is given to intermodal optimization.

In the USA, this was first addressed with the ISTEA (Intermodal Surface
Transportation Efficiency Act) legislation of 1994, with public funding of
connectors for intermodal operations. Highway authorities had ignored
intermodal operations in their planning; freeway connections to access rail
yards were outside their authority; and private railroads had constructed
terminals, open to local neighbourhood roads, hoping that trucks would
find it. Dangerous and ecologically objectionable situations had grown up
around intermodal rail yards. Under the ISTEA, and follow-up legislation
(presently TEA-21), funds were provided specifically to facilitate road–rail
location synergy and access. While insufficient, this demonstrates an aware-
ness of the issue of consciously bringing road and rail together, if inter-
modal is taken seriously by policy makers.

Interconnectivity for former, older infrastructure such as inland waterway
ports is still usually today at a low standard, with rail access over industrial
sidings and low-speed branches, and with road approach often through
unsuitable industrial quarters. This is likely to present increasing problems,
since limited space and increasing traffic will render conflicts more acute.

Modern container ports have been often situated some distance down-
stream from traditional city and estuary ports, often 30 or 50 km and some-
times more, partly to assure adequate draft (depth of water) and partly to
obtain the large land surfaces needed by the port terminal operations. This
has led to a replanning of highway and rail access which has not always
been optimal. New infrastructure has been built, which has not always
facilitated high-performance land transportation. Highway access over
links to a city ring road may be adequate, but rail connections have often,
being more costly, been minimal. This is a mistake when major ocean ter-
minals may be handling enough traffic to justify block trains direct to
inland points, but where terminal rail capacity is limited, shuttle trains

238 Implementation and policy



cannot be stabled, and local operating is still tied to a regional classification
yard of freight station on the ‘old railway’.

In US ports, the issue of an ‘on-dock’ rail terminal, as opposed to an on-
street shuttle of containers on trailers to a strategically placed inland rail
yard, has been controversial. Some terminal operators wish to use all their
space for streamlined operations to turn vessels round. Examples of both
are found, but older port areas such as New York–New Jersey seem gener-
ally to suffer from their lack of efficient direct rail terminal access. In Long
Beach, the publicly funded construction of the Alameda Corridor, a new
20 km dedicated rail route for direct line-haul trains from the port terminal
areas onto the mainline rail networks of Los Angeles, is proving opera-
tionally and commercially effective. However, demands will still grow and
a new joint initiative between steamship lines, local communities, terminals
and rail companies has been set up in Los Angeles to tackle jointly the
demands of another decade of normal trade growth. Intermodal is here a
victim of its own success; and remember, there was one double-stack train
a week in 1984. Interconnectivity will take on new dimensions here which
go beyond short-term inconvenience and move over to the optimization of
flows through regional multi-mode systems.

In Europe the system is vulnerable because individual states finance
infrastructure through national programmes, often subject to non-
transportation political influences. The rail network is at the mercy of local
national policies on funding infrastructure for rail freight, including inter-
modal. The liberalization programme so far does little to bind individual
governments into a coherent European network policy, but with heavy
public funding required just to keep rail infrastructure at an adequate stan-
dard of availability, this will cause difficulties in some countries. The leg-
islative basis is however now in place, with the implementation of Directive
2001/16. The adoption and implementation of the second railway package
in 2004, including the creation of a European Railway Agency, have carried
interoperability a significant step further.

Interoperability: How Railways are not, but May Become, European

In April 2001 the European Parliament adopted Directive 2001/16 on the
interoperability of conventional rail operations. It became EU law in April
2003. To achieve interoperability for conventional rail, it sets procedures
which determine priorities; sets, by consultative process, new standards for
rail equipment and procedures; and makes these standards binding upon
member states under European law.

The lack of interoperability is a major and recognised barrier to European
rail. In future, European standards will be applicable, set by consultation and
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endorsed in the EU. These will be mandatory. Safety requirements, autho-
rizations and licensing will also be harmonized. It will be a huge task, lasting
decades, at a cost still undetermined. It is necessary but, given technical and
competitive evolution, may never be complete.

Historic Overview: Railways Did Not Start with a European Vision

Railway interoperability was always the challenge when moving from ‘small
and fragmented’ to networks. Before the mid-nineteenth century, scattered
lines were being concentrated. The question of harmonization already had
to be faced, before the nation states of Europe reintroduced new diversity.

There are many ways to be incompatible. Early lines were built to different
gauges, with different clearances and profiles, with differing technologies.
Loading gauges, once adopted, were difficult to change; even today, there is
no single clear statement of what is possible on many European trunk routes.

External demands for safety ensured national, but at first still very
different, standards for brakes, operating disciplines and signalling. Each
country imposed different legal requirements, and fulfilled the needs in
different ways. It is little better today, though further complicated by recon-
struction and new technologies. One day, this would inevitably become a
pan-European concern. That day has now arrived.

Railway Organization and Ownership Changes

Political influences also imposed change. European wars changed territo-
ries and led to new ‘state railways’ created in haste out of often incompat-
ible private and local rail systems. Many historic anomalies remained, often
still with us today.

Subsequent technical development, even up to the present day, has intro-
duced new barriers, not only at borders. With electric traction, the different
power systems developed by national and regional industries became a
serious handicap. There are now five major power systems in use in Europe,
some 16 automatic signalling systems, and as many automatic train stop
systems with differing installations and functions.

The Union Internationale des Chemins de Fer, UIC, achieved a
significant level of technical interoperability between railways. Much
freight and passenger rolling stock, though not all, runs freely on much of
the network. Some well-known barriers remained, such as track gauge in
the Iberian peninsula, Finland and Eastern Europe, and loading gauge in
Britain. Indeed, when the Channel Tunnel opened in 1994, there was
almost no interoperable freight equipment; 1200 new intermodal freight
cars had to be built from scratch.
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There had been no incentive until the late twentieth century to think in
European terms. Each railway and state extended the barriers to interop-
erability, unwittingly or not, with historic legacies, new technical variations,
and local design and approval standards. There is no point in lamenting this
situation, but it will have to be overcome. There is today no European
railway.

Integration of national railways with their national supply industry led
to captive suppliers, working to the specification of the home railway.
Differing licensing practices in each country remained a costly deterrent to
creativity, which Directive 2001/16 specifically replaces by a European
approval system, still however to be implemented in member states.

For railcars, UIC standards came to impose ‘lowest common denomina-
tor’ technologies. European rolling stock costs compared to the USA are
exceptionally high, and utilization is often poor; in 1995 we estimated that
to provide wagon capacity for one TEU-km in Europe was some five times
more costly than in the USA.

Europe also suffers from high-cost, high-specification motive power, pro-
duced in small uneconomic series and not interoperable. The contrast to
road haulage vehicles, constantly improved and made cheaper by compe-
titive innovation, could not have been sharper. National railways have bred
their own albatrosses of expensive, underutilized equipment, a burden
round their necks in any international competition.

Interoperability of Working Practices and Information

Operating practises, the ‘software of interoperability’, are a particular
problem area, as standards of safety are imposed and sustained differently
in each state. Safety invigilation of railways is usually entrusted to an inde-
pendent national authority. The effect of this has been to prescribe, in
national law, different working practices, licensing, training and recruit-
ment, and the recognition of professional competence.

IT systems have also grown up nationally, and do not talk to one another.
But contemporary users expect information, standards of service and data
integration Europe-wide, just as they may receive in trucking. They find
inadequate, incompatible rail data and quality control. These issues are
even more difficult to identify and to put right. The software obstacle is crit-
ical for intermodal integrators. These need information to optimize various
dissimilar activities, loading, trucking, terminals, train loading and move-
ments. The enhancement of risk, by the failure of railways to manage
information flow, has been a serious obstacle to intermodal effectiveness. It
is therefore a deterrent to involvement.
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12.4 STEPS TOWARDS EUROPEAN
INTEROPERABILITY

The Key to a European Railway

Today, it is the view of both users and policy makers that interoperability
obstacles now prevent rail from meeting qualitative demands for trans-
portation. Rail freight reinvigoration, of which intermodal is a part, is hin-
dered by a lack of interoperability.

The EU’s Transport White Paper of September 2001, Time to Decide,
recognizes this. It demands a coherent market-orientated European rail
system, to serve European trade and movements. Measures to reinvigorate
rail freight, including opening the networks progressively to competitive
service provision by different rail operators, cannot be effective until con-
ditions of construction and use of rolling stock, of access to the infra-
structure, and the necessary business processes such as data exchange, are
defined so as to become interoperable.

There is a tendency to confuse liberalization with interoperability.
Achieving interoperability is a separate and urgent practical task to permit
rail to be effective at a European level. Whatever we think of Open Access,
nothing can be improved without the imposition, with legal authority, of
interoperability. It is a key to economic operations on a European scale.
There are therefore now two processes in progress simultaneously, separate
but closely interrelated. One is to provide interoperability on a coherent
European rail system. The other is to create new market-based structures
for rail service provision, in line with demand and with European economic
policy.

It took great political courage to admit that improvement would not
come from within the rail industry. The consequence is now that, in a single
Europe, the European Union is empowered, with legislative endorsement,
to address the revitalization of European rail, of which interoperability
is one condition, so that rail operators can exploit their new competitive
freedoms.

Interoperability Legislation

The EU Council demanded the Commission in October 1999 to propose
specific interoperability legislation for railways, with:

A strategy on improving the interoperability of rail transport and reducing bot-
tlenecks with a view to eliminating technical, administrative and economic
obstacles to the interoperability of networks, while guaranteeing a high level of
safety as well as personnel training and qualifications.
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In particular to improve interlinking and interoperability of the national rail
networks, as well as access thereto . . . implementing any measures . . . necessary
in the field of technical standardisation, as provided for in Article 155 of the Treaty.

The Preface of the Directive stated:

The commercial operation of trains throughout the trans-European rail
network requires in particular excellent compatibility between the characteris-
tics of the infrastructure and those of the rolling stock, as well as efficient inter-
connection of the information and communications systems of the different
infrastructure managers and operators.

Performance levels, safety, quality of service, and cost, depend upon such
compatibility and interconnection, as does particularly the interoperability of
the trans-European conventional rail system.

The Directive applies to any relevant aspect of rail interoperability;
these include infrastructure, rolling stock, information systems and data
exchange, working conditions and training, social and environmental
issues, operating practices and rules.

Interoperability for conventional rail imposes a mandatory EU legisla-
tive process in a sector of railway management which has up to now been
the responsibility of individual railways and national governments, coor-
dinated by the UIC, and supervised only by safety inspectorates account-
able normally to national parliaments.

The issue is complex. It involves scientific, technical, operational, eco-
nomic and institutional measures. The process has to be effective in all parts
of Europe, without distortion, but without ignoring realities of the present
diversity. The adoption of harmonised standards must not mean adopting
the lowest acceptable common denominator, but encouraging the achieve-
ment of higher common standards. This has been done, with great difficulty,
in the development of European Train Control systems for cab signalling,
but cost of implementation is still high and implementation requires
replacement of existing national systems. Part of the complexity lies in the
selection of priorities, to achieve the greatest benefit without delay or dis-
ruption. There will inevitably be cultural conflict in implementation.

The process therefore requires a broad consultative basis, with recourse
to many skills in various disciplines. There are five critical features:

● The concept of Technical Standards of Interoperability, TSIs, drawn
up by a neutral, expert body.

● The ‘Joint Representative Body’, which coordinates work on agreed
priorities and draws up TSIs. The Directive refers to a Joint
Representative Body of railway companies, industry and infrastruc-
ture managers, and ‘other parties likely to be affected’.
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● TSIs have European validity. On adoption by the EU Council they
become mandatory. TSIs overcome existing variations in railway
practice or national legislation in the past.

● Each member state must appoint its own independent neutral body
to carry out verification and authorization, in accordance with TSIs.
The Directive calls these ‘Notified Bodies’. They are subject to invig-
ilation to prevent divergences of practice.

● Finally, a product of experience: under penalty of sanctions, member
states must ensure that rail operators, infrastructure managers, and
others, take no new actions which impede interoperability.

The European Commission monitors results, reporting periodically to the
Council of Ministers and European Parliament.

The process of actually achieving interoperability is still open to debate.
A first group includes telematics for freight, train guidance and signalling,
freight wagons, noise measures, and driving and traffic management
(including training). Issues such as axle loads and clearances are still a
Europe-wide problem for which costs and funding have not been identified.

EU policy includes rapid and coordinated introduction of European
Rail Traffic Management, ERTMS, to leapfrog the existing barriers of
different signalling systems and associated train stop systems. This is as
much a facilitation of interoperable motive power as it is a harmonization
of signalling systems, because locomotives have to carry the equipment
appropriate to every system they encounter, a complex and expensive issue
also requiring testing and licensing in every case. Clearly, a substantial part
of costs, as yet unquantified, will fall upon infrastructure managers, whose
owners are member states. The latter are collectively responsible for the
adoption of the interoperability legislation, and could be considered liable
for the costs involved. This is however an oversimplistic view, since member
states already have difficulties in most cases in funding rail infrastructure to
an adequate standard today, without the burden of possible major addi-
tional public works for the European network.

Normal methods of financial appraisal at national level do not help such
collective projects. Since, additionally, freight is only a part of the traffic
involved, but the demands of intermodal traffic demand extreme solutions
of profiles, speeds and high axle-loads, and perhaps longer and heavier
trains, it will be difficult for individual governments to address this issue. It
may be that only the European Infrastructure Managers Association
(EIM) can undertake this task, to focus and define the demands of inter-
operability and of simultaneous improvement of the core network. It seems
possible that the Commission will have to adopt this issue as part of its rail
policy.
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Intermodal and Interoperability

Intermodal involves more than railways, and the distinction between mar-
itime and domestic intermodal complicates the issue even more. But it
also shows how vital it will be to allow individual specialists, with vision
in a market or a business sector, to set out to overcome the obstacles, by
the use of creativity within the standards set through the interoperability
process.

Maritime interests have, first, a set of priorities imposed by their own
system needs. This concerns vessels, overseas and European terminals,
global balances of cargo and equipment, and a restricted selection of net-
works. Their principal land intermodal concerns are links between eco-
nomic hinterlands and port terminals, with inland distribution centres,
usually involving further third parties. These links are subordinate to a
much bigger business. Within that business they are however dispropor-
tionately expensive to provide, and therefore constantly under scrutiny.
Their marketing significance cannot be underestimated, because the inland
links are the face of the steamship line to its customers; that is, they are the
place where the company actively competes. Interoperability is here a
servant, which makes things work.

Liner shipping equipment is a clearly defined range of maritime con-
tainers which, if not completely standardized, are at least in defined fami-
lies. The constraint is the integration with the vessel to give the throughout
service reliably. Although this summary must not give the impression that
a very efficient and cost-sensitive operation is simple, it at least has some
clear characteristics. One of these is volume, and another is the need to have
predictable, regular, high-quality performance accommodating all normal
expectations. Loads, gross weights and mixes of container types can be
anticipated. Other modes, rail, road and barge, have to handle inland flows.
On rail, shuttle trains are usually used today; inland waterways have
custom-built barges. Road means chassis availability.

Rail interoperability for intermodalism will obviously concern hardware
such as railcars, requiring clarity over clearances, authorised speeds, axle
loads, tolerances, but also encouraging better payload-tare ratios, and
better use of loading services and overall train length. All this must also
help to raise terminal efficiency. This shows that harmonisation for inter-
operability must also not just be technical, but must be system-relevant.

Interoperability means that equipment must be available, independent of
country, infrastructure manager and owner, to do the planned job with
maximum efficiency and productivity, without outside or arbitrary inter-
ference and without contradictory or intrusive certification or maintenance
regimes.
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Experience has told us in the past that such an apparently reasonable
requirement is not easily met by limited-scale private operators. The needs
are wider. A shuttle link between port and inland terminal may be comple-
mented by another route involving another port, and perhaps a range of
terminals. That would not be unusual, given the nature of the maritime
container trades. There must therefore be a maximum interchange freedom
between the container rail car fleets used in the different routes. But these
may involve the networks of more than one infrastructure manager.
Licensing of high-efficiency railcars, today a severe obstacle, and the stan-
dard clearances and operating parameters, must therefore be resolved at a
European level. This is foreseen in the Interoperability Directive 2001/16.
It is an urgent need.

Interoperability and Domestic Intermodal

For domestic intermodality, which will be a significant part of the expecta-
tions of a new invigorated rail freight activity, the situation is much more
complex.

First, the geographical freedoms are greater. Intra-European trade flows
may occur anywhere. Then, challenges arise with the equipment to be hauled.
Equipment will be adapted, not to the railway, but to the cargo and the
highway mode. Clear identification with the highway mode has already led
to a range of trailers and European swap bodies of distinct dimensions.
These reflect road vehicle capacity, as offered to the shipper. They require
appropriate railcars and profiles, or the intermodal exercise becomes invalid.

If the intermodal integrator is providing his own complete service,
including load units and railcars, there will be some scope for play-offs, but
not much. Requirements for rail car design, length, authorized speed and
other characteristics limit severely the freedoms available. If the railcar is
provided by a rail operator or integrator such as a UIRR company, this
introduces a further interface of interests, and tolerances will fall; options
may be reduced. There are real physical limits: 4 m high standard semi-
trailers can be carried on low-floor cars, but at a tare weight and length
penalty which affects the economics of train working severely. Unsuitable
route characteristics cannot normally be changed quickly, since heavy engi-
neering is involved. The direct route from Brig (Simplon) to Novara has
been under reconstruction for at least four years, just for this purpose, to
accommodate 4 m high trailers on given railcar types. Improvements on
this very restricted route, of single track and limited clearances and rudi-
mentary signalling, took over 6 years in all, and yet permitted from 2005
the through running of licensed locomotives and rolling stock from
Freiburg im Breisgau to Novara. This was an interoperability success, but
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a costly one, associated with the Swiss policy of diversion of road traffic to
use of intermodal rail services.

Domestic intermodal, demanding accommodation within the limits of
tolerance of the loading gauge, authorized axle loads and speeds, chal-
lenges interoperability possibilities. We could, all other things being equal,
reduce the space taken below the loading platform. But intermodal is a
demanding customer, with priority traffic running at maximum freight
train speeds to achieve path priorities. Average loads are often heavy. Since
technical specifications determine the relation between wheel size, axle load
and speed, freedoms are seriously inhibited. This is typical of intermodal
everywhere.

There is some pressure, well justified, for heavier axle loads in Europe on
priority freight routes. Zeta-Tech Inc. of New Jersey, the leading US
authority on track user cost allocations, has demonstrated (Paris 2003) that
heavier axle loads lower overall payload costs, despite an inevitable increase
in material and maintenance costs. This result led to 30 tonne axle loads on
the Kiruna–Narvik iron ore line in Sweden. Similar calculations seem to
show a benefit for intermodal, but the wheel performance within limited
profile clearances is still a serious constraint. Since the overall size of the
load is always a challenge in domestic intermodal, we expect considerable
engineering creativity in this aspect in coming years. The EU SAIL Project
(Uni Aachen and IBM AG, Au-Wädenswil Zürich) demonstrates an
approach completed and approved within present constraints. In France,
the Lohr system cars for highway trailer loading were approved for use
first on the Mont Cenis route between France and Italy. However, these cars
and the terminal installations are not compatible with other intermodal
technologies.

Creative design encounters serious limits. First, it cannot change engi-
neering constraints. Second, it is being developed in parallel to open access
and on-rail competition, which will reduce freight rates and therefore
render costly solutions unacceptable, and interoperability standards as
approved under TSIs will not allow reduced safety; they could, in the inter-
ests of simplicity and universality, be more restrictive than today. But there
will certainly be a stimulus to do better. This will also enhance the diver-
gence between maritime and domestic intermodal.

The Software of Interoperability

Here we might anticipate for intermodal a significant improvement, as TSIs
for data exchange, obligatory message forms, operating rules, train loads and
scheduling, and so on, become available. More intermodal integrators them-
selves may move into the sector of licensed rail undertakings, managing their
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own quality and data flow under TSI standards. There is scope for serious
improvement.

The UIRR in 2000 conducted a transportation quality study under the
EC PACT programme, and demonstrated that software obstacles of inter-
operability were in part responsible for their ongoing difficulties in obtain-
ing reliable service. These ranged from foolish issues such as different dates
in each country for timetable changes, to widely divergent practice in deter-
mining authorized train lengths and weights, giving rise to en-route inter-
ference with supposedly block trains. A fundamental obstacle which led to
frequent follow-on delays was the inability of national rail authorities to
exchange information on train running; the consequence was to accentuate
other interoperability issues such as the need to change locomotives and
drivers, where a delay without information led to resources being reallo-
cated to other work and trains at borders left stranded.

The UIRR report stated: ‘The in-transit and border disruptions are
probably one of the most critical aspects of the whole . . . quality chal-
lenge . . . the interface between two railways is problematical’. The UIRR
identified total costs of rail-caused delay of around €41 million on 1999
results, about 6 per cent of revenues. Yet the UIRR itself takes, as do oper-
ators like ICF, serious action to uphold quality, as with an independent
information transmission system. Without such action, costs would be
much higher, affecting both the end-users’ interests, and the intrinsic waste
of poorly used rolling stock and personnel because of delays. Since
European equipment, wagons and locomotives are already relatively
expensive as a result of a lack of interoperability in specifications and ten-
dering, it may be imagined that Intermodal in Europe carries a heavy, if still
partly concealed, cost burden through the failure of rail in Europe to
achieve interoperability.

However, new forms of trading and transporting companies will emerge,
with new models of cooperation. A more open and flexible market creates
new opportunities for intermediaries such as leasing companies to supply
rolling stock and other equipment, and to manage statutory and other
inspections and maintenance.

This all implies resolution of interoperability issues because offers must
be integrally valid to be able to compete. Clearly, we have not seen the end
of such developments.

Existing operators and rail undertakings have equal opportunities to
become more effective, and they undoubtedly will. Their organi-
zations contain considerable skill and experience, which, with greater
interoperability, may stimulate new forms of competition. That surely is
one of the objectives of the total legislation. There is nevertheless an issue
of fair competition arising from the coexistence, in a liberalized market, of
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state-owned, usually unprofitable, undertakings, and new entrant entre-
preneurs. Undoubtedly intermodal operators, new and existing, will
observe the development of competitive practices as the process con-
tinues.

Rolling Highway: An Interoperability Puzzle

One significant area where a curious distortion occurs is in the sector of the
Rolling Highway. Here, interoperability issues will be very difficult to
address. Road trucks travel on specially designed rail platforms with very
small wheels, in four-axle trucks under low-floor flatbeds, which permit
drive-on/drive-off loading and give clearance (when coupled with special
measures to increase loading gauge) for heavy goods vehicles, usually up to
4 m corner height. They in no way represent an intermodal freight concept,
and are not intended to; they are simply a means of carrying road vehicles
on rail through an area of congestion or a physical barrier, such as the Alps,
usually under heavy subsidy. Unfortunately they are often counted among
intermodal traffic, creating occasional confusion; but they are no more so
than a ferry carrying a lorry over a river. Their economic justification is
curious; they cannot compete on direct costs, since their full costs, of
usually relatively inefficient and short-distance rail haul, heavily outweigh
the short-term marginal savings of the trucker’s distance saved. They are
used where there is political value, as an alternative to the costs of Alpine
tunnels and other difficulties, and where external costs in sensitive environ-
ments may justify political intervention and subsidy. The rail vehicle may
cost around €150 000, and each platform carries one highway vehicle. Train
length and weight, and therefore train paths, are not optimally used.

These rail vehicles are however in no way universally approved, being
only licensed locally and not allowed to operate in many parts of Europe.
They are unlikely to fall under interoperability TSI conditions. They
have their place, under strictly defined circumstances, but demonstrate how
we are dealing with technical challenges which are not capable of universal
resolution.

Other Modes: Inland Waterways

The particular success of intermodal on inland waterways on certain routes
since 1970 suggests that interoperability was not a particular obstacle. In
fact, it might have been; apart from the question of vessel hold and con-
tainer width referred to earlier, there have been some issues to overcome.

The hold–container issue, briefly, resolved itself very quickly. Although
early container carriage on the Rhein was with redundant bulk carriers, there
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quickly emerged a custom-built concept of container carriers, which as
described, could carry within the standard vessel dimensions, available at
different parts of the system, containers in a parallel side open hold. The
proviso was top lift, as with deep-sea vessels. Rapid installation of light trans-
fer equipment at river ports ensured this continuity. Even the relatively few
45 ft maritime containers in European use can be carried, more effectively by
barge than on road. Height is a problem in the upper Rhine, where bridges do
not allow more than three-high stacking. These issues are less significant in the
lower Rhine, where pusher barge combinations can operate at high produc-
tivity and low cost. Here it is unlikely that rail or truck can compete with reli-
ability and low costs of the efficient barge mode, for maritime ISO containers.

Domestic containers are however wider, at 2.5 m, and usually only have
bottom lift, making them unsuitable for open-hold barges. Serious efforts
were made in 1999–2000 to link Rhine shipping and rail in the EC PACT
project ‘ART’, for traffic with Italy, using early multipurpose domestic con-
tainers 2.5 m wide but with top lift and stacking capability; but the market
acceptance was not demonstrated. The technical and economic obstacles,
coupled with non-competitive rail, were still too great at that time. Since
most markets for domestic intermodal are strongest on routes where inland
waterways have few natural affinities, no rapid change is expected, but an
area of interest exists where inland waterways can interact with short-sea
vessels for European coastal and regional services.

12.5 CONCLUSIONS

As has been shown, interoperability and interconnectivity issues can create
serious additional burdens for intermodal freight operations. Since, within
Europe, the economic and performance limits of land intermodal inhibit
its competitivity severely, it seems clear that it also suffers from the addi-
tional costs, delays and risk of failure which interoperability, especially on
railways, causes.

Significantly, as liner shipping moved rapidly to intermodal operations
over 30 years ago, interoperability within the chosen system was achieved
rapidly. Technical norms are enforced by international conventions and by
usage. Interconnectivity was an issue since ports and terminals represented
interfaces with a basically incompatible hinterland, but this has not hin-
dered the growth of a worldwide and effective low-cost tradition of high-
quality service.

As inland waterways have integrated into these operations, they have
largely accepted the standards of liner shipping, thus reducing interoper-
ability issues voluntarily and aligning investments.
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We return to railways, where the biggest obstacles remain. If intermodal,
in the maritime trades and in the much more contested sector of domestic
intermodal, is to be as effective as is hoped (and believed possible), rail
interoperability in the letter and spirit of the current EU legislation is
urgent. Much of this will be costly to realize, but even first and simple steps
to align working practices, raise quality, increase transparency and realize
effective open competition would significantly improve business prospects,
thereby attracting greater investment and commitment.
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13. Interorganizational coordination:
the role of information technology
Mariëlle den Hengst

13.1 INTRODUCTION

In the New Economy, organizations must continuously change due to
ongoing changes in the environment (Donaldson 1996). In trying to
improve the performance of the organization, the focus has shifted from
the organizational level towards the interorganizational level (Malone and
Rockart 1991; McGrath and Hollingshead 1994). This growing interest in
interorganizational coordination can be illustrated by several interrelated
business trends, such as globalization, outsourcing of secondary activities,
and technological developments. This chapter concentrates on the impact
of technological developments on interorganizational coordination.

Developments in information and communication technology (ICT)
such as the World Wide Web, electronic data interchange and electronic
mail can be seen as enablers to cross organizational boundaries more easily
when dealing with information-intensive processes. In the beginning, the
focus was on supporting existing interorganizational processes, for example
the exchange of documents between organizations. One rapidly growing
trend today is the emergence of new ways to do business, replacing the
current businesses. Examples of this are the introduction of electronic
trading markets, electronic auctions and electronic bookstores. This shows
that ICT has developed from a minor force supporting interorganizational
coordination into a dominant force for changing it (Buxmann and Gebauer
1998).

Interorganizational coordination is an important element in intermodal
transport. Many organizations with different interests, cultures and core
businesses are involved in intermodal transport. The processes of these
organizations must increasingly be tuned to meet the ever-growing require-
ments of transport. Despite some successful initiatives to introduce ICT to
support interorganizational coordination, there are also many failures. The
several attempts to introduce a centralized database in the port of
Rotterdam are just an example. Although there are many reasons for these
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failures, one of the reasons addressed in this chapter is the lack of a proper
understanding of the impact of ICT on interorganizational coordination
and vice versa.

In this chapter the impact of ICT on interorganizational coordination in
intermodal transport is discussed. First, a theoretical framework on
interorganizational coordination is presented. Second, this framework is
applied to the container transport practice as an example of intermodal
transport. Third, an ICT-based system is proposed to support interorgan-
izational coordination in container transport. Finally, the possible impact
of this system on interorganizational coordination in container transport
is discussed.

13.2 INTERORGANIZATIONAL COORDINATION
THEORY

The need for coordination arises as a logical consequence of the division
of labour in and between organizations (Mintzberg 1993). A general
definition of coordination is proposed by Malone and Crowston (1994):
‘coordination is managing dependencies’. Coordination processes are
required to manage dependencies. Processes are, however, not the only
mechanisms to achieve coordination. The structure of a group of organ-
izations can also be seen as a mechanism for coordinating activities (Jablin
1987). Both interorganizational coordination processes and interorganiza-
tional coordination structures are discussed below. This section is con-
cluded with paying attention to the impact of ICT on interorganizational
coordination. The theory presented in this section will be applied to inter-
modal transport in the next section.

Interorganizational Coordination Processes

In this chapter the focus is on two types of dependencies that must be
managed in interorganizational coordination (Alexander 1993; Malone
and Crowston 1994; Thompson 1967): those concerning competitive or
shared resources and those concerning sequential added value or sup-
plier–buyer relationships. To manage these two types of dependencies
two different interorganizational coordination processes are distinguished:
strategic and operational.

Strategic coordination focuses on managing competitive resources.
Decisions must be made as to what processes are needed for the fulfilment
of a customer order and which organizations are selected for the execution
of these processes. A contract between the organizations is detailed. The
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output of the strategic coordination processes is a blueprint specifying,
among others, the preconditions for the operational coordination pro-
cesses. For intermodal transport, the blueprint specifies which transport
services are combined for a certain transport request and under which
conditions.

Operational coordination focuses on managing sequential relationships.
It takes place during the execution of the customer order and focuses on
the flow of goods or services through the sequential processes. The trans-
fer of goods from one modality to another and the information exchange
required for this form the main part of operational coordination in inter-
modal transport.

This chapter pays special attention to strategic coordination processes.
Operational coordination processes already receive a great deal of atten-
tion in practice, and strategic coordination processes are far behind, as will
be shown in the next section. Strategic coordination is divided into three
smaller steps, based on Guttman and Maes (1998):

● The information step mainly involves information collection about
competitors, suppliers, clients and environmental changes.

● During the preparation step, negotiations are prepared for by
defining requirements to specify what is needed and by selecting pos-
sible suppliers that can meet these requirements.

● During negotiation, one tries to reach an agreement with one or more
of the suppliers selected. Negotiation can be seen as the iterative
communication of offers and counteroffers. The negotiation process
terminates when a consensus is reached or a willingness to negotiate
vanishes.

Interorganizational Coordination Structures

Besides the processes described above, interorganizational structures can be
seen as mechanisms to achieve coordination. A structure, at an abstract
level, can be viewed as a collection of elements and the set of relationships
that connect these elements (Monge and Eisenberg 1987). In an interorga-
nizational structure, the elements are the organizations and the relation-
ships are coordination related.

Many different forms of interorganizational coordination structures
exist, but they can be categorized into three basic coordination structures
(Malone and Crowston 1994; Powell 1991; Thompson et al. 1991). A hier-
archical coordination structure is characterized by long-lasting relation-
ships between organizations with fixed rules of behaviour and clear
authority relationships. The market as a structure coordinates fully

254 Implementation and policy



autonomous organizations via bidding and pricing systems. Hybrids or
networks vary between the extremes of pure markets and pure hierarchies.

The division between hierarchies, markets and hybrids is insufficient to
describe individual situations as they include more complex developments.
Four characteristics of coordination structures are proposed for dealing
with this (Hengst and Sol 2002):

● Coordination structures can be classified into decentralized and cen-
tralized structures (Malone and Crowston 1994). In a decentralized
structure, all buyers are able to contact all sellers to negotiate trans-
actions, whereas in a centralized structure transactions between
buyers and sellers are negotiated indirectly through a broker.

● The characteristic of the coordination structure being dominated or
neutral takes into consideration the power of setting prices and rules
(Bodendorf and Reinheimer 1997). In a dominated structure, one
organization sets the prices and rules and it is up to the other orga-
nization either to accept this or not to agree on the deal. In contrast,
a neutral structure enables organizations to introduce their prices
and rules and to negotiate them among each other.

● The third characteristic takes into consideration the number of buyers
or sellers that take part in the coordination and can vary between one
organization and the total number of buyers and sellers in the
network. The term ‘participant’ is introduced to refer to the buying
and selling organizations. A distinction is made between the number
of participants with whom agreements are negotiated (strategic coor-
dination processes) and the number of participants with whom agree-
ments are settled (operational coordination processes). The number
of participants during negotiations can influence the results of the
negotiations (Kalakota and Whinston 1996; Porter 1980): the more
participants that take part, the better supply and demand can be coor-
dinated.

● Organizations make agreements about a certain good or service. This
agreement could be valid once only (short term) or for a longer
period of time in which the good or service is required more than
once (long term) (Williamson 1985). This is captured in the fourth
characteristic, the duration of agreements.

Impact of ICT on Interorganizational Coordination

It is widely believed that the use of ICT reduces costs and increases capabil-
ities and, therefore, enables people to shape coordination (Benjamin and
Wigand 1996; Bodendorf and Reinheimer 1997; Chircu and Kauffman 2000;
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Kornelius and Ekering 1994; Malone and Crowston 1994; Malone and
Rockart 1991; Malone et al. 1987). Here we elaborate on the impact of ICT
on the four characteristics of coordination structures (Hengst and Sol 2002):

● Coordination structures will become more centralized thanks to the
use of ICT. At first glance it seems to be the other way around. As a
result of a reduction in coordination costs, more decentralized struc-
tures will come within reach of buyers and sellers (Bakos 1991b;
Cramton 1991; Lee and Clark 1996; Malone et al. 1987). An addi-
tional result, however, is that more and more information becomes
available. The more information becomes available, the more difficult
it gets to find the right information. Eventually, a centralized struc-
ture is preferred in which one or more brokers can satisfy the need for
information required for coordination (Bailey and Bakos 1997;
Bakos 1998; Kornelius and Ekering 1994; Malone and Rockart 1991;
Moore 1996).

● The use of ICT is not expected to influence the aspect of dominated
versus neutral.

● The number of participants during negotiations will increase thanks
to the use of ICT (Bakos 1991a). The optimal number of participants
to contact is determined by trading off coordination costs for further
searches for new participants against the expected benefit from iden-
tifying a better participant (Bakos and Brynjolfsson 1993). The use
of ICT reduces the costs of coordination and as thus leads to more
participants (Kalakota and Whinston 1996).

● The use of ICT can also influence the duration of agreements. To
build a relationship with an organization requires some investments,
for example in information systems to share information. If the
investments are high, it is not profitable to do this over and over
again. Long-term agreements are settled in which the good or service
can be supplied more than once. With the ongoing developments in
ICT, the investments required will become lower. This could eventu-
ally lead to agreements for a shorter period of time.

In the expectations discussed above ICT is considered to be the driving
force. There are, however, other aspects that have an influence on interor-
ganizational coordination structures (Bailey and Bakos 1997; Rosenschein
and Zlotkin 1994). Summarized below are six aspects that can be consid-
ered of importance:

● The first aspect concerns homogeneity and describes the number of
factors needed to distinguish goods or services from each other.
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When too many factors are required, this job is left to a third party,
a broker, resulting in a more centralized structure (Bodendorf and
Reinheimer 1997). Malone et al. (1987) add to this that the greater
the number of factors needed, the longer the relationships will last
and the lower the number of participants will be.

● The aspect of specificity refers to the degree to which the relationship
between a buyer and a seller will produce an asset that is dedicated to
a special purpose with poor alternative uses (Williamson 1986). If the
degree of specificity is low, the buyer should adopt the maximum fea-
sible number of sellers (Bakos and Brynjolfsson 1993), or the seller
should adopt the maximum feasible number of buyers. Besides
the number of participants, the duration of agreements is also
influenced. The more specific the investments to be made, the longer
the period of agreement will be.

● Time pressure exists for all goods and services since if it does not
matter when the good or service is sold, it would not matter whether
they were sold at all (Cramton 1991). The degree of time pressure,
however, can differ among different goods and services. Under no
time pressure the possibility exists to contact a large amount of
sellers or buyers, where under pressure no time might be available to
do this. Time pressure also influences the duration of agreements.
When time pressure is quite high, negotiating could take up too much
time. Long-lasting agreements are more preferable in that case.

● Goods or services can have a high value for an organization, for
example where a critical purchase is concerned. Trust in the relation-
ship is an important factor in these situations (Levacic 1991). Sellers
or buyers are inclined to only a few participants and long-lasting rela-
tionships to build a relationship of trust.

● Frequency refers to how often a good or service is required, either
occasionally or recurrently (Williamson 1986). The duration of an
agreement and the number of participants are influenced by the
frequency. The greater the frequency, the better long-term con-
tracts are with only a few participants, since it would become too
costly if agreements must be settled each time a good or service is
required.

● Uncertainty is defined as the difference between the information at
hand and the information needed to make a decision (Galbraith
1977). Long-lasting relationships with only a few participants prevail
in uncertain situations (Williamson 1975).

The use of ICT and the aforementioned aspects are interrelated as well.
Using ICT support it becomes easier to deal with low homogeneity, high
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time pressure, high frequency and high uncertainty: more information can
be processed faultlessly in a shorter period of time. This indirectly increases
the possibilities for more participants and shorter agreements; see also
Figure 13.1.

13.3 INTERORGANIZATIONAL COORDINATION
PRACTICE

Today, well over 60 per cent of the world’s ocean-going general cargo is
transported in containers (Muller 1995). The percentage of containerized
cargo is even higher between economically strong and stable countries,
approaching 100 per cent in some cases. There are around 400 ports all over
the world that have the capability to handle containers. Though some of the
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containers are delivered to these ports and collected again from these ports
by ocean-going vessels, the majority arrive and depart by road, rail or inland
shipping. For the port of Rotterdam, for example, 85 per cent of the con-
tainerized goods have their origin or destination somewhere in Europe
(GHR 1996). Inland container transport, therefore, is important. Inland
container transport is the transport of containers between a port and a place
in the hinterland. Many organizations are involved, with different interests,
cultures and core businesses. These organizations include forwarders, rail
and barge operators, trucking companies, terminal operators, Customs, and
insurance companies. Figure 13.2 shows the different organizations in the
possible role they can play in inland container transport. The processes of
these organizations must increasingly be tuned to meet the ever-growing
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Figure 13.2 Organizations in inland container transport
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requirements for container transport. Interorganizational coordination is
important here and it is described below by focusing on the processes and
the structures.

Interorganizational Coordination Processes

The chain manager fulfils an important role in the coordination of con-
tainer transport. This role can be carried out by different organizations:
forwarder, shipping agent, carrier, and even by the shipper. During the
operational coordination level, the chain manager, on behalf of the trans-
port requester, takes care of the documents and formalities that are
required for different activities in the container transport chain. ICT-based
systems have been, and still are being introduced to improve the informa-
tion exchange: less errors, faster exchange and in-time delivery.

During the strategic level, however, little ICT support is used. The chain
manager supports the transport requester in selecting those transport ser-
vices that have the best fit with the requirements of the requester. The chain
manager must, therefore, know the possibilities and follow the latest devel-
opments in the transport network. Close contact with transport providers
is a prerequisite. Information and communication are important in this.
Conventional technologies such as fax and phone are used to support coor-
dination. This limits the strategic coordination processes in several ways:
information is scarcely available and mainly on paper only, the amount of
information used is limited since processing this information by hand is
time-consuming, the tariff is the most important factor taken into account
whereas other important factors are neglected, decisions about with whom
to do business are made by playing it by ear, and subjective preferences of
the persons in charge dominate the choice of business partners.

It is believed that the situation described above is not adequate any more
as a result of today’s developments. First, it is getting more difficult to make
the right selection of transport services offered, because the container
transport network is getting wider and more dynamic: information about
the network today is outdated tomorrow. Second, given the increasingly
competitive transport market, transport requesters ask for cheaper trans-
port and more possibilities to choose from, but still with a high level of reli-
ability. It becomes increasingly important to process the increasing amount
of information and to settle competitive agreements with the partners.

Interorganizational Coordination Structures

The coordination structures of inland container transport can be charac-
terized using the four characteristics mentioned in the previous section.
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First, the coordination structure is neither centralized nor decentralized:
transport requesters can negotiate directly with transport providers and
vice versa without the intervention of a broker, and transport requesters
and transport providers can be represented by a broker. Second, a neutral
coordination structure exists in inland container transport. Prices and rules
for which and by which a container is to be transported are part of the
negotiation and are not preset by one of the organizations. Third, the
number of participants in inland container transport has the potential to
be quite high. In practice, however, only a few organizations participate in
a specific negotiation process and settle agreements. Finally, the coordina-
tion structure of inland container transport is characterized by long-term
agreements between participants. Agreements are settled for a period
varying from three months to a year and after this time they are almost
always renewed for the next period of time.

The use of ICT to support the interorganizational processes (proposed
in the next section) can influence the interorganizational coordination
structures currently used. The directions of these changes are shown by
describing the impact of ICT as well as the impact of the aspects mentioned
in the previous section.

In inland container transport, the homogeneity of the transport service
is quite low. There are many factors involved as it is not only origin and des-
tination that influence the pricing of the transport service, but also other
factors such as the type of goods, the weight of the goods, the departure
and arrival times, the transport mode being used, the reliability, the admin-
istrative and physical complexity, the environmental effect and additional
services. Relationships in inland container transport require hardly any
relationship-specific investments in physical assets. The container is a stan-
dardized unit so no organization has to invest in equipment for the physi-
cal handling. Investments in ICT, however, are often relationship-specific.
With the ongoing developments in ICT, it is expected that this specificity
will vanish. Time pressure in inland container transport is often high. A
transport service cannot be stored for later use, but is carried out at a
specific moment. The goods that must be transported are often also under
time pressure, because they must be available on time at the receiver for
further processing. The value of a transport service in inland container
transport depends on the type of goods that are transported. When the
goods concern a critical purchase the value is high, but it could also concern
goods of a low value. The frequency of transactions in inland container
transport is quite high. Occasional transport of containers does happen,
but only rarely. Most transport has a recurring nature. Inland container
transport must deal with different types of uncertainties. One type of
uncertainty is that economic trends are unknown. This makes it difficult to
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forecast the flow of products and goods in size and in direction, that is, to
which regions products will be transported. Furthermore, it is not known
in advance when a transport requester will have a container ready to be
transported and how many containers the transport requester is going to
transport.

To resume, the coordination structure can be described as either central-
ized or decentralized, neutral, with a few participants and long-term rela-
tionships. The use of ICT support is described above as having the potential
to change coordination structures: more centralized, more participants and
more short-term relationships. Furthermore, because of the low homo-
geneity, the high time pressure, the high frequency and the high level of
uncertainty in the inland container transport chain, a centralized coordi-
nation structure is favoured in which transactions between buyers and
sellers are negotiated indirectly through a broker. The number of partici-
pants should be kept low to avoid complexity during coordination and to
build a relationship of trust. This is true both during negotiations and for
settlement. There are also reasons to prefer long-term relationships to
short-term ones. Using ICT support, however, it becomes easier to deal
with low homogeneity, high time pressure and high frequency: more infor-
mation can be processed faultlessly in a shorter period of time. This again
increases the possibilities for more participants and shorter agreements.

Taking the above-mentioned notions into account, the following coordi-
nation structure can be ‘prescribed’. The coordination structure of the
inland container transport chain should be neutral and centralized through
several chain managers, just as is the case in the current situation. The
number of participants will increase compared to the current situation.
However, long-term agreements are expected instead of short-term agree-
ments, so that a relationship of mutual trust can be built in an uncertain
environment.

13.4 INTERORGANIZATIONAL COORDINATION
SYSTEM

An ICT-based system to support the strategic coordination processes could
have added value as well as making a major impact on the inland container
transport industry. A chain manager takes the leading role in strategic coor-
dination and could be supported by the ICT-based system proposed below.
Strategic coordination is carried out in three steps. First, detailed informa-
tion about the inland container transport industry should be collected
during the information step. An information structure is designed to
support this. Next, during the preparation step, transport solutions have to
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be designed that are a match between transport requests of shippers and
transport services offered by carriers. A model base is designed to support
this. Finally, the transport solutions that result are used as input for the
negotiation step. There is no support proposed for the negotiation step;
because of the importance of trust, personal communication is preferred
over ICT-supported communication.

Information Structure

Information must be collected about the inland container transport indus-
try. The great challenge in this is to find a good structure for storing infor-
mation about different elements of the container transport system: trains
follow a time schedule, trucks can drive at any moment in time, tariffs
depend on the type and weight of the container and the weight of the good,
tariffs for transshipment depend on the time of day, and so on. The infor-
mation structure is presented in Figure 13.3 and stores information on three
main elements: transport providers, transport requesters and competitors.

First, information about transport providers is stored. Two types of
providers are of importance: carriers and terminal operators. A terminal
operator operates at one or more terminals. Two services are carried out at
a terminal: transshipment and storage. The storage of a container costs a
certain amount of money. The transshipment of a container also costs a
certain amount of money, but this amount depends on the transport mode
and on the time transshipment takes place. The carrier is the other type of
transport provider, which operates a transport service on a connection
between two terminals. A connection has a certain distance, which can be
crossed using a specific transport mode. A transport mode causes some
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environmental costs when used, for example air pollution. A list of the
types of goods that are allowed on this connection is added to the infor-
mation structure. The transport of highly explosive goods, for example, is
prohibited on certain connections. Furthermore, a connection has a start
time and an end time. The reason for this is that transport may not take
place at every time of the day or week, for example during nights or week-
ends it might be prohibited. A transport service starts at a certain moment
in time, has a certain frequency such as daily or weekly, and takes a certain
time to complete. In case of a truck service, which does not follow a sched-
ule, start time is not relevant, but information about the duration time is
relevant. Furthermore, the transport of a container costs a certain amount
of money. Finally, a list of the types of goods that are allowed to be trans-
ported with this transport service is added to the information structure: for
the transport of some types of goods, a qualification is required and not
every transport provider has the right qualifications.

The second element concerns transport requesters. A transport requester
can have one or more transport requests. A transport request contains
information about the number of containers which the transport requester
wishes to transport, the type of goods in the containers, the origin and des-
tinations of the containers, the total transport time allowed, and the pre-
ferred transport modes. Furthermore, a request comes with certain criteria
that must be met, for example concerning costs, transport time, physical
and administrative complexity, environmental effect, reliability, safety,
after-sales service and quality.

The third element is about competitors. Competitors are other chain
managers offering services to transport requesters. They provide transport
solutions between two terminals. A competitive solution has a certain tariff,
starts at a certain moment in time, takes a certain time to complete, uses
one or more transport modes, and has possibly extra services that come
with the transport solution.

Model Base

The model base mainly consists of an algorithm to find a transport solu-
tion that matches a transport request. Several criteria are being used to
indicate the degree in which the transport solution meets the requirements
of the transport request. The number of criteria taken into account should
not be restricted: the more criteria there are under consideration, the more
a better comparison between alternatives is enabled and the more the
outcome of the negotiation is improved (Roloff and Jordan 1992; Schermer
1997). Some criteria are transport-related: costs, time, environmental effect,
physical complexity, administrative complexity and extra service. Other
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criteria are participant-related: quality, reliability, personal relationship
and after-sales service. The algorithm should meet several requirements:

● Multiple transport modes. Inland container transport is character-
ized by intermodality, meaning that more than one transport mode
can be used for the transport of containers. The algorithm must work
with trains, trucks, barges and coastal vessels.

● Multiple time aspects. The algorithm should deal simultaneously
with three different time aspects. The first aspect is the transit time of
transport services without taking scheduling into account. Trucks
that can travel at any time are an example of this. The second time
aspect takes into account time schedules according to which a trans-
port service is carried out, for example in the case of trains. The third
time aspect concerns time windows in which no transport is allowed,
for example a driving ban during weekends for trucks, or tides in the
case of coastal vessels.

● Multiple criteria. It is important to take into account multiple crite-
ria for the design of a transport solution.

Several algorithms exist for similar problems (Buis 1996; Dijkstra 1959;
Floyd 1962; Tulp 1991). Unfortunately, most algorithms lack some aspects
required for use in inland container transport. Buis’s algorithm meets the
requirements best and is used as a starting point for the algorithm. The
requirement for using multiple criteria is not met by his algorithm and this
needs to be adapted in the algorithm. The algorithm is based on the short-
est path algorithm described in Dijkstra (1959) and elaborated in Buis
(1996). Dijkstra’s algorithm is often considered to be the best algorithm to
search a finite, directed graph whose links have non-negative lengths. For a
detailed description of the algorithm see Hengst (2002).

Prototype

The information structure and the algorithm are translated into a proto-
type to show the possibilities of ICT support to strategic coordination
processes.

When looking at the entry screen (Figure 13.4) several elements in the
user interface can be detected. The transport request is elaborated into
great detail. Besides asking for the origin and destination as well as the pre-
ferred transport modes, elements like the type of container, type of goods
and time preferences can be entered (on the left side of the screen). On the
right side of the screen, the criteria for the transport request can be set to
a value. For the criteria tariff, for example, a limit is asked for as well as a
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desired value. After defining the transport request, the best transport solu-
tion is shown to the user. The scores of the transport solution on the
different criteria are presented. Besides this global level, a more detailed
level of the transport solution in which more information is presented can
also be shown. If the best solution shown is not chosen, one can search for
the next-best solution.

13.5 DISCUSSION AND CONCLUSIONS

ICT offers great opportunities for changing and supporting interorganiza-
tional coordination. This chapter has given insight into interorganizational
coordination and the theoretical impact of ICT and has also provided a
design for an ICT-based system to support interorganizational coordina-
tion at a strategic level. The prototype and theory were used in four steps
for evaluation.

First, the framework of Figure 13.4 was filled to see whether the elements
of the framework correspond with practice and are sufficient for the
purpose of the framework. Almost 75 people were consulted from 45
different organizations in inland container transport. Although practition-
ers understood the elements and used them properly, it was difficult to come
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up with one ‘value’ for most of the elements. This was usually caused by
exceptional situations. Nonetheless, the elements could be filled and
appeared to be sufficient for an overview of interorganizational structures
and the related aspects.

Second, the suggested interorganizational coordination structure was
presented to nine experts for evaluation, five from the container practice
and four from the consulting practice. After a thorough presentation on the
research, the framework and the suggestions, the experts were asked to
react to a number of propositions. The propositions and their responses are
presented in Table 13.1. The responses are in line with the suggestions
derived from the framework.

Besides their opinions on the elements presented above, the experts were
asked to translate the situation sketched by the framework and the proto-
type into practice. They all believed that a situation like this would arise in
inland container transport. They also thought, however, that it would take
quite a while, perhaps a decade or more, to evolve. Implementing the system
described in this chapter is just one step towards improving interorganiza-
tional coordination. Interorganizational processes and structures must
change accordingly to gain maximum advantage of the usage of ICT.
Coordination structures cannot be prescribed, but have to evolve over time,
and investments in ICT in the inland container transport industry might
take some time.
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Proposition

The number of transport providers 2 6 1
with which a relationship exists 
will increase (operational).

Negotiations will be carried out with a 4 3 2
wider range of transport providers 
than at present (strategic).

There will be fewer long-term – 1 8
relationships compared with the 
current multiyear relationships.

Information and communication 2 6 1
technology is going to play an
increasingly important role in
interorganizational coordination.
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Third, a simulation model was developed to measure the performance in
interorganizational coordination, making use of the ICT-based system
proposed. The simulation model focused on matching supply and demand.
Supply was modelled with more than 7500 transport services offered by
transport providers, demand with slightly more than 10 000 transport
requests from shippers. The simulation model was used twice: once accord-
ing to the current situation and once according to the system designed. The
results show that transport requests and transport services can be matched
significantly better in the suggested interorganizational coordination
system than in the current interorganizational coordination system. For a
more detailed analysis of the performance, the reader is referred to Hengst
(1999).

The fourth step of the evaluation concerned a real-life implementation
of the ICT-based system. It showed that filling the database with the right
information is a time-consuming activity. This is because most of the infor-
mation is available only on paper at this moment, and because some infor-
mation elements are not known in the current situation and must be
collected explicitly. Although this activity is considered time-consuming, it
is expected that most of this information will be made available in an elec-
tronic format in time. The use of Internet and software agents can then take
over a great part of the work now done by human beings.
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14. Development strategies for
intermodal transport in Europe
Dimitrios Tsamboulas

14.1 INTRODUCTION

The current share of intermodal transport in Europe is low, as is its supply
quality, despite continuous efforts for its promotion. This has to be viewed
in the context of the highly competitive and congested freight transport
market environment, characterized by generally low costs. Congestion on
the road network and access to intermodal nodes is a critical issue, espe-
cially in urban areas and at critical natural geographic barriers, such as the
Alps and the English Channel. Many motorways experience large delays,
especially within and near urban centres. Ports, airports and rail terminals
are particularly prone to peak congestion periods.

In part, the unsatisfactory current status of intermodal transport quality
and use is mainly caused by a poor infrastructural inheritance, poor levels
of interoperability, fragmentation of operational control, separation of
operational control from responsibility, and institutional arrangements
that are unclear and continuously changing due to their transitional nature.
However, the intermodal transport environment is currently undergoing a
restructuring phase at a European level. Certain segments of the market
present strong trends for new actors to emerge and for diffusion of actors
in different sectors of transport activity. Within the above-presented
context, the present chapter investigates ways and possible strategies to
develop intermodal transport further in Europe and increase its modal
share.

In most cases, freight transport traffic must share facilities with passen-
ger traffic. As an example, passenger rail services, which provide frequent
services between most European cities, receive priority treatment on many
rail lines. Hence, to coordinate train movements, freight trains are limited
in number, so that they do not infringe upon the movement of passenger
trains. One of the interesting questions that have been raised is the likely
impact of the high-speed rail network being developed on its own right-of-
way throughout Europe. Will this free additional capacity on the local rail
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network provide more productive freight rail services? This possible devel-
opment scenario and others are discussed in this chapter.

The European Commission recognizes the importance of reforming the
policy framework within which European intermodal transport operates.
Commencing in the mid-1990s, it has prepared a series of legislative pro-
posals aimed at revitalizing Europe’s intermodal transport and more
specifically rail transport. The transport policy of the European Union is
based upon the principle that private individuals and commercial enter-
prises should enjoy freedom of choice between efficient and competitive
transport modes, whilst paying prices that fully reflect the economic and
social cost of their decisions.

The Commission’s first White Paper on the future development of
common transport policy was published in December 1996 (European
Commission 1996). The guiding principle was the opening-up of the trans-
port market. Over the last ten years, this objective has been generally
achieved, except in the rail sector. The European Commission (2001a)
(European Transport Policy for 2010: Time to Decide), published the Second
White Paper (2001b), Communication COM (2001) 264, which calls for a
shift of balance between the modes by way of an investment policy in infra-
structure geared to railways, inland waterways, short-sea shipping and
intermodal operations.

Furthermore, it proposes some 60 specific measures to be taken at com-
munity level under the transport policy. It includes guidelines for turning
intermodality into reality. It sets priorities, which should be technical har-
monization and interoperability between systems, especially for containers.
In addition, the new Community support programme ‘Marco Polo’, tar-
geted at innovative initiatives, to promote sea motorways in particular, will
aim at making intermodality an economically viable reality.

According to Directive 2001/14 of the European Parliament and of the
Council of 26 February 2001, on the allocation of railway infrastructure
capacity and the levying of charges for the use of railway infrastructure and
safety certification, ‘the charging and capacity allocation schemes should
permit equal and non-discriminating access for all undertakings and
attempt as far as possible to meet the needs of all users and traffic types in
a fair and non-discriminating manner’.

In addition, two Directives (96/48 and 2001/16) deal specifically with the
interoperability of railways, in technical, operational and legal terms. This
is a key factor in promoting intermodal transport with the use of the rail-
ways. Similar efforts for the promotion of intermodal transport are under
development, such as for short-sea shipping (COM (2004) 453 final and
COM (2006) 380 final) and the promotion of ‘Motorways of the Sea’
(Decision 884/2004).

272 Implementation and policy



14.2 ACTIONS ALREADY TAKEN FOR
INTERMODAL TRANSPORT DEVELOPMENT

The major focus of initial EU efforts was on the development of free com-
petition and interoperability of transport systems, including the promotion
of necessary infrastructure and consistency in Member States’ laws. In
addition, the EU identified priority investment projects that would best
enhance the connectivity and interoperability of the European transport
system. The EU has developed a Common Transport Policy that places
emphasis on sustainable mobility. Currently, however, there is considerable
debate on how to link transport goals with sustainability and related to
that, energy goals.

In the transalpine areas, as well as in Great Britain or Scandinavia,
where the haulage industry is highly fragmented, intermodal transport
becomes a tool for opening the international trade to small-sized firms by
the implementation of large logistics centres (interports, freight villages
or Euroterminals), which offer the small and medium-sized enterprises
(SMEs) accessibility to foreign markets.

Market pressures are triggering service rationalization strategies aimed
at increasing economies of scale: Given the capital-intensive nature of
many freight operations, and the fact that possible savings could occur only
when costly infrastructure is shared by many, there were cases where large-
scale investments were made to develop facilities that consolidate opera-
tions. By developing what might be called ‘hub’ operations, the per-unit
cost of transport is lowered. A number of indicative examples related to
intermodal centres (inland and maritime) and service providers are pre-
sented below (US Department of Transportation 2002).

Quadrante Europa/Verona Freight Village. This freight village covers a
surface area of more than 2.5 million square metres, making it one of the
largest European freight villages, operated by one entity. It is ideally located
at the intersection of the key motorways and rail lines in the northern part
of Italy. Hence it serves mainly international intermodal traffic (approxi-
mately 10 per cent of the country’s total, of which 80 per cent is inter-
national). Most traffic is transported to Northern Europe, especially to
Germany (and in particular to Munich) mainly through the Brenner Pass.
Apart from intermodal transshipment it offers a range of services includ-
ing custom procedures for non-EU cargo, logistic services, warehousing
and ancillary services for all stakeholders of the supply chain, that is, ship-
pers, freight forwarders and operators.

Kombiverkehr. Kombiverkehr was established in 1969 in Germany and
it is one of the largest providers of overland intermodal services in the
world. It provides ‘one-stop-shop’ services for intermodal freight transport,

Development strategies for intermodal transport in Europe 273



at the lowest possible costs. The services offered to customers are mainly
block train services to German ports and to the EU (28 block trains daily
serving approximately 60 terminals in European cities) and rolling highway
services throughout the EU. The German government has promoted the
widest possible participation of private capital in the company, and hence
more than 250 European transport companies and freight forwarders are
shareholders. To expand further the vertical provision of intermodal ser-
vices, Kombiverkehr is a partner of two German ports, and thus it increases
its handling capacity for intermodal freight.

Port of Gioia Tauro, Medcenter Container Terminal. The Port of Gioia
Tauro in south-west Italy in the region of Calabria started its operation in
1995. It has become the key freight transshipment node in a network of
more than 50 ports within the wider area of the Mediterranean and
Adriatic Sea, as well as the Black Sea. Approximately 95 per cent of the
total freight handled at the port is for transshipment. Transporting a ship-
ment from South-East Asia to Rotterdam or Hamburg by sea would
require 20 days or 22 days, respectively. However, shipping the containers
to Gioia Tauro and employing its intermodal services via northern Italy
and Switzerland would reduce the total transportation time to 14 days. Its
services in 2006 include two trains departing weekly to Milan from Gioia
Tauro, and nine weekly departures from Milan to Rotterdam. Hence,
expansion of such services is imminent, associated with the development of
a free trade zone in the port area.

Hupac/Trans Alps Service. The fact that Switzerland is not a member of
the EU, and is located among the Alps, which form a natural barrier to the
transport of goods along the north–south European axis, renders its
national transport policies crucial for European north–south traffic. In any
case, additional capacity at this particular location is needed. Until 2000,
Switzerland had a weight limit of 28 metric tonnes for trucks in transit,
while the corresponding limit in Europe was 40 metric tonnes. Moreover,
two-thirds of freight through Switzerland was transported by rail, whereas
the same percentage of freight through the French and Austrian Alps was
transported by road. Following continuous pressure from the EU member
states, the truck weight limit in Switzerland was raised to match that of the
rest of Europe. Nevertheless, the Swiss government doubled the road tax
fee (from €90 per truck to €200 per truck) in order to account for the add-
itional road damage. Despite this road charge increase, the transport cost
for German–Italian road freight was still lower through Switzerland, and
thus attracted high demand, resulting in significant congestion at the Swiss
borders and in some road tunnels, following strict safety measures to avoid
road accidents. Therefore, the option of intermodal services became very
attractive. The Hupac Group, an intermodal transport provider with a fleet
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of 2300 rail cars and locomotives and an operator of terminals, provides a
range of intermodal transport services, including that of a rolling highway
service that transports trucks across the Alps with a €300 per truck subsidy
from the Swiss government. Hupac services transport approximately 40 per
cent intermodal containers. The revenues from the road tax will partially
finance the construction of a new rail tunnel in the Alps and further
improvements to the railway system. The EU has agreed to contribute
financially to such investments. When the new rail connection is opera-
tional, it will facilitate a direct rail service from Milan to Frankfurt.

Flughafen/Cargo City, Frankfurt, Germany. Frankfurt Airport ranks as
the busiest cargo airport in Europe. It is ranked ninth worldwide. It is also
advertised to be the primal nodal centre in the world combining all trans-
port modes (air–road–rail–inland waterways). Needless to say, it provides
direct links to the German motorway (autobahn) network, access to inland
ports along the Rhine, and air links to more international destinations than
any other airport in Europe. The German government owns 71 per cent of
its management operator, named Fraport, whilst the rest belongs to private
investors and airport employees. Fraphort manages all leasing and invest-
ment operations of Cargo City, which was established in 1996 as the
airport’s main freight transshipment centre offering handling and trans-
shipment services.

In addition, the European Commission is promoting the Framework
‘Freight Transport Logistics in Europe – the key to sustainable mobility’
(COM(2006) 336 final), with measures like simplification of multimodal
chains and co-modality, with the aim of securing sustainable transport.

14.3 BARRIERS AND STRATEGIES FOR
INTERMODAL TRANSPORT DEVELOPMENT
IN EUROPE

Historically, national transport systems were designed in part for national
defence purposes, thus the physical design (for example the rail track
gauge) and operations strategies (for example the ability to use locomotives
across national boundaries) have often been incompatible. There are 37
different combinations of rail gauge, tunnel clearance and power systems
in Europe. This legacy has left a significant challenge to modern Europe to
provide a compatible transport network that is interoperable. Similarly,
the historical development of individual national transport systems has
resulted in a variable level of transport infrastructure development.

Distances beyond 400 km are presently regarded as the minimum for
intermodal transport to remain competitive – though there are exceptions.
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The two major exceptions to this rule are short transalpine links for com-
plete trucks, namely Rollende Landstrasse, and the special case of con-
tainer transport between the seaports of Rotterdam and Antwerp. The
challenge of European intermodal transport is to compete on the medium
transport distances below 500 km, where freight volumes are considerably
higher than those in long-distance links.

Small-size intermodal shipments are now largely transported by truck. If
they could be integrated into the intermodal system, intermodal transport
would increase its transport volume share. Researchers (Trip and
Bontekoning. 2002) have explored the possibility of implementing innova-
tive bundling models and new-generation terminals as a means to integrate
small-size shipments, mainly from outside the economic core areas, into the
intermodal system. It has been found that it is possible to apply the concept
of complex bundling with new-generation terminal operations, at least in
theory. The general advantages of such theoretical concepts can be shown
in that a higher loading degree of transport means higher frequency of ser-
vices or a larger geographical coverage of the network.

In the context of research regarding intermodal transport, there have
also been proposed strategies for European innovation policy in intermodal
transport (Van Klink and Van den Berg 1998; van Zuylen and Weber 2002).
It has been concluded that there are a multitude of factors fostering innov-
ation in freight intermodality technology, for example the transport of
empty containers (Choong et al. 2002); the development of integrated
centres for the transshipment, storage, collection and distribution of goods
with the aim to offer high-quality intermodal services (Konings 1996); and
the provision of integrated transport service with the use of intermodal
transport (D’Este 1996). A set of interdependent actions is proposed, com-
posed of regulatory changes, pilot actions and demonstrations, research
and development (R&D) (especially in new rail systems), new terminals
and perhaps stimuli for the creation of intermodal service providers, that
is, of organizations that have an intrinsic interest in intermodal solutions.

It has also been suggested that seaports are in an excellent position to
stimulate intermodal transport, given the scale advantages they can gener-
ate in inland transport. In practice, it has been found (Van Klink and Van
den Berg 1998) that the supply of intermodal services can enable seaports
to create new hinterland connections and extend their hinterland potential.

Successful integration of the operators in complex intermodal transport
chains needs to be supported firstly by adequate, harmonized European
regulations. Hence, it is imperative that the harmonization of the legal and
technical framework for international intermodal transports is imple-
mented. Lack of European harmonization in infrastructure characteristics;
in charging systems for use of infrastructure to cover its costs, regardless of
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transport mode; in operations rules; in regulations and standards and their
implementation; appears as a major obstacle to full interoperability in
international intermodal transport.

Technical specifications for transport means are often regulated
differently by country and by mode, which also raises questions on inte-
gration. In addition, individual operators have a tendency to acquire the
rolling stock that suit their operations and choice of loading units.
Handling the variety of vehicle types for different operators is a source of
congestion at terminals, which in turn causes inefficiency.

In order to eliminate such problems in intermodal transport, three types
of integration may be introduced:

● Spatial integration: considered as a way to create cohesion between
European regions. Although most European regions have access to a
terminal, it cannot be advocated that a Continent-wide cohesion
exists. On the one hand, there are regions generating high traffic
density for which intermodal transport can be very efficient and
already contributes to the opening-up and the unblocking of areas.
However, it is pointed out that the accessibility of the remote regions
by intermodal transport is not fully convincing. For these regions
there is a need to promote intermodal transport as part of a policy
of regional development and, in a transitional phase, a need for the
implementation of gateways.

● Professional integration: aims at making use of the customers’
knowledge and requirements and elaborating the ways to get the
transport actors involved, interested and informed about intermodal
transport.

● Technological integration: stresses that if a technological innovation
is a way to increase the quality of a particular function, it is also clear
that technology alone cannot be the solution to a global problem.
This type of integration, therefore, involves a method of implemen-
tation that creates the required synergies between technological
innovations and the operating systems they are applied to.

The EU research project ‘IQ’ has identified and proposed several devel-
opment policies for intermodal transport (IQ 2000):

1. Sustainability. This aims at promoting the development of intermodal
transport to achieve more sustainable mobility patterns and environ-
mental improvements.

2. Pricing policy. According to this, intermodal transport will be devel-
oped through cost-efficiency improvement of transport, reduction of
external costs and improvement of quality.
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3. Integration. The aim is to improve the interoperability and functioning
of transport modes by the efficient operation of transport inter-
changes, access to and from interchanges, and supporting telematics
information systems.

4. Competition. The aim is to improve the competitive position of inter-
modal freight transport through improved organization, technique and
control of transfer on medium distances.

The above policies need to be applied. In this context, in the same research
project, three scenarios regarding the development of intermodal transport
in Europe were elaborated and they are presented here as possible develop-
ment strategies for the implementation of the development policies:

1. Open corridors. This strategy refers to the development of intermodal
transport in limited but important flows over specific transport corri-
dors. These are flows on hinterland links of major seaports and services
provided to a restricted number of large shippers for inter-plant trans-
port. The crossing of natural barriers will potentially increase demand
and, therefore, transalpine corridors are considered as a possible part
of the limited ‘network’.

2. Highly efficient core network. Intermodal transport is developed along
major national and international corridors. The quality of rail services
should be significantly improved and the relevant costs decreased, in
order for rail transport to be able to compete with road transport,
which is also constantly improving its performance. Innovative solu-
tions for flow concentration are required, such as gateways and hubs,
supported by better performances of railways.

3. European-wide network. Under this scenario, intermodal services are
offered to European regions, under attractive commercial conditions.
Intermodal transport becomes a European-wide alternative mode to
road transport. For this to be successful, it needs strong public involve-
ment in terms of infrastructure investment and continuous support.

The EU research project PROMOTIQ provided guidelines for promot-
ing intermodal transport (PROMOTIQ 2000). The elements presented in
Table 14.1 are recognized as the most important ones for the promotion of
intermodal transport. The proposed actions to lift barriers refer to actions
for the alleviation of the respective barrier by any actor, public or adminis-
trative body, and so on.

The findings of the two projects mentioned above are combined to
produce a coherent action plan for the development of intermodal transport,
as presented in the following.
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Some of the actions presented above have already been considered by the
European Commission, and others are planned in the near future. With
Decision No 884/2004/EC, the Decision No 1692/96/EC on Community
guidelines for the development of the trans-European transport network is
amended. It focuses on measures to create a rail network giving priority to
freight, as well as the introduction of the Motorways of the Sea. Also, rail
links to ports are recognized as the means to make the most of the com-
plementarity between rail, sea and inland waterway transport.

Much progress has been made through Directives 2001/12 (on access to
railway infrastructure), 2001/13 (on licences to railway operators) and
2001/14 on railway capacity. On the lack of interoperability, progress has
been made on high-speed services. Now the European Commission intends
to do the same on the rest of the network, particularly for freight services.
On the high-speed network, under Directive 96/48 related to interoper-
ability harmonization, experts are working on adoption of Technical
Specifications for Interoperability (TSIs). For the rest of the network,
similar work has started under Directive 2001/16 for conventional rail
interoperability. Recently, both Directives have been amended by Directive
2004/50/EC on the interoperability of the trans-European high-speed rail
system and Directive 2001/16/EC on the interoperability of the trans-
European conventional rail system. There is also Directive 2004/51/EC of
the European Parliament and of the Council of 29 April 2004 amending
Council Directive 91/440/EEC on the development of the Community’s
railways, which provides for opening the rail market.

14.4 NEW AREAS FOR INTERMODAL TRANSPORT
DEVELOPMENT

Introduction

Areas (markets) for which potential exists to develop intermodal transport
have been identified (PROMOTIQ 2000). These areas provide opportun-
ities for intermodal transport to grow and at the same time raise its share
in the freight transport market. These are presented in the following. Five
new areas where the development of intermodal transport could be suc-
cessful are identified.

The Role of Railways as Traction Providers

Rail traction plays the most important role in intermodal transport chains,
since rail is the most commonly used mode in intermodal operations.
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There are still many barriers affecting rail operations, but the European
Commission has already taken legislative action for their alleviation.
However, there are still actions to be taken. Harmonization is a very crucial
element in optimizing intermodal rail operations and affects all aspects of
these operations. The most important step towards the promotion of rail
in freight transport in Europe is the commitment from the Commission to
create the Rail Freight Freeways (RFF), and the opening of the market
(Directives 2001/12, 2001/13, 2001/14).

There is a strong potential for intermodal transport if the railway com-
panies across the EU form alliances and collaborate on a pan-European
level. They will then be able to achieve economies of scale and also offer
better quality services to their customers across Europe. There is also a new
role to be played by the specialized railways which offer services to small
and niche markets, and this applies especially to short-distance rail services.

Another important issue is that of the train paths. Train paths (slots) can
be allocated in a number of ways. It would be preferable to establish a
dynamic process, which makes every company concerned aware that any
given path entails a certain cost. So far the infrastructure provider is in a
monopoly position. It is important to introduce an ad hoc structure for this
purpose. It would be contrary to the trend of liberalization to provide the
traditional railway operator with preferential rights. Significant steps have
been taken by the European Commission since 1991, but the fully open
market in railways has only been effective since January 2006, following the
provisions of Directive 2004/51/EC of the European Parliament and of
the Council of 29 April 2004 amending Council Directive 91/440/EEC on
the development of the Community’s railways.

Short-Distance (� 300 km) Intermodal Services

The main critical elements for creating obstacles to the development of
short-distance intermodal transport in Europe are the unfavourable trac-
tion rates compared to the long-distance services, the inappropriate infra-
structure for intermodal services at terminals (mainly this applies to the rail
gauge and the inland waterways facilities at maritime ports) and also the
access to infrastructure for short-distance services.

The only action that is feasible to be realized in a short time period and
with a comparatively low cost is the adjustment of the freight train rates
according to the distances they are operating. Responsible for taking this
action are mainly the national governments and the European Commission
in coordination with the national authorities. The same policy makers
should monitor and control the application of the action in the long term
with the help of a pan-European regulator.
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The actions to lift the barriers that exist in this domain should first be
focused in Northern and Central Europe, where dense freight flows exist and
there is more potential for short-distance intermodal services to be created
and be profitable as well. In areas where heavy freight traffic flows exist, the
alternative of short-distance intermodal services has the advantage of
avoiding road congestion and this should be communicated to potential cus-
tomers as a marketing tool. Pilot projects should be carefully designed and
selected and R&D activities would assist towards that direction.

Intermodal Services for Small Shipments

Small shipments markets are related to groupage and express transport ser-
vices. Intermodal transport services and actors exist in these market seg-
ments and, in particular, for the groupage activity. The development of new
services and actors is limited by technical, operational, commercial, social
and regulatory barriers. The groupage and express services are important
for the development of intermodal transport in a market dominated by
road transport, whereas their share, when compared to other types of
freight transport, will be intensified by the development of e-commerce.

In order to develop intermodal transport in the small shipments market
segment, consensus has to be found between the policy makers, in order to
introduce fair competition conditions in the market. At the same time,
the intermodal and railways operators have to develop pan-European
cooperation to promote rail networks and provide high-quality services to
integrators.

Intermodal transport could be developed in this market by:

● using rail intermodal services for groupage and express parcels to
provide transport services at national, European and international
levels;

● using high-speed freight or freight–passenger trains, to provide
express transport at short distances (between 150 and 300 km).

In order to be efficient and due to the weight–volume ratio of the parcels,
intermodal transport has to consolidate the flows and hence, there is a pos-
sibility for developing services within dense areas, where logistics and
industrial zones are well implemented. The small shipments segment is
characterized by high-value goods, which is one of the target market seg-
ments of intermodal transport. On a pan-European scale there are barri-
ers that do not permit interoperability in the small shipment sector, for
example remaining postal monopolies; border crossing, especially for
intra-European transports in transit through Switzerland; time schedules
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in intermodal transports and remaining customs regulations within
Europe.

Integration of Air Transport into the Intermodal Transport Chains

If intermodal services are to attract the air cargo market they must respond
to the same customer needs that air cargo does, and if possible enhance the
attributes of a door-to-door service integrating both rail and air transport
legs. Airfreight’s major advantage is that of speed of the air leg. Users are
prepared to pay a premium cost for the benefits of lower overall door-to-
door times.

The integration of air transport within the intermodal chain covers two
essential points of the transport policy:

● the enhancement of environment-friendly transport means and
reduction of the road congestion in the main corridors, hence an
improvement of the citizens’ lifestyle and mobility;

● the improvement of the physical and commercial accessibility of the
remote regions to European and outbound trade markets for SMEs.

The air–rail cargo services combination is not widely used at present for
serving airports and inland European destinations. The strong market posi-
tion of road transport for the pre- and end-haulage has until now been
difficult to displace by intermodal operations. The introduction of rail pre-
and end-haulage can be envisaged for specific transport markets, geo-
graphical areas, transport actors and commodity types. Freight transport
by road adequately fulfils the requirements of a surface transport system
and, therefore, constitutes the dominant means of transport that is coordi-
nated with airfreight transport.

The planning of the proposed measures to ensure the integration of air
transport within the intermodal chain is related to two types of actors:

● The institutional bodies (European Commission and member states),
which have produced a report with recommendations on the ways to
develop combined use of rail, in particular high speed services
and air. The European Commission has established the Rail Air
Intermodality Facilitation Forum, which has produced a report
with recommendations on ways to develop combined use of rail, in
particular high speed services and air.

● The operational actors (airlines, rail traction providers, rail infra-
structure managers, intermodal operators and users as the integra-
tors), who are in a better position to define the needs and to apply,
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within a cooperation process with the institutional bodies, the
measures to improve the competitiveness and the performances of
the intermodal transport.

New Trends in Short-Sea Shipping Services

Short-sea shipping (SSS) should be promoted as an environment-friendly
and safe alternative mode of transport, particularly to the congested road
or rail one. There is a certain need for integrating short-sea shipping in the
intermodal transport chain and, therefore, offering door-to-door services.
The main actions to be taken refer to the connectivity of ports with inter-
modal chains, the interoperability with other modes participating in the
chains, the standardization of loading units, the use of modern and efficient
information technology in SSS operations, the port infrastructure which is
sometimes not adequate or non-existent for intermodal operations, the pro-
cedures at ports, and finally, the use of new technology at ships for more
efficient operations on the sea leg.

Two very important elements for the promotion of short-sea shipping
are the change of its image and the creation of dedicated infrastructure for
short-sea shipping operations in ports. Hence, SSS should be considered as
a fast and reliable transport mode, which is competitive to road in terms of
quality of intermodal services.

Regulatory measures should also be taken, which will:

● Prevent distortion of competition between ports.
● Simplify existing customs procedures and other related administra-

tive formalities which arise at ports.
● Encourage the use of information technology for the best develop-

ment of short-sea shipping.
● Make EDI more widely available, particularly in the smaller ports

used by SSS.

14.5 PRIORITY ACTIONS AND ACTION PLAN
MODEL

Introduction

Given the analysis of the actions needed to be taken in order to promote
intermodal transport in Europe, as presented previously, the present
section deals with the main policy recommendations to the policy makers
for implementation. Thus, guidelines for the creation of new intermodal
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services and operators are included in the Policy Action Plan, which is
analysed below. The proposed actions are prioritized in relation to the time-
frame of their implementation. Possible conflicts between the proposed
actions are also presented.

Priority Actions

Several key priority actions are presented, based on existing tendencies and
the analysis provided in the previous sections.

Action No 1: Fair and efficient pricing
Context Charging systems have developed differently for different forms
of transport. It is, therefore, now difficult to create a European-wide,
integrated, sustainable transport system that is vital to the free movement
of goods in the Single European Market. The most important action is
the creation of a fair and transparent pricing system. This will lead to
increased competition within intermodal freight transport and, therefore,
to a lower investment risk for intermodal operators and investors.
Rail infrastructure charges should be harmonized with other freight
transport modes stimulating competition between rail, road and water
transport. Rail freight infrastructure pricing should also be harmonized
internationally.

Implementation The new pricing system should be promoted to the
current and potential customers of intermodal transport as an additional
benefit. This is a supplementary action to be taken by the policy makers
apart from the one establishing the fair and efficient pricing system. The
main expected result is that new operators will enter the intermodal market
and, therefore, competition will take the place of the current situation of
monopoly characterizing most cases. The new pricing system should be
monitored by the European Commission and regulated by the pan-
European intermodal regulator, which is proposed to be created as a sup-
plementary action.

Action No 2: Establish pan-European regulator for intermodal transport
Context The regulator will exercise his functions in a manner that will
promote the use of the network for the carriage of goods, exactly as it is
done in individual countries, for example in the United Kingdom (NERA
2000). The policy of the regulator should have as its main objective the
increase of intermodal transport within and between EU member coun-
tries. Supportive regulation can help. The pan-European regulator should
fully understand the market needs and also work closely with the European
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Commission and with the national governments for a growth in intermodal
transport flows. It should regulate the infrastructure providers and also
control them and making sure they meet the capacity needs of freight,
including routing strategy, network enhancements and sharing investment
risk. More specifically, it should take action to reduce freight transport
costs, help improve reliability of intermodal services, allow open access for
new operators (and new business in general) and manage its property
taking into account freight needs.

Implementation Although it is an action to be taken with very careful
steps, its urgency is so high that it makes it a short-term action. The cost of
establishing the pan-European intermodal operator is not high.

Action No 3: Establish intermodal standards
Context The variety of loading units has been recognized as one import-
ant barrier. Harmonization of loading unit standards across modes will
bring efficiency in intermodal operations and will also admit higher loading
factors and avoid empty hauls. The creation of working groups for setting
the standards of loading units as announced by the European Commission
in COM(97)243 is a good step towards harmonization and should be con-
tinued until standardization and harmonization are complete.

One of the main barriers identified in all aspects of intermodal transport
is the different procedures followed and documentation required between the
member states, mainly at terminals. One way to promote intermodal trans-
port is to harmonize these procedures, as this would cause faster and more
reliable services. A lot of paperwork can be transferred to electronic form
through the use of EDI, which should be extended to include more actors.

Implementation This varies according to the standards to be set. For
example if a best-practice handbook is to be produced for a medium-sized
terminal it should not take a long time, but in the case of a large port, it
could take a long time for the standards to be established. Setting the stand-
ards of the loading units is not a time-consuming procedure, but the trans-
fer from the current loading unit sizes to the new standard ones could be of
significant duration. The associated cost could be high as well, particularly
in the cases of countries with dense flows, in which operators regularly
change loading units. Nevertheless, this is not the case for the countries
with lower intermodal freight traffic flows.

Action No 4: Promote interoperability of intermodal operations
Context Interoperability of intermodal operations is not a single action,
it rather signifies a concept and in order for it to be fulfilled, several actions
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need to be taken simultaneously. Interoperability in intermodal operations
mostly refers to interoperability at interfaces (transshipment points). It is
directly related to Action No. 3 (harmonization of intermodal operations
standards). Interoperability will be promoted mainly by enforcing inter-
modal actors to follow the standards by applying a relevant regulatory
framework.

Implementation A long-term action is required with a high cost due to the
need to change the relevant technology and the standards of loading units.

Action Plan Model

Actions regarding implementation are needed in order for the EU to intro-
duce measures to overcome the identified barriers for the creation of new
intermodal services and operators. These barriers involve commercial,
social and operational issues. The aim is to find the way (with the assistance
of the introduced Policy Action Plan) to alleviate the barriers that might
exist together with their sources. The ‘non-value added’ activities have to be
removed. The Policy Action Plan is a systematic procedural framework for
the readjustment of the intermodal transport policy by the EU, with the
objective to overcome the barriers and enhance opportunities for increas-
ing the share of intermodal transport.

For the development of an action and in order to make it appropriate for
application, the following checklist has to be elaborated:

● What are the action’s objectives?
● Consensus issues among interested parties for a new intermodal

service.
● Added value from the introduction of such a service.
● Barriers for implementation.
● Risk assessment.
● Data requirements.
● Budget restrictions.

As the planning of an action progresses, the stages and linkages between
the checklist items need to be established. The actions suggested are related
to the general transport policy and they address issues that include among
others:

● environmental;
● economic; and
● social integration of Europe.
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Based on the above, an action (regardless of the area it is applied to) has
the following general objectives:

● Transport objectives. These aim to ensure the effective functioning of
the Community’s transport system and the protection of the envir-
onment. They also aim at advancing the state-of-the-art of an inter-
modal transport system or creating a new one.

● Sector objectives. These refer to objectives, which lie within a single
transport sector.

● Area objectives. These refer directly to the areas of major policy
interest within each transport sector. They support a policy decision
and they aim at implementing a new concept.

● Application objectives. These address the implementation of an
action and they also aim at building a consensus among different
actors of intermodal transport chains.

The basic origins of an action are:

1. A transport measure solution to an existing situation (top-down
approach).

2. The existence of a policy implying the introduction of a transport
measure (top-down approach).

3. The development of a technology, technique or other transport
measure (bottom-up approach).

The overall implementation plan refers to the organization for applying
the actions identified. It is a general overview of the process that should be
followed by policy makers in order to apply the proposed actions. It leads
to the Policy Action Plan, which is a decision tree for policy makers to
enable rational decision-making, as far as new and improved services and
actors in the intermodal transport market are concerned. The actions are
also related to the target group of customers for the new opportunities
(intermodal services), as well as with their implementation period.

In order to evaluate the results of an action or of a series of actions for
the promotion of intermodal transport, certain tools can be used, such as:

● cost–benefit analysis (CBA);
● multi-criteria analysis (MCA);
● cost effectiveness analysis (CEA);
● goal achievement methods (GAM).

In the context of the Policy Action Plan and in order to decide if an
action needs to be taken, the following steps have to be followed.
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First step
Four selections of targets need to be made first: transport market, geo-
graphical area, intermodal transport market actors and commodity types.
This selection is not required to be made for all four targets at once. Any
necessary combination can be undertaken, depending on a particular
case.

Second step
The second step is to examine whether intermodal transport services and
actors exist in the identified target markets.

Third step
If intermodal transport does not exist at all, the various barriers have
to be examined. Institutional, infrastructural, commercial, economic,
technical and operational, and social barriers should be investigated. If
one or a combination of these barriers exist, then action should be taken
for their alleviation. If they do not exist, one should proceed to the next
step.

Fourth step
If intermodal transport exists, the objectives for promoting it further and
increasing its share in the freight transport market should be set, that is,
transport, sector, area and application objectives.

Fifth step
This step is the final one and constitutes the implementation plan. The
appropriate groups of people should be involved in consultation before any
action is taken. The necessary data for comparing the possible alternatives
to the action should be gathered carefully and analysed. Prior to the full
implementation of the action, a pilot implementation should be under-
taken. If the action leads to the creation of a new service or the establish-
ment of a new intermodal transport operator, this should be carefully
monitored in order to examine its rate of success. If it is not proved to be
successful, then it should be withdrawn. Figure 14.1 presents the policy
action plan described.

14.6 CONCLUDING REMARKS

The way forward for the development of intermodal transport in Europe
is the combination of the top-down approach (European Commission
policies, legislation, and so on) and the bottom-up approach, which is the
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identification of the intermodal transport market actors’ needs. Strategies
have been identified and enforced by the Directives and the weak points of
the intermodal market have been identified and analysed through exten-
sive research. What needs to be done next is to proceed to a combination
of the above, in order to apply the optimum solutions to the identified
problems and offer these solutions to the intermodal transport market
actors.

All the measures and actions recommended cannot be fully effective
unless each of the parties concerned in the transport chain does every-
thing necessary to ensure the development and efficiency of intermodal
transport. A framework under which freight infrastructure investment
can take place should be produced. Investment decisions should be made
by public bodies in collaboration with experts. The development of inter-
modal transport in the European Union is a long-term exercise. The
impact of the current efforts towards the increase of the share of inter-
modal transport should be evaluated on a pan-European scale over a long
time perspective. The European Commission should continue reviewing
developments that will lead to an increase in the share of intermodal
transport.

The role of mergers and alliances between intermodal transport actors
in the development of new operators should be highlighted. There is a need
for greater collaboration between the main actors of an intermodal trans-
port chain, especially the active involvement of the shipper. This trend
exists and its development should be supported by organizing pilot cases,
round tables and other marketing actions that will inform the participants
on the benefits of such a scheme. The collaboration of actors will have as a
result the development of pan-European operators, which will achieve
economies of scale.

Intermodal transport should be maintained in the political agenda.
More publicity should be given through campaigns promoting the advan-
tages of intermodal transport. Quality improvement is the key for increas-
ing the share of intermodal freight transport and for enabling intermodal
transport to play a role in European cohesion, integration, harmonization,
economic efficiency, competitiveness and sustainability. Actors within the
industry should undertake the implementation of most of the required
actions using their own resources, especially if provided with tools to pin-
point improvement possibilities. However, much also depends upon the
political level of ambition and on the policies used to assist intermodal
transport to fulfil its potential with regards to setting appropriate frame-
work conditions for competition and cooperation within the transport
sector.
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15. The role of government in fostering
intermodal transport innovations:
perceived lessons and obstacles in
the United States
José Holguín-Veras, Robert Paaswell and
Anthony Perl

15.1 INTRODUCTION

Freight transportation systems all over the world make significant contri-
butions to the world, regional and local economies. The importance of
these contributions is clearly evident in the American case, which provides
a good example of the economic importance of freight.

In 1997, business and industry transported cargo worth $6.9 trillion and
weighing 11 billion tons. This caused 2.7 trillion ton-miles of goods to be
transported across the continental United States (USDOT 1999a). Truck
transportation accounts for 71.7 per cent of the value of cargo transported
and 69.4 per cent of its tonnage (ibid.). At the personal level, Americans
spend more on transportation, freight movement and commuting, than
they do on clothing, operating the household, recreation and intercity
travel put together. Transportation costs account for 11 per cent of dispos-
able income, the fourth largest item in family budgets (USDOT 1999b).
Using 1994 gross national product numbers, freight transportation made
up 6.3 per cent of total expenditure, which could go up to 10–11 per cent
of total expenditure if revenues spent on inventory, warehousing, and logis-
tics services are included (ENO 1998). As a percentage of total expenditure,
freight transportation represents 38.52 per cent of the total, while passen-
ger transportation accounts for the rest (USDOT 1999b).

The impact of freight on the US economy is considerable. Overall, it is
estimated that one out of every ten jobs in the American economy is either
directly or indirectly related to transportation (ENO 1998), which could
increase to one out of four jobs if jobs in logistics and warehousing are
taken into account. These numbers roughly translate into 4 million jobs
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directly attributable to transportation. Three million of these jobs are
freight related (USDOT 1999a).

The extent and rapid pace of globalization has placed an increasing
burden on the entire freight industry. In the new global economy, the freight
transportation system, originally designed to operate across national
boundaries, will be expected to operate as if national boundaries do not
exist. The American freight transportation system is becoming an ever
more important piece of the global network. This growth adds pressure to
the freight transportation system to increase capacity. Symptomatic of this
growth in demand are the needs customers now place on freight services:
increasing reliability, cost effectiveness, higher efficiency and, more import-
antly, a service tailored to their specific needs (Holguín-Veras and Thorson
2003). Not only will the freight transportation system have to increase
capacity, but it will also have to increase the variety of services provided to
meet customer needs.

The freight transportation system is also the subject of significant
and justifiable concern by environmental and community groups.
Epidemiological studies (for example Ostro 1987) indicate that particles
less than 2.5 µm in aerodynamic diameter (PM2.5), a size that can reach
deep into the lower respiratory tract of the lungs, create significant health
problems. Since nearly all diesel particles fall within the PM2.5 range
(Godlee 1993), health considerations demand the implementation of trans-
portation policies aimed at ameliorating the negative air quality impacts of
truck traffic. These concerns are backed by an increasing number of studies
that have specifically analysed the health impacts of truck activity (for
example Bhatia et al. 1998), and by community-based environmental
research that provides indication of the relationship between truck traffic
and environmental impacts (Lena et al. 2002).

The confluence of the trends discussed above seems to provide strong
reasons to implement proactive policies to foster intermodal transport
innovation and, ultimately, enhance the competitive edge of the American
economy, foster the role of freight transportation as an agent of economic
development and the efficiency of the freight system, as well as reduce the
negative environmental and health externalities, and congestion, produced
by freight transportation activity. Interestingly enough, both at the inter-
national level and in the USA, such intermodal innovation policies, more
often than not, are absent at the policy table with only a handful of good
examples (for example Singapore, the Netherlands) where far-reaching
freight transportation programmes, including the area of freight automa-
tion, have been in place for a long time.

In one of the few publications on the subject, Boske (1998) provides
a succinct description of ‘best practice’ in multimodal and intermodal
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planning, which, by definition, does not represent the typical situation. A
separate publication (Boske 1999) provides in-depth analyses of best prac-
tice in the US. The analyses of the findings in Boske (1998) highlight a
number of interesting patterns. Across the board, in Europe, the United
States and Latin America, the main focus of multimodal and intermodal
planning is on the definition, programming and investment for projects that
foster an efficient and seamless intermodal transportation system. In the
US, a handful of states have implemented exemplary planning practices
that routinely gather input from the stakeholders about intermodal pro-
jects. For the most part, initiatives intended to foster intermodal innovation
are not considered to be within the scope of responsibilities of even the
most progressive state planning departments. The same applies to the Latin
American countries (Boske 1998). In Europe, both at the supranational and
the national level, there appears to be an enhanced recognition of the need
to foster intermodal innovation. European policy makers appear to have
made a linkage between the interconnection of their transport modes and
the integration of their economies.

The main objective of this chapter is to conduct a comprehensive analy-
sis of the factors that explain the absence of intermodal innovation ini-
tiatives in the US. Since the American situation is symptomatic of the
state of affairs in most developed (and some developing) countries its
analysis may provide insights into how best to tackle the problem of
defining and implementing intermodal innovation initiatives. Among
other things, analysis of the relatively well-documented American case
provides some insights into how best to overcome the typical challenges
associated with defining policies and programmes to foster intermodal
innovation.

This analysis provides supporting information to assess the role of gov-
ernment in fostering intermodal transport innovations through the imple-
mentation of a consistent set of policies, programmes and projects, referred
to in this chapter as intermodal innovation initiatives. It should be implic-
itly understood that research is a necessary and vital element supporting
such initiatives.

The chapter is comprised of three major sections. Section 15.2 entitled
‘Effects of institutional diversity and durability on intermodal innovation’
provides a brief description of the institutional structures that influence
intermodal innovation initiatives. ‘Challenges’ (section 15.3) presents an
analysis of the main obstacles to the implementation of a meaningful set of
such initiatives. Section 15.4 entitled ‘Towards a systematic policy of inter-
modal innovation’ presents an outline of policy steps aimed at the creation
of a set of intermodal innovation initiatives. Section 15.5, ‘Conclusions’,
summarizes the main findings.
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15.2 EFFECTS OF INSTITUTIONAL DIVERSITY
AND DURABILITY ON INTERMODAL
INNOVATION

As befits the world’s most mobile society, the United States is a major pro-
ducer of transportation research and innovation. However, amidst this
bounty of analytical output, it is not easy to identify a consistent or coher-
ent focus on the systemic challenges of freight transportation. Part of the
reason for that can be found in the institutional diversity and durability of
American transportation finance, planning and operations.

American transportation innovations have traditionally reflected the
institutional structure of transportation planning and development. When
the private sector took charge of railroad development in the nineteenth
and early twentieth centuries, it took the lead in creating proprietary tech-
nical, and to a lesser extent economic, research that facilitated innovations
in moving freight and people by rail. When state and federal government
agencies began developing America’s national highway network, their tech-
nical and socio-economic research was similarly focused on that mode, but
public dissemination of results became a means of diffusing technical and
administrative innovations. A longer time horizon was also introduced to
US transportation research, with at least some investigations correspond-
ing with state and national ‘master plans’ for road, and later public trans-
portation programmes.

Through the course of the twentieth century, the scale of research efforts
by universities, governments and private industry has grown considerably,
and with it has come a growing diversity of issues in, and perspectives on,
improving mobility. Each sponsor of transportation research brings
different objectives, timeframes and techniques to their work. Such diver-
sity is not, in itself, problematic.

However, when this tendency toward such fragmentation is combined
with the American propensity to create exceptionally durable transporta-
tion institutions, the ability to advance the understanding of systemic issues
that cut across organizational boundaries and to integrate findings from dis-
parate investigations into innovative results becomes limited. Intermodal
innovation is constrained by this durability in transportation policy – the
tendency for American government to create administrative and financial
arrangements that ‘lock in’ particular organizational arrangements and
relationships between politics and technology (Perl 1991).

This institutional durability, and its modally based nature, has a
significant impact on the freight transportation research priorities. This can
be appreciated in the way in which research funding has been approached
by the different agencies. The list of agencies that, in one way or another,
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engage in freight transportation research encompasses federal, state and
local agencies. This section identifies the major agencies that sponsor or
directly conduct freight transportation research in the United States, and
highlights their influence and role.

The National Science Foundation (NSF) has sponsored a number of
research projects on different facets of freight transportation. For the most
part, the projects sponsored by the NSF are those with potential to make
significant contributions on basic research across multiple disciplines. A
partnership between the United States Department of Transportation
(USDOT) and the NSF has opened new opportunities for funding of high-
risk, high-pay-off basic transportation research. This partnership fills a
void in transportation research because high-risk, high-pay-off basic
research has not been considered a priority by traditional funding sources
in transportation, for example Departments of Transportation. The NSF
is interested in expanding the partnership with the USDOT, as well as
others based upon the successful model of public–private research part-
nership in the semiconductor industry.

The United States Department of Transportation spent a total of $192
million on research and development contracts in 2001 (US Office of
Management and Budget 2001, p. 27). Although no budget breakdown is
available, a number of agencies within the USDOT do conduct research
with a more or less explicit focus on freight transportation.

The Federal Highway Administration (FHWA) is the largest and best
funded of the USDOT agencies dealing with surface transportation. The
FHWA is responsible for managing the Federal Aid Highway Program
which distributes revenues collected from automotive excise taxes to desig-
nated road-building programmes in the states, as well as the Federal Lands
Highway Program which directly constructs roads on federal lands. The
Research, Development, and Technology Service Business Unit at FHWA
oversees direct and sponsored research on highway technology, manage-
ment and planning innovations. Much of this research is technically ori-
ented, focusing on materials and design of road infrastructure and carried
out by the Turner-Fairbank Highway Research Center. But some of it also
addresses operational and administrative questions.

The FHWA’s Office of Freight Management is the agency within the US
government that is most focused on research that can contribute to enhanc-
ing the movement of goods. The FHWA is pursuing a Freight Productivity
Program to examine the needs of freight mobility and begin to offer support
for new policies. A freight analysis framework has been created to offer:

a methodology to estimate trade flows on the Nation’s infrastructure, seeking to
understand the geographic relationships between local flows and the Nation’s
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overall transportation system. The framework will help identify areas of
improvement to increase freight mobility, including highlighting regions with
mismatched freight demand and system capacity, and encouraging the develop-
ment of multistate and regional approaches to improving operations. (USDOT
2002)

The FHWA has also sponsored a ‘National Freight Dialogue’, which is
aimed at fostering dialogue among public and private participants in the
movement of freight (see http://www.icfhosting.com/fhwa/nfd_disc.nsf/
Splash?OpenPage). It is replete with discussion of the need to give freight
transportation a higher priority, and to build understanding of obstacles
and opportunities to freight transport innovations, presumably through
research. However, a detailed research agenda that encompasses a systemic
analysis of how to enhance the productivity and sustainability of America’s
freight transportation system remains to be added to this dialogue.

The Federal Motor Carrier Safety Administration (FMCSA) was split
off from the FHWA in 2000, with a ‘primary mission . . . to prevent com-
mercial motor vehicle-related fatalities and injuries’. While the FMCSA
conducts research into safety-related topics such as operator fatigue whose
results have a significant influence on freight transportation, there is little
attention paid to how alternative practices and new technologies like
automation might transform freight system performance and hence safety.
The Federal Railroad Administration (FRA) also conducts research pri-
marily in the area of safety, and also organizes this around particular chal-
lenges and risks posed by current operating patterns and technology.

The Bureau of Transportation Statistics (BTS) is America’s primary
repository of data on all aspects of mobility. In cooperation with the US
Census Bureau, the BTS conducts a Commodity Flow Survey (CFS)
approximately every five years (since 1993). Unfortunately, the reductions
in the sample size of the CFS (from 200 000 in 1993, to 100 000 in 1997, and
50 000 in 2002) have severely undercut its ability to produce detailed
tabulations of commodity flows. The BTS provides periodic analytical
overviews of the trends in goods movement, with an emphasis on encapsu-
lating the outcomes of system performance. In addition, the BTS does
support a relatively small number of freight transportation research pro-
jects through its normal research funding programme.

At the state level, departments of transportation (DOTs) tend to support
and participate in applied transportation research aimed at improving
maintenance or enhancing their operations. An important vehicle for such
efforts is the National Cooperative Highway Research Program (NCHRP),
which is administered by the Transportation Research Board under the
guidance of the Standing Committee on Research of the American
Association of State Highway and Transportation Officials (AASHTO).
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The NCHRP ranks research proposals based on state and federal input.
The state DOTs also periodically fund freight research projects, usually
through local universities and the federally sponsored University
Transportation Centers (UTCs). These projects tend to focus on either
specific operational issues or freight transportation modelling to support
statewide planning efforts (for example Sorratini and Smith 2000).

Additional locations for American transportation research may be found
in Metropolitan Planning Organizations (MPOs) which, by law, must focus
on transportation and land use issues in the US urbanized areas. As might
be imagined from the diverse geography found across these MPO jurisdic-
tions, only some of them would identify freight movement as a significant
transportation activity worth monitoring. This tends to occur in MPOs
with a significant concentration of airport, maritime, and/or rail terminals
or transfer facilities. In such cases, attention to traffic flow, environmental
impacts and economic contribution of freight movement is identified and
tracked. Local challenges, such as road congestion or poor interconnectiv-
ity between modes, can be assessed and suggestions for improvement can
be developed. An example of this type of project is the one funded by the
New York City MPO, the New York Metropolitan Transportation Council
(NYMTC), to define a strategic plan for the development of a regional
freight transportation model (Holguín-Veras et al. 2001).

Problems that lend themselves to a local solution can be approached with
innovative solutions. The Alameda Corridor project, one of the most inno-
vative in the US, is a new 22 mile urban rail freight corridor across Los
Angeles. However, when freight mobility is constrained by problems that
extend beyond a given MPO’s jurisdiction, the prospect of these organiza-
tions generating research that will stimulate innovation to address these
problems declines considerably.

America’s configuration of transportation agencies offers the opportu-
nity to generate many important research initiatives. Working directly, and
in partnership with industry and universities, government sponsors numer-
ous initiatives that draw upon many disciplines including pure and applied
science, engineering, social science, planning and management. The com-
ponents and capacities of a world-class freight research programme are cer-
tainly available within this context. Yet institutional diversity and durability
have, to date, made it difficult to organize analysis that can transcend modal,
administrative and geographic jurisdictions. As a result, potential freight
transportation innovations are less likely to get stimulated by current insti-
tutional configurations. Under favourable circumstances, such as certain
MPOs’ implementation of responsibilities created by the Intermodal
Surface Transportation Efficiency Act, publicly supported exploration of
freight transportation opportunities has enabled intermodal planning and
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project development to become a central focus of federal and state trans-
portation agencies’ work.

15.3 CHALLENGES

Introduction

Even where research generates the raw ingredients for innovation, imple-
mentation of a set of intermodal innovation initiatives in the United States
faces a number of challenges. This section highlights some of the most
significant ones so that insights could be gained on how to overcome them.
This analysis highlights four major factors that constrain innovation: (1)
government–private industry dynamics; (2) size, geographic factors and
industry structure; (3) lack of identification between private industry
success and national economic objectives; and (4) mismatched planning
horizons.

Government–Private Industry Dynamics

One of the most important distinctions between the passenger and freight
transportation systems is related to the nature of their relationship with the
government. This is the result of the different paths that passenger and
freight transportation systems have taken over time. The factors condi-
tioning these dynamics are briefly discussed next.

Since its early beginnings, in the United States, freight has been moved
by private carriers and has been dominated by private companies that
operate various components of the system. In some cases, for example
inland water transportation and trucking, the private companies do their
businesses using a public right-of-way (rivers and channels in the case of
inland water transportation, and public roads in the case of the trucking
industry), while in others, most notably railroads and pipelines, the com-
panies integrate ownership of the right-of-way, the facilities and operating
carrier. Quite often, these rights of way were obtained from the public in
return for the provision of certain transportation services. This has created
a not unexpected tug-of-war. The government, representing the public and
its investments, wants to regulate those investments. The private companies
want totally unregulated operations to ensure maximization of their
profits. The relationship between freight companies and the government
has even had periods of open hostility, such as in the late nineteenth
century that saw the enactment of anti price-discrimination laws prevent-
ing railroads from using price differentiation schemes. These laws were
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repealed in the late 1870s after the financial situation of the railroads dete-
riorated so dramatically that the very existence of the railroads and the
service they provide was threatened (Holguín-Veras and Jara-Díaz 1999).
US takeover of all railroads in World War One and some Northeast and
Midwest railroads following the Penn Central bankruptcy in 1969 were
other periods of costly confrontation.

When freight companies use a public right-of-way, the prevailing per-
ception among those companies is that their interests are not best repre-
sented by the US or State Department of Transportation, or any other
transportation agency for that matter. This is particularly evident in the
trucking industry, where truckers tend to believe that DOTs are ‘out there
to get them’ and that they are unjustly portrayed by DOTs as pavement
destroyers, congestion producers and the like, while their contributions to
the success of the American economy are not acknowledged and appreci-
ated. This is undoubtedly a reflection of long-held views among traditional
engineers, who think of the freight industry, particularly truck transporta-
tion, as something to control tightly. One of the professionals interviewed
during this research termed this as the ‘ban the truck’ attitude.

The net result is a situation in which the government agencies do a minimal
amount of policy intervention (usually in the areas of safety and the envir-
onment) that purposely avoid policy measures and legislation that may be
perceived – by any segment of the industry – as altering the ‘level playing field
of competition’. In turn, instead of relying on transportation agencies to do
transportation policy on their behalf, freight companies try to influence
transportation policy by means of modally based trade groups (for example
the American Trucking Association, ATA; Association of American
Railroads, AAR; American Association of Port Authorities, AAPA;
Intermodal Association of North America, IANA). These influential organ-
izations lobby the executive and legislative branches of federal, state and
municipal governments for support of specific programmes, projects and
pieces of legislation of interest to their trade group. As may be expected, the
resulting transportation policies and programmes are the reflection of
modally based priorities that fail to account for system considerations of
intermodal and multimodal aspects. As shall be seen later, this has important
implications for the definition of intermodal innovation policies.

In contrast, the relationships between government agencies and the
different components of the passenger transportation system have taken a
different path. Passenger transportation systems have been implemented
using two major modalities. The first one is the use of the public right-of-
way by individuals or transportation companies that contribute directly
through fees and tolls, and indirectly through taxes, help pay for the facili-
ties’ upkeep, while retaining ownership of the vehicles, for example private
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car owners. It has been assumed and customarily accepted that the public
interest is best represented by the State Departments of Transportation and
elected officials. Indeed, it has been observed that elected officials and trans-
portation officials are fairly responsive to the wishes and expectations of
car owners, as they represent a significant fraction of the population that
votes. In fact, most elected officials, if presented with a situation in which
they have to choose among alternatives that benefit one sector at the
expense of the other (which occurs frequently in resource allocation prob-
lems), would tend to favour passenger transportation, as well as the road
modes, over other options. The consequence of this is to reinforce the pre-
vailing perception in the trucking industry that their interests are not rep-
resented, or are minimally taken into account, by transportation and
elected officials, in spite of having a similar arrangement to car drivers, that
is, public right-of-way and private ownership and operation of vehicles.
This seems to give credence to the old saying used by freight transportation
professionals to explain the low priority given to freight transportation:
‘freight does not vote’. For their part, railroads seem to react with a similar
disdain of transportation officials for responding to passenger demands,
which usually translate into either support for road building that can aid
their truck competition or demands for increased passenger rail operations
that constrain rail freight capacity.

A second modality of implementation of passenger transportation deliv-
ery can be found in the case of quasi-public transit agencies that provide
transportation service with subsidies from public funds while using a public
right-of-way. Because of their quasi-public character, these agencies have
traditionally had close ties with the political leaders, which translates into a
rather cooperative relationship with elected officials. As a result of the
empowerment of transportation agencies to represent car drivers and the
close relationship between transit agencies and the political elites, trans-
portation agencies have been able to undertake a relatively proactive role in
defining and implementing passenger transportation policy. In some extreme
cases, transportation agencies have even been able to implement policies and
programmes that may negatively affect small pockets of individuals and
companies, which is accepted as long as it is done for the greater good.

The nature of the dynamics of the relationship between government
agencies and the freight industry weighs heavily in the minds of the indi-
viduals in charge of setting research priorities. One of the top concerns cited
to the authors of this chapter about advancing innovation through a freight
transportation research programme is the possibility that such a programme
could have differential impacts upon the freight industry, that is, that the
programme upsets what is considered to be a level playing field of economic
competition. This line of thought is based on the fundamental assumption

The role of government in fostering intermodal transport innovations 311



that efforts to stimulate freight transportation innovations should be
neutral, from the standpoint of any differential impacts that they might
produce. This stands in sharp contrast with the passenger transportation
case, in which there is widespread recognition among transportation
officials about the need to implement proactive ‘interventionist’ policies, for
example to reduce car usage. In cases like this, the government’s role in fos-
tering a more rational use of resources is acknowledged.

The differential impacts that concern transportation officials could
reveal themselves in a number of different ways, for example by altering the
geographic pattern of commodity flows and trade, or by altering the rela-
tive volumes of inter- and intramodal freight flow. Freight transportation
research that may result in giving an advantage to the Port of New York
and New Jersey will undoubtedly concern other port authorities in the East
Coast, for example Baltimore. Similarly, freight research that stimulates a
disproportionate advance of innovation in the trucking industry would
undoubtedly generate opposition from the railroad industry, where such
research would be viewed as government intervention that favoured the
competition. The trucking industry and its advocates would similarly
oppose research that sought to advance new technology and more produc-
tive techniques that generated a high pay-off for freight railroads. The
dynamics between the freight industry and the government have resulted in
a state of affairs in which: (1) there is very little tradition of collaboration
and partnership between the rail and road modes; and (2) the policy and
research initiatives that stimulate innovation are, in essence, modally deter-
mined. The latter is particularly important in light of the fact that – in spite
of the ambitious and far-reaching goals first set by the Intermodal Surface
Transportation Efficiency Act of 1991 – the institutional structure of trans-
portation decision making in America remains modally based. In this
context, both the institutional structure and the trade groups reinforce each
other, which result in the perpetuation of the modally based modus
operandi. A recent example of this perspective on innovation is the pro-
posed ‘Commercial Traffic Effects Institute’ (TRB 2002) that would be
chartered to ‘develop federal (truck) size and weight standards and related
highway management practices, recommend regulatory changes, evaluate
the results of the implementation of new regulations, and support state
implementation of federal regulations’.

Size, Geographic Factors and Industry Structure

Introduction
One important element that poses a challenge to the implementation of
federal policies to foster intermodal innovation is related to the geography
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of freight transportation in the United States, in particular the size and
complexity of the system. This section provides a brief description of the
main components of the American freight transportation system: rail
freight, truck transportation and the port system. Air freight, pipelines and
the inland water system are not discussed here for the sake of brevity, and
because they have relatively unique issues not directly related to the issues
affecting the three main freight modes.

Trucking
Truck transportation in the United States is an activity of massive size.
According to the 1997 Vehicle Inventory and Use Survey (VIUS) (USDC
2000), there are close to 72.8 million trucks. In terms of size, these trucks
could be classified as: (1) light trucks, that is, weight less than 10 000
pounds; (2) medium trucks (weight between 10 001 and 19 500 pounds);
(3) light-heavy trucks (weight between 19 501 and 26 000 pounds); and
(4) heavy-heavy trucks (with weight exceeding 26 001 pounds). Light trucks
are, by far, the most numerous (68.1 million), followed by heavy-heavy
trucks (2.54 million), medium trucks (1.44 million) and light-heavy (0.73
million).

In terms of industry structure, trucking has been, it is, and probably it will
be, an activity in which there exists a significant number of owner-operators.
As shown in Table 15.1, 53 per cent of the units surveyed by the 1997 VIUS
belonged to owners of only one truck. The trucks owned by companies with
five trucks or less represent 70.5 per cent of the total. A significant portion
of those are doing full-truckload (FTL) operations, usually intercity travel,
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Table 15.1 Structure of the trucking industry

Number of trucks Number of units % of total % of respondents
in company

1 18 553 557 25.49 52.70
2–5 9 790 007 13.45 27.81
6–9 1 490 431 2.05 4.23
10–24 1 660 380 2.28 4.72
25–99 1 479 723 2.03 4.20
100–499 988 021 1.36 2.81
500–999 287 938 0.40 0.82
1000–4999 361 648 0.50 1.03
5000–9999 128 665 0.18 0.37
10 000 or more 462 627 0.64 1.31
Not reported 37 597 254 51.64 –
Total 72 800 252 100.00 100.00



because of the relative ease with which they could enter the market. On the
other hand, the number of individual operators in the less-than-truckload
(LTL) market is much less, because LTL operations usually require expen-
sive distribution terminals strategically located in major metropolitan areas,
from where the FTL shipments can be sorted out and redistributed.

The trucking industry is represented by the American Trucking
Association (ATA) and numerous state and local trucking organizations
(for example the New Jersey Motor Truck Association, the New York
Motor Truck Association). The ATA focuses, for the most part, on issues
affecting the trucking industry at the national level, though it sometimes
engages states in fighting for policy measures that benefit its membership.
The local and state trucking associations, for the most part, focus almost
exclusively on local issues. The relationship between the ATA and the local
and state trucking associations is highly uneven and dynamic.

Rail freight
The American rail freight system is the world’s largest. It is comprised of
approximately 128 000 miles of active tracks. For comparison purposes,
Canada (second-largest) has 59 000 miles and Russia (third-largest) has
54 000 miles (Muller 1999). The different railroads are classified, on the
basis of their operating revenue as: (1) Class I, which are those with oper-
ating revenues exceeding $253.7 million; (2) Class II, those with operating
revenues between $20.3 and $253.7 million (most regional railroads belong
to this class); and (3) Class III, that are those with operating revenues less
than $20.3 million (Muller 1999).

Following deregulation, the number of Class I railroads has consistently
declined from 35 in the 1980s to nine (1998). The Class I railroads as of 1998
were: Burlington Northern and Santa Fe, Union Pacific, Consolidated Rail
Corporation, Norfolk Southern, CSX Transportation, Canadian National,
Canadian Pacific, Florida East Coast and Illinois Central. By 2002, consol-
idations and acquisitions had reduced this number to seven carriers, of
which just five were headquartered in the United States.

As of 2001, the four largest railroads in the United States were:
Burlington Northern and Santa Fe, CSX Transportation, Union Pacific and
Norfolk Southern. A unique feature of the American rail freight system is
the lack of a sole national carrier that dominates the others. The East of the
Rocky Mountains is dominated by CSX Transportation and Norfolk
Southern, while the West is the realm of Burlington Northern and Santa Fe
and Union Pacific. Given the wide range of social and economic conditions
across the different states it is extremely likely that, in spite of the policy
makers’ best efforts, any significant freight transportation research initiative
would have differential impacts across the different states.
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Ports
The American port system is complex and dynamic. The proliferation of
major ports on the East Coast – many of them originally supported
through local public funds – has led to a situation of overcapacity that has
translated into severe competition among the different port authorities.
Since a significant portion of port demand is discretionary in nature –
because it depends on the decision of shipping companies about the ports
of call – the outcome of this competition is perceived by port managers as
a matter of ‘life or death’. Since most of the energy of port managers is
spent on this struggle for survival, basic or applied port research (an area
in which freight automation would have a significant impact, as demon-
strated by the examples of the ports of Singapore and Rotterdam) is a low
priority. Ports do research for highly specific needs and often incorporate
these studies as parts of environmental impact or planning studies, for
example on the impacts of dredging. Needless to say, the overcapacity on
the East Coast heightens the concerns among port managers about
research that may provide a competing port with a leading edge. On the
West Coast, although until the downturn of the global economy in 2000
there were port capacity problems, these were usually addressed by means
of infrastructure capacity enhancements, which is the traditional approach.
In an expanding global economy, these pressures to add capacity may
provide additional incentives to speed up freight automation research in
port operations.

Lack of Identification Between Private Industry Success and National
Economic Objectives

As discussed in this section, the size and complexity of the American
freight system poses a challenge to the implementation of a significant
freight research programme. The multiplicity of frequently conflicting
objectives of the different freight modes are a reflection of the fact that they,
in essence, compete with each other. This competition takes place across
modes and across the geography of the country.

In this context, the success of a particular company is perceived by its
competitors as something achieved at their expense, as part of a zero-sum
exercise. More importantly from the policy standpoint is that there is not a
close identification between the financial well-being of a given freight
company and the success of the American economy. The expression ‘What
is good for the country is good for General Motors, and what’s good for
General Motors is good for the country’ does not ring true in the American
freight transportation system (the statement is attributed to Charles E.
Wilson, former head of General Motors and Secretary of Defence under
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President Dwight Eisenhower, who allegedly said it at a Senate subcom-
mittee in the 1950s). It should be noted, however, that local and state trans-
portation and elected officials tend to recognize the role of ports as engines
of local and regional economies, probably more than any other freight
mode (with the notable exception of New York City in the 1950s and 1960s,
where political leaders must share in the blame for the disappearance of the
port’s operations on the New York side). This is driven by the fact that ports
have a fixed location in contrast to trucking and railroad companies that
operate across the country. At the national level, however, there is no evi-
dence of any identification between the success of the port system and
national economic objectives. This situation stands in sharp contrast with
the case of countries that lead the world in intermodal innovations such as
freight automation (for example Singapore, the Netherlands) where there
exists a close association between the success (or failure) of a particular
freight enterprise (that is, the Port of Singapore and the Port of Rotterdam)
and the economic development of the country. This closeness translates
into a heightened awareness of the importance of freight transportation
and intermodal innovation, and a more cooperative working environment
between private industry and the government.

Mismatched Planning Horizons

A factor that deserves mention is related to the significant differences
between the planning horizons of the system’s operators – virtually all of
which are a part of the private sector, where day-to-day operations keep the
time horizons short – and the public agencies responsible for planning,
financing and implementing transportation projects. These public agencies,
with extended planning cycles and complex decision-making and imple-
mentation procedures, think of ‘short term’ as within two years. ‘Medium
term’ may be between two to five years, while ‘long term’ can mean a 10-,
20- and even 50-year planning horizon. Private firms, on the other hand,
have much shorter planning cycles, where ‘short term’ may be as little as
two weeks. ‘Medium term’ could be anything within six months, while ‘long
term’ may refer to the next year.

As expected, this significant disparity in planning horizons complicates
the process of trying to define common goals between transportation agen-
cies and the freight industry. On the one hand, transportation agencies are
not designed to respond with the speed required by the private sector for
even ‘long-term’ decisions. On the other hand, the freight operators are not
interested in long-term projects with potential pay-offs far off on the
horizon. This disparity needs to be taken into account when attempting to
advance the innovations stemming from freight transportation research.
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There is one point where the ‘short-term’ understanding of public and
private entities may coincide. While the public planning and investment
processes are by necessity longer term, transportation projects supported
with public funds must be reported on annually. This takes place under the
auspices of the Metropolitan Planning Organization. The instrument is the
annual Transportation Improvement Program (TIP), which is an annual
listing of projects, and the resources to support them. It is signed onto by
the member organizations of the MPO. It is at this forum that short-term
needs can be expressed and that freight needs can be placed on the table as
essential components of meeting regional and local transportation, land
use and environmental objectives. What is needed to launch this process is
a representative of the freight industry to sit at the MPO table. Such a rep-
resentative can be either elected by the freight industry, which is the ideal
situation, or represented by an ‘Office of Freight Transportation’ set up in
an appropriate public organization. Since the multiple obligations of
freight industry leaders often prevent them from attending meetings with
public officials – as the experience in the Freight Transportation Working
Group in New York City indicates – designating a staff member to collect
input from the industry and present their points of view in planning meet-
ings may a pragmatic solution.

15.4 TOWARDS A SYSTEMATIC POLICY OF
INTERMODAL INNOVATION

Implementing systemic freight transportation innovations requires taking
into account the unique challenges to translating research findings into new
practices that were discussed in the previous section. Careful consideration
of these factors would help maximize the chances of implementing such
research programmes. Table 15.2 shows the key challenges identified before,
as well as a preliminary list of the potential approaches that should be con-
sidered.

As shown in Table 15.2, three of the key issues identified before (issues 1,
2 and 3) are related, in various ways, to the way in which the government
agencies interact with the freight industry. The fourth and the fifth issues
are, to a great extent, related to the key features of the freight industry
structure, that is, the significant intermodal and intramodal competition
that takes place in the US. Not surprisingly, there is a significant amount of
overlap among the approaches identified to overcome these issues.

In terms of policy implementation, the order in which the different
types of new technology and/or techniques are adopted does matter. It
seems clear that the research community and the freight industry must
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join forces and work together to elevate the consideration of freight issues
to a level commensurate to the importance of freight to the nation’s
economy. In this context, the National Freight Dialogue is an important
first step.

The leaders of the freight industry must play a critical role in raising the
level of awareness among transportation and elected officials about the
need to increase funding for transportation research, education and train-
ing. It is very likely that the executives of all major freight companies,
across all modes, together with the leaders of the different trade groups (for
example the ATA, AAPA, AAR, IANA) will set aside their differences and
support such effort. An industry-led coalition is also likely to garner con-
gressional support from those states in which freight transportation has a
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Table 15.2 Challenges and approaches to implement freight transportation
innovations

Challenge Approach

1. Lack of cooperative tradition • Enhance current broad industry based
between government and the initiatives (e.g. TRB, National Freight
freight industry Dialogue)

• Create and foster new public–private
partnerships

2. Mismatched planning • Identify research topics that integrate
horizons operational concerns with infrastructure

planning, thus generating interest among
the largest number of stakeholders

• Partner with consulting firms and freight 
industry to identify research topics

3. Modally based priorities (the • Politically empower the agencies and 
result of modally based offices with broad industry impact, and
agencies and trade groups) make them accountable for transcending

modal perspectives
• Employ the ‘Golden Rule’, i.e. ‘the one 

who has the gold, rules’

4. Lack of identification • Educate decision makers on the 
between private industry importance of freight to the nation’s
success and national economy
objectives • Conduct research on broader socio-

economic impacts of freight activity

5. Concerns about differential • Develop a research agenda of broad
impacts of freight research industry appeal



visible and recognized role in the local economies (for example New York,
New Jersey, Texas, Pennsylvania, California and Illinois).

Success, even at a relatively minor scale, breeds success. In this context,
should this coalition succeed in calling the attention of transportation and
elected officials to the need to do more work on freight research, it may
open the door to other forms of public–private partnerships. This, in turn,
will contribute to a better working relationship between all sides.

The proactive participation of the freight industry may be the only way
to bring about much-needed institutional changes that foster a compre-
hensive and truly intermodal freight transportation research programme.
Key components of this would be: (1) the political empowerment of agen-
cies and offices with broad (intermodal) mandates; and (2) the allocation of
the funds needed for systematic and long-term freight research. The
importance of the latter is best captured by the phrase coined by one
insightful professional interviewed for this chapter, who mentioned: ‘the
Golden Rule, i.e., the one who has the gold, rules’. In other words, aligning
adequate funding to implement organizational and technological outputs
with a freight research programme focused on intermodal innovation could
overcome some of the institutional obstacles identified in this chapter.

The mechanism by which this process could be implemented could take
different forms. Ideally, an industry-led coalition with academia could try
to obtain a congressional mandate (and the corresponding funds) to estab-
lish a freight transportation research programme managed by either
the National Science Foundation or the National Academy of Sciences’
Transportation Research Board (TRB). Among other things, this would
benefit from the fact that the TRB is already a forum for discussion of
freight transportation issues, in which there is significant participation from
almost all stakeholders on a regular basis. A less ideal alternative, though
more in tune with the inherent desires of members of Congress to enact
pieces of legislation that directly favour their constituents, would be to
create freight transportation research centres in the major metropolitan
areas. Among other things, this mechanism is more likely to generate local
and industry support, because it would make a more direct connection with
their needs. One of the multiple paths that could be used to move these
ideas forward is shown in Figure 15.1.

It is also important to highlight that – putting aside the obvious
differences in size – the American case shares some key similarities with the
cases of smaller and even developing countries that have made significant
intermodal advances: (1) there is no widespread recognition at the highest
decision-making levels of the synergies generated by intermodal innov-
ation; and (2) funding decisions are often made on the basis of a modally
based focus, which is the consequence of having modally based institutions
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and trade groups. They differ in that in countries where the transportation
system is far from being fully developed, there is often a heightened aware-
ness of freight transportation’s significant contribution (or potential for
contribution) to the national economy. In this context, the issues identified
in this chapter, as well as the implementation path suggested in Figure 15.1,
may be applicable to these socio-economic environments with proper
modifications. Cases such as the Netherlands, Singapore and Hong Kong,
where freight transportation is recognized as an economic engine to be
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Figure 15.1 A possible implementation path for intermodal innovations

Enhance/create industry-led
and academia initiatives

Employ the Golden Rule, i.e.
'the one who has the gold, rules'

Develop a research agenda of
broad industry appeal

Identify basic research topics
of interest to stakeholders

Create/foster public/private
and industry/academia

Partner with consulting firms
to identify research topics

Empower politically agencies/
offices with broad industry
focus

Raise awareness among
decision makers about freight



protected and enhanced, are in the opinion of the authors nothing more
than the exceptions to the rule.

15.5 CONCLUSIONS

This chapter has presented an overview of the main challenges to imple-
menting a comprehensive research programme that would stimulate inter-
modal innovations in freight transportation. The analysis focused initially
on the American case from which a set of conclusions and recommenda-
tions, of more general applicability, were extracted. The analysis then
identified challenges related to the institutional setting, as well as those
related to the unique features of the American freight transportation
system and the dynamics of the relationship with the government agencies.
The chapter identified four major sets of factors: (1) government–private
industry dynamics; (2) size and geographic factors; (3) lack of understand-
ing about the relationship between private industry success and national
economic objectives; and (4) mismatched planning horizons. The chapter
also highlighted a number of the different approaches that could be used to
overcome the identified challenges. The authors also put forward a prelim-
inary implementation path that would help generate the new technology
and techniques that would enhance the freight transportation system’s per-
formance.

In spite of the suggestions for launching research that would stimulate
innovation here, there should be no doubt that this is a problem of consid-
erable complexity and difficulty. The public and private policy participants
that must be engaged to implement such efforts possess asymmetrical
dynamics of interest and organization that inhibit change. For that reason,
the modest findings of this chapter should be interpreted as nothing more
than a small step in the long march toward using research as a springboard
for intermodal transport innovation.
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